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Abstract
This work examined the construction of mine
premises through unconventional methods. Purpose of this work is to process an application and
efects of unconventional methods in construction
of pit premises through coal and to give a suggestion for technology that will achieve the most productive and the most rational way of construction.
In the former mining practices are generally
used different variants of mine facilities construction using conventional methods, ie. by applying of explosive try technique of drilling-blasting
work. These methods have their own weaknesses,
so this work is trying to find a possibility for applying of unconventional methods for construction of pit-premises through coal.
In addition to application of system for flameless blasting, it was considered a possibility for
application of contour blasting for finishing of
projected cross section of the pit premises. As the
most favorable method for building of pit premises, a combination of application of Cardox blasting procedure and contour blasting by classical
explosive mediums was choosen.
Key words: Cardox, contour blasting, coal
1. Introduction
In condition of methan presence, blasting with
the help of chemical explosives is connected with
a numerous preventive measures that must be fulfiled in order to prevent unwanted consequences
suh as explosion or fire.
Volume 6 / Number 4 / 2011

All this is even more underlined by the fact that
modern mediums for blasting and protection measures, in chemical explosives application are still
not adjusted enough and do not guarantee an absolute safety. That is why, in extremely dangerous
environments for blasting of rock massifs, mostly
coal, procedures of flameless blasting are applying.
Essence with these procedures is that potential
energy is being transfered into useful work without appearance of flame. In this case, inert gases,
various chemical mixtures and compressed air are
being used to perform an usefull work. Depending
on medium determined for potential energy carier,
blasting procedures have obtained their names.
So, known procedures are: Cardox procedure
with using of liquid carbon-dioxide, hydrox procedure that uses different chemical mixtures, and
air-dox procedure that uses a compressed air. In
special methods a various combinations of flameless mediums so as mediums with classic explosives, are possible.
Cardox procedure applies principle of rock
massif blasting by compressed fluid. Main principle in this way of blasting is in changing of
physical state of the matter (in this case CO2), by
creating a high pressure that performs blasting of
the massif. A principle of Cardox procedure, basically, is very simple, and it is founded on large
increasing of a liquid carbon-dyoxide volume,
during transition from a liqiuid to a gaseous state.
Application of Cardox procedure of blasting is
very simple, operationally.
In mine holes of a proper diameter a Cardox
capsules are placing in, initiating by standard device for ignition of mines. Reaction process in
861
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Cardox capsule is reduced to increasing of volume of a liquid carbon-dioxide until it transfers to
a gaseous state, which is achieved by heating of
thermal-element (10% of naphtalene and 90 % of
potassium-chlorate) up to 1170º C). Heating of a
liquid carbon-dioxide to a critical point, changes
its physical state causing it to change volume up to
700 times (reaching the pressure in capsule up to
250 MPa). Due to the effects of pressure it comes
to a penetration of steel disc in a discharge head,
and in contact of gas under pressure and surrounding massif, a mechanical work and blasting were
performing. The intensity of action of Cardox capsule is regulating by steel disc thickness (from 2,4
to 5,2 mm) that doses the discharge pressure in
interval from 126÷276 MPa and by shape of head
for discharge of gas (two-way, four-way, with
double vents, etc.).

Picture 1. Cross section of Cardox capsule
Many types of Cardox capsules are being applied, depending on work conditions, ie. hardness
of massif or material and wanted work capability
of a capsule. By combination of certain Cardox
capsule and thickness of safety disc, it is possible to choose the most favorable capsule type for
achiving of anticipated effect of action.
Contour blasting gives the most favorable results in homogeneous rocky masses with a minimal number of plane layers, while in naturally
fractured rocky masses leads to shearing and relegation of certain pieces of rock masses, and to attenuation of contour blasting effect. During initiating of explosive in a mine hole, an explosive wave
is creating, which spreading through rock massif,
decomposes on a longitudinal and a transversal
waves. Longitudinal wave is moving through the
work environment in direction, transversal wave
enables transversal moving of a rock massif particle, thus their impact on rock massif is weaker.
In simultaneous initiating of two or more mine
chargings, it comes to a cylindric front of explosive
waves power, which spreads circularly arround
each mine charge. Impact of radial tensions in a
862

rock massif as a consequence of an instant initiating
of two charges is shown graphically in picture 2.

Picture 2. Mutual effects of a cylindrical mine
chargings
If the initiation in points A and B representing
the mine holes, performs at the same time, then
in the points N i N' a tensions on stretching NO i
N'O' will appear, representing the resultants of the
radial strainings around each mine hole, and the
course of action of these resultants is perpendicular to the plane AB, with radial cracks expanding
to the extended crack a-b, on which a splitting of
rock mass is performing and thus creating cracks
in contour blasting.
Reducing the distance between mine holes with
identical conditions of explosive effects brings to
the bigger value of straining, which positively effects on the splitting of rock massif, and creating
of crack in contour blasting.
Many factors have influence on the results in
building of an underground premises such as: type
of explosive, density of charging, wave velocity,
distance between mine holes, diameter of mine
holes, cartridge explosive diameter, construction
and the shape of mine chargings, so as order of
mines ignition.
In order to provide flat contoure of a newly
formed free surface, a equation of pressure dropping Pt in time, is being analyzed, which is given
in the next form:
P t = P0 ⋅ e -

dt

where is:
–– P0 – initial pressure of detonation products;
–– d – pressure damping coefficient;
–– T – time from the start of decomposition to
the time of observation
Volume 6 / Number 4 / 2011
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It is obvious that only way for decreasing of the
start pressure is increasing of pressure damping
coefficient, which is practically feasible in many
ways: by using of small diameter cartridge, separated cartridges, or special constructions of explosive charging.
2.  Model defining
By analyzing of the existing way of mine premises construction and all faults of existing technology that is in use, main goals for the application of
unconventional methods of construction are:
–– Enlargement of the dynamics of mine
premises constrruction;
–– Decreasing of influence on surrounding
rock massif during construction;
–– Construction of mine premises in exactly
defined elements and dimensions of cross
section profile;
–– Change of coal granulometric composition
in construction of mine premises;
–– Increasing of safety level at work, especially
in the pits with methan working mode
–– Acomplishing of more favorable financial
results in relation to classical system of
mine premises construction.
Application of unconventional methods of
mine premises construction is foreseen in the pit
of the brown coal mine “Jasenovac” – Krepoljin
in construction of mine premises for developing
and preparation of excavation. In addition to theoretical and computational processings, it is planed
a performing of an experimental industrial testing
with monitoring of all important parameters which
are necessary for realistic perception of effects of
an unconventional methods application in mine
premises construction.
Having in mind a determined goals that need to
be achieved by using of unconventional methods of
mine premises construction, during performing of
industrial test the next parameters are monitored:
–– Time required for drilling of mine holes;
–– Time required to equip the holes and to
initiate the charging;
–– Time required for airing of work site after
blasting;
Volume 6 / Number 4 / 2011

–– Assessment blasted material granulometric
composition;
–– Distance of material rejection after blasting;
–– Survey of contours of cross section received
after blasting;
–– Survey of length of progression per one
cycle;
–– Remarks and comments of workers covered
by the exprement.
Accordingly to monitoring of parameters of
application of unconventional methods for construction of mine premises, a goal of experimental
industrial test is to enable understanding of the following results:
–– Effects of method application;
–– Real possibility of method applying in the
existing conditions;
–– Possibility for application of method from
the standpoint of personnel and technical
training of employees;
–– Method effects on security conditions in
construction of mine premises;
–– Economic results of method applying.
3.  Model testing in a specific conditions
Model testing of “Cardox” procedure applying
and profile blasting was performed “in site’ in the
pit of brown coal mine “Jasenovac”-Krepoljin.
In consultation with the producer, for industrial
testing in brown coal mine “Jasenovac”-Krepoljin,
a Cardox capsules type F57 and F57-L were used.
In order to understand real possibilities and results of applying of these unconventional methods
for construction of mine premises, results acomplished by construction of mine premises will be
presented further in this work.
Accordingly to needs of the mine for underground coal exploitation, a mine premises that
are most commonly being constructed during
opening, developing and excavation of coal, were
choosen.
In first part of industrial test for applying of unconventional methods of mine premises construction, only Cardox system is used during work, and
then it was combination of Cardox system and
profile blasting with classic explosive.
863
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After comparing the analytical and empirical
data, it was decided to try experimentally with a
separated explosive charging in sides and in top
soil, and to use classic reinforced mine charging in
foot wall segment.
4.  Analysis of obtained results
By using of unconventional methods in construction of mine premises through coal, the
achieved results confirms the validity of introducing this kind of mine premises construction.
By combination of applying of Cardox procedure and contour blasting, achieved resulst are
better than in classical mode of construction by
applying of drilling-mining work and they are the
following:
–– Time required for making (drilling) of mine
holes is decreased for 30%, because it needs
to drill, in average, a 6 mine holes less
regardless to shape of cross section profile
of mine premise;
–– By using of 1,30 kg to 1,80 kg of explosive
per cycle, it is decreased time needed for
airing of work site for more than 50%;
–– Time needed to equip the holes and to
connect the charging relatively to number of
charging is decreased (for 30%);
–– Contour blasting enables very precise
construction of the premise’s contours, so
the need for additional finishing is put to a
minimum. In addition, the outside contour
mining is negligible, so there is no need for
additional work on the sidewise support.
Considering these achieved results, increasing
of the dynamics of mine premises construction in
40% is real. By using of unconventional methods
for mine premises construction, it was achieved
dynamics of 70,00 m/month, as opposed to the
current 50,00 m/month.
In addition to these positive effects of applying of unconventional methods in construction of
mine premises, in the example of Floor hallway
EH-1 is evident a better capacity of built-in support and therefore a greater durability of the made
premise. And three years after the premise was
made, it was still in function, with minor visual
864

distortions of built-in support, comparing to sections made in classic way.
In picture 3. there is a chart that shows ratio of
used Cardox capsules and achieved percentage of
desired cross section of mine premise, while picture 4. shows a comparative diagram of obtained
coal fractions during underground premises construction.

Picture 3. Percentage of realization of cross section profile discharge

Picture 4. Comparation diagram of coal fraction
during construction of premises
5. Conclusion
Aim of this work was to determine a possibility
for applying of unconventional methods of underground premises construction in coal mines. For
conditions in coal mines with underground exploitation it was determined that it is possible to apply
combination of Cardox procedure for flameless
blasting and an adequate contour blasting.
During conducting of experiment of applying of unconventional methods for underground
premises construction, the following conclusions
were made:
1. An independent usage of Cardox procedure
in construction of mine premises is possible,
however, usage of a big number of capsules
in work site is needed which drastically
increases the price of construction, and
Volume 6 / Number 4 / 2011
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2.

3.

4.

5.

6.

in case of using of insufficient number of
capsules, significant additional works on
processing of profile are needed, which rises
the price and slows down the construction.
The best results were achieved by combining
of Cardox systems and classical explosive
mediums, used as an auxiliary medium for
processing of mine premises profile. For
construction of mine premises a contour
blasting is optimal, because of small quantity
of used explosive and oversized excavation
that is negligible. Out of contour excavation
was, depending on work site, from 3% to
9%, while in classic drilling work it could
reach up to 50%.
Decreasing of time for performing of certain
technological operations which spends most
of the time during construction (airing and
drilling of mine holes, smaller amount of
work in the loading) has enabled a faster
performing of work cycles, so the real
increasing of dynamics for mine premises
construction is 40%, from the current 50
meters to 70 meters per month.
Due to the characteristics of Cardox system
(releasing of carbon-dioxide only) so as
small quantity of used explosive (1,3 kg to
1,8 kg) a humanization of work place at the
top of the work site was made due to small
participation of nitrosated gases and small
dustiness, so the work on construction of
mine premises is easier.
Application of Cardox system and
contour blasting had drastically improved
granulometric composition of the mined
coal because larger commercial fractions
were obtained so the financial effects are
significant.
Stability of mine premises is appreciably
higher, which was proved in the construction
of Floor hall EH-1, where the section made
by unconventional methods had convincingly
smallest deformations of the support frames,
although sections were made in a very
difficult mining-geological conditions. That
significantly decreases costs for maintaining
of premise that is already made, respectively
permanisation costs which are very much
present in this mine.

Volume 6 / Number 4 / 2011

Considering all results of Cardox system and
contour blasting application, obtained during experimental work in real conditions and presented
in this paper, it can be concluded that the application of unconventional methods in our conditions
is possible, so it is realistic to insist on mass applying of this kind of mine premises construction
through coal, so as to apply this system of pit mine
premises construction in other coal mines with an
underground exploitation. Techno-economic indicators obtained as research results in the frame of
this work fully justify this claim.
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Abstract
The research, that have been done in the ore
of led and zinc, proceeds from the fact that present practice which lays on an angle of sharpening (most often 110) and one radius chisel’s blade
(most often 80mm), nevertheless on physical mechanical characteristics of the ore and accompanied rocks and it’s state I in percussion drilling,
can not give an optimal result in all working areas,
so it is necessary to do confirmation of the most
favorable parameters of geometry blade’s chisel
for every concrete case.
Within drilling in hard rocks and mineral raw
material, the one of the most important task which
is demanded is the achieving of the maximum
drilling speed with minimum technical – economical costs. To achieve these conditions, it is necessary to adjust drilling equipment with drilling
characteristics of rocks.
These researches are done, firstly from the need
to find out, in the same location, the most important parameters and their influence on drilling
speed for led and zinc ore.
Key words: ore, chisel, angle of sharpening,
drilling speed.
Introduction
In the contact with rocks and hard mineral raw
material, the working elements of constructional
plant are exposed to mechanical stress and a great
friction between the surfaces of constructional
plant’s material and the surface of constructional
area’s mineral constituents. As a consequence of
amplified friction between surfaces, there is a re866

moval of particles from the outstanding parts of
working element for drilling, which in shorter or
longer period of time results in changing of the
former geometric shape and dimensions of working element which means that there are dull blades,
reducing of working element diameter and falling
of it’s working capability.
In the scope of research which deals with improving of existing drilling technology, the whole
activity is developing in two basic directions: finding of drilling machine construction which will be
able to transmit all available energy to the front of
the drill with as less as possible losses and finding
out the drilling tools which will show high wear
resistance.
Construction of mine drill holes is done on the
principle of mechanical destruction of rock mass,
which is based on application of the load by dynamic impulse, which is realized by drilling chisel
and blade bit. All these are the reasons that the
problem of efficiency of drilling process is studied
according theoretical and empirical established
laws. These laws are established on the basis of
theoretical analysis and field research, the most
important drilling parameters, adapted to the project task and other concrete conditions.
Such researches are rarely done in our mine,
the only exception present the researches (1)
which have been done for ore in Copper mine
Bor, as well as the researches (2) which have been
done for Magnesite mine Cacak. The researches
(3) are related to static and dynamic scheme of
rock material destruction, while the researches (4)
are done with embossed bit for ore and rocks of
Copper mine Bor.
The determination of and optimal sharpening
angle of a chiesel bit and drilling rate was rarely
Volume 6 / Number 4 / 2011
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made in Serbian mines. A more organized and
comprehensive research in this field, in Serbia was
made by the autors of this paper, for the conditions
in mines of the Kopaonik and Bor, and Magnesite
mine Cacak. [1, 2, 3, 4].
In the Atlas Copco Tunneling and mining company was developed a mathematical model for
the performance of a tunnel boring mashine. This
paper complete description tunnel boring machine
tunneling rate, the tool consumption, the cost etc.
as output parameters when the tunneling proceeds
through rock with variable properties-stength and
the Cerchar abrasivity index [5].
The same autors give us very important information about rock mass and possibility of using
extended finite element method for analyze discrete discontinuities in rock mass [6].
More massive researches of ore and rocks of
Kopaonik massif are done by the author of this
written work, and the final results are enabling to
define very precisely the optimal angle of sharpening, maximum speed of drilling and to determine
the durability of drilling chisel for above mentioned working area.
There is, all over the world, the advantage of
drilling with embossed bit and star drill, because
they achieve much more specific scope of rocks
destruction and at the same time there is much
better drilling effect than drilling with bit with a
blade. Embossed bid and star drill have less specific consumption, which means that they realize less drilling costs comparing with bits with a
blade.
Conditions and organization of research in
“Zuta Prlina” mine
Together with recognition of this problem and
by the result of this work one try has been made
to determine the most important parameters for
percussion drilling which influence on the speed
of construction of mine drill hole, all for working
area of Zuta Prlina mine, in experimental way “in
situ” while drilling of the short mine drill holes.
The researches have been done on the horizons
N° - 1.080 m and N° - 1.130 m; in Zuta Prlina
mine shaft, 5 measuring sites on each horizons
have been chosen, which makes 10 representative
Volume 6 / Number 4 / 2011

measuring points in total. The drilling with middle hard jackhammer drills of a certain number of
mine drill holes of 1,4 m long, has been done on
each measuring point. These drillings have been
done till the sharpening of chisel, for different angles of chisel’s sharpening, which foresees: 90°,
100°, 105°, 110° and 120°, and with following
constant parameters:
–– pressure of compressed air of 6 . 105 Pa,
–– pressure of water of 2 . 105 Pa
–– working area of a certain mine
–– jackhammer drill with outrigger RK-28
–– integral steel with constant initial dullness
of chisel‘s head diameter d = 33 [mm],
–– number of drilled drill holes and
–– an operator of jackhammer drill.
The erratic drilling parameters that have been
measured during the research, for above mentioned constant parameters of striking drilling, are:
–– speed of drilling: V[cm/min],
–– change of dullness of chisel’s blade: b=b0-bi
[mm],
–– change of hard alloy height: h=h0-hi [mm],
–– change of diminution of chisel’s head
diameter: d=d0-di [mm] the
–– total number of drill hole till the chisel’s
dullness m[kom].
The measuring results of these erratic parameters are given in tables 1. and 2. For measuring
of abrasion intensity of erratic parameters on integral steels, a method of micrometer measuring has
been used during this research.
The drilling of drill holes in every measuring
point, has been done as much as it was necessary
to make chisel blunt. However, the certain number
of drill holes is used for static determining midpoint of erratic parameters.
On the basis of surveyed values of erratic parameters, their mid points are determined by the
static data processing. These values were used for
passing a resolution about determining the influence of a certain parameters on the speed of constructing the mine drill hole in researched conditions.
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Survey of methodology of statistical data
process
The research of the mentioned parameters of percussion drilling was not possible to overcome the
whole mining body but just one smaller part of it.
In concrete conditions, researches have been done
on the samples which present the representative
samples, taken from the basic mass of mining body.
The basic physical – mechanical characteristics
of working area – mining body 7/1, have been examined by laboratory procedures and their values are:
–– specific mass 3,25 [gr / cm3],
–– volume density 3,68 [gr / cm3],
–– compressive strength 110 [MPa],
–– tensile strength 9 [MPa],
–– flexural strength 15 [MPa],
–– cohesion 20 [MPa],
–– angle of inside friction 55 [o] and
–– modulus of elasticity 50.000 [MPa].
Due to the fact that, while examining the certain
parameters and on the basis of final results after testing on representative samples, it is necessary to estimate the characteristics of the basic mass and establish the accuracy of such estimation, so the theory of
sampling has been used within the data processing.
Within these examinations a great number of
measuring has been done under the same conditions, when the group of final data can be considered as representative sample of a great number of
measuring that could be done.
In every concrete case, there is a representative
sample where every sample contains the measuring results, that in total gives m x n = N data.
On the basis of arithmetic mean of finished experiments of some measuring spots it is possible
to calculate arithmetic mean of some parameters
by formula:
X=

X 1 + X 2 + X 3 + ⋅⋅⋅ + X m
m

. ............ (1)

The size of scattering results range around
mid-point is not the same in all the cases, but it
is changeable depending on the type of examined
sample and in mathematics statistics it is defined
by standard deviation:
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(X
S =±

i

-X

m -1

)

2

....................... (2)

where we have:
m – number of results in the whole sample,
more exactly in the basic mass,
X – arithmetic mean of a sample
Xi – value of a certain result sample
To find out what is the scattering results around
mid point in (%) a variation coefficient ( V ) is
used, defined with a formula:
V=

S
X

⋅10 0 [ % ] ........................ (3)

In the aim of checking the examination quality and limit estimation in which arithmetic mean
of mining body moves around arithmetic mean of
measuring points, a standard mistake ( SM ) of basic mass will be used, that is given by formula:
SM=

S
N

............................ (4)

Using of the previous formula, with one specified probability (t), the arithmetic mean of the basic mass (X) for the whole mining body, can be
defined as:
X = X ± t ⋅ S M . ........................ (5)
The estimation of arithmetic mean is usually
related with probability P=0,95 that uses the value
t=1,96 so this equation can be written in a concrete
case:
X = X ± 1, 9 6 ⋅ S M ...................... (6)
Using this formula makes possible to estimate
the mistake used in research of a certain parameters.
To check if there are any exception of measuring results in permitted limits the following formula is used:
W=

1, 9 6 ⋅ S M
⋅10 0 % ................... (7)
X
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Results of research and analyse of the obtained data
The measuring results of drilling speed change,
diminution of hard alloy plate, diminution of chis-

el’s head diameter, dullness of blade cutting edge
obtained in drilling process in mining body massive Zuta Prlina are given in the table 1.

Table 1. Results of variable parameters measurement in measuredsitess
Angle of Number of Mean velocity Diminution of chisel’s Diminution of Change of dullness of
Measured sharpening drill holes
of drilling
head diameter
hard alloy plate
blade cutting edge
site
β
n kom
V m mnt
∆d m
∆h m
∆b m

[]

Point
1
Point
2
Point
3
Point
4
Point
5
Point
6
Point
7
Point
8
Point
9
Point
10

90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
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[

]

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

[

]

62
65
68
63
59
58
67
72
60
59
67
76
85
62
69
64
73
95
69
60
78
87
91
82
76
59
65
69
62
60
57
62
73
64
56
61
67
82
71
65
73
81
85
83
71
61
63
73
60
59

[

0,46
0,40
0,37
0,41
0,43
0,42
0,39
0,35
0,37
0,46
0,50
0,48
0,41
0,42
0,52
0,42
0,47
0,38
0,36
0,49
0,44
0,39
0,45
0,35
0,40
0,45
0,41
0,42
0,36
0,42
0,52
0,42
0,40
0,40
0,48
0,51
0,49
0,37
0,42
0,53
0,51
0,51
0,37
0,39
0,43
0,42
0,48
0,46
0,34
0,42

]

[

0,44
0,32
0,27
0,26
0,37
0,37
0,26
0,22
0,32
0,34
0,43
0,26
0,29
0,31
0,36
0,41
0,32
0,25
0,24
0,31
0,50
0,35
0,71
0,81
1,10
0,46
0,34
0,29
0,33
0,38
0,50
0,30
0,27
0,28
0,32
0,41
0,28
0,27
0,28
0,30
0,40
0,26
0,31
0,29
0,31
0,35
0,31
0,26
0,26
0,36

]

[

]

0,91
0,76
0,72
0,78
1,13
1,16
0,99
0,93
1,05
1,17
0,83
0,82
0,75
0,87
0,93
0,89
0,73
0,72
0,77
0,99
0,88
0,78
0,73
0,81
1,12
1,16
1,11
1,05
1,05
1,22
0,99
0,84
0,76
0,77
0,98
0,82
0,75
0,66
0,68
0,89
0,98
0,89
0,82
0,86
0,93
1,11
1,04
0,98
1,02
1,15
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Results of examination of drill holes number
till the chisel’s dullness and results of diminution
hard alloy height at the complete chisel’s dullness

till 3 mm, as the final results of drilling works in
mining body massive in Zuta Prlina mine, are given in the table 2.

Table 2. Number of drill holes at the complete chisel’s dullness in measuredsitess
Measured
site
Point
1

Point
2

Point
3

Point
4

Point
5

Point
6

Point
7

Point
8

Point
9

Point
10

870

Sharpening
angle

Number of drill holes till the
chisel’s dullness

Diminution of hard alloy plate height at
the complete dullness till 3 mm

90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120
90
100
105
110
120

21
25
37
25
20
19
25
36
25
23
20
22
34
21
18
22
29
35
24
22
23
21
30
22
20
22
20
32
22
20
25
21
34
27
24
23
25
30
26
20
22
24
38
25
22
21
23
33
26
23

0,94
0,65
0,43
0,61
0,75
0,81
0,57
0,39
0,53
0,94
0,72
0,63
0,51
0,47
0,78
0,87
0,51
0,35
0,48
0,72
0,72
0,49
0,51
0,67
1,79
0,99
0,59
0,41
0,65
0,9
0,80
0,71
0,53
0,48
0,77
0,76
0,57
0,39
0,58
0,65
0,75
0,78
0,38
0,67
0,65
0,90
0,58
0,49
0,54
0,74

β []

n[kom]

∆h[m

]
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Statistical survey of mean value of drilling
speed, mean square deviation and variation coefficient, for different blade’s sharpening angles are
given in the table 3.
On picture 1. there is a graphical representation
of functional dependence of drill holes drilling
speed comparing with the angle of chisel’s cutting
edge sharpening.

Picture 1. Dependence of drill holes drilling
speed comparing with the angle of chisel’s cutting edge sharpening
Statistical survey of mean values of chisel’s
head diameter diminution, mean square deviation

and variation coefficient, for different chisel’s cutting edge sharpening are given in the table 4.
On picture 2. there is graphical representation
of functional dependence of drilling speed and
diminution of chisel’s head diameter comparing
with the angle of chisel’s cutting edge sharpening.

Picture 2. Dependence of diminution of chisel’s
head diameter comparing with the angle of chisel’s cutting edge sharpening
Statistical survey of mean values of chisel’s
cutting edge dullness, mean square deviation and
variation coefficient, for different chisel’s cutting
edge sharpening are given in the table 5.

Table 3. Main drilling speed
Sharpenig angle

Mean value of drilling speed

Mean square deviation

Variation coefficient

90
100
105
110
120

64
70
79
67
63

6,9
8,3
9,3
9,1
6,7

10,8
11,7
11,6
11,3
10,6

Mean value of head diameter
diminution

Mean square deviation

Variation coefficient

0,46
0,44
0,39
0,38
0,46

0,037
0,042
0,039
0,031
0,049

8,3
9,6
9,6
8,3
10,4

β []

V [cm min ]

± S [cm min ]

V [%]

Table 4. Mean values of chisel’s head diameter diminution
Sharpening angle

β []
90
100
105
110
120
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∆d [m

]

± S [m

]

V [%]
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Table 5. Mean values of chisel’s cutting edge dullness
Sharpening
angle

Mean value of chisel’s cutting
edge sharpening

Mean square
deviation

Variation
coefficient

90
100
105
110
120

0,97
0,87
0,81
0,87
1,04

0,13
0,12
0,12
0,13
0,11

13,5
14,2
15,2
15,7
10,5

β []

∆b[m

]

± S [m

]

V [%]

Table 6. Mean values of hard alloy plate diminution
Sharpening
angle

Mean value of hard alloy
plate diminution

Mean square
deviation

Variation
coefficient

90
100
105
110
120

0,41
0,30
0,27
0,29
0,34

0,053
0,035
0,025
0,038
0,034

12,8
11,6
9,2
12,0
9,8

β []

∆h[m

]

On picture 3. there is graphical representation of functional dependence of drilling speed
and chisel’s dullness comparing with the angle of
chisel’s cutting edge sharpening.

± S [m

]

V [%]

diminution of height of hard alloy plate comparing
with the angle of chisel’s cutting edge sharpening.

Picture 4. Dependence of diminution of height
of hard alloy plate comparing with the angle of
chisel’s cutting edge sharpening
Picture 3. Dependence of chisel’s dullness comparing with the angle of chisel’s cutting edge
sharpening
Statistical survey of mean values of hard alloy
plate diminution, mean square deviation and variation coefficient, for different chisel’s cutting edge
sharpening are given in the table 6.
On picture 4. there is graphical representation
of functional dependence of drilling speed and
872

Statistical survey of mean values of the drilled
length till the dullness of blade’s cutting edge,
mean square deviation and variation coefficient,
for different chisel’s cutting edge sharpening are
given in the table 7.
On picture 5. there is graphical representation
of functional dependence of drilling speed and
the drilled length till the chisel’s dullness comparing with the angle of chisel’s cutting edge
sharpening.
Volume 6 / Number 4 / 2011
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Table 7. Mean values of the drilled length till the chisel’s dullness
Sharpening
angle

Mean value of the drilled length
till the chisel’s dullness

Mean square
deviation

Variation
coefficient

90
100
105
110
120

30,5
32,9
46,2
34,0
29,6

2,36
3,75
4,04
2,80
2,62

7,70
11,4
8,74
8,25
8,80

β []

[m']

± S [m']

V [%]

Table 8. Mean values of reduction of hard alloy height at complete dullness
Sharpening
angle

Mean value of reduction of hard alloy
plate height at complete dullness

Mean square
deviation

Variation
coefficient

90
100
105
110
120

0,82
0,61
0,46
0,56
0,77

0,099
0,082
0,069
0,082
0,049

12,0
13,4
15,7
14,5
12,3

β []

∆h[m

]

± S [m

]

V [%]

all of them change in the function of change for
chisel’s sharpening. From the given tables, can be
seen, that during estimating of mean values of researched parameters one mistake has been made
in the borders of 7,70 to 15,70 % which is completely satisfactory for this kind of examination.

Picture 5. Dependence of the drilled length till
the chisel’s dullness comparing with the angle of
chisel’s cutting edge sharpening
Statistical survey of mean values of diminution
reduction of hard alloy plate at complete dullness
of chisel’s cutting edge, mean square deviation
and variation coefficient, for different chisel’s cutting edge sharpening are given in the table 8.
On picture 6. there is graphical representation
of functional dependence of drilling speed and
diminution of hard alloy plate height till complete
dullness of chisel’s blade cutting edge comparing
with the angle of chisel’s cutting edge sharpening.
While Analyzing the final mean values, for
certain researching parameters, it can be seen that
Volume 6 / Number 4 / 2011

Picture 6. Dependence of diminution of hard alloy plate height to complete dullness of chisel’s
cutting edge comparing with the angle of chisel’s
cutting edge sharpening
From the final graphical representation, the
next could be seen:
Drilling speed is different, at different angles
of chisel’ blade cutting edge sharpening. The
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maximum drilling speed is reached at the angle
of 105 [°].
The change of chisel’s blade dullness is different. In this case the optimal (minimal) value of this
parameter is reached while drilling at the angle of
chisel’s blade sharpening of 105 [°].
Diminution of chisel’s head diameter is different. Optimal (minimal) value of this parameter
is reached at the angle of chisel’s sharpening of
110 [°].
Diminution of hard alloy plate height is also
different. Optimal (minimal) value of this parameter is reached at the angle of chisel’s sharpening
of 105 [°].
The total drilled length to chisel’s sharpening is
different. Maximal (optimal) value of this parameter is reached at the angle of 105 [°].
Conclusion
In this work, the original results of researching parameter have been presented, and
they have influence on the speed of construction
of mining drill hole in function of chisel’s blade
cutting edge sharpening with constant water and
air pressure.
While analyzing the research results the next
conclusion has been made:
–– The Wear out of hard alloy plate by integral
steel is very erratic, for diameter the same
as for height, which depends on drilling
conditions.
–– The sharpening angle has a great influence
on the intensity of integral steel wear. The
choice of optimal angle of chisel’s sharpening
has influence on wear diminution as for hard
alloy plate height the same as for diameter.
–– The highest drilling speed in this examination
has been reached for chisel’s sharpening
angle of 105[°] and that is 79 [cm/min].
–– Minimal value of chisel’s blade dullness has
been reached at drilling at sharpening angle
of 105 [°]and that is 0,81 [mm].
–– Diminution of the hard alloy height is also
different and it depends on chisel’s blade
sharpening angle. Minimal value of chisel’s
wear is reached at the sharpening angle of
105[°] and that is 0,27 [mm].
874

–– Minimal value of reduction of chisel’s blade
diameter is reached while drilling with
chisel’s blade sharpening angle of 110[°]
and that is 0,38[mm].
–– Diminution of hard alloy height at total
dullness of 3 [mm] for different sharpening
angles is different. Minimal value of diminution of hard alloy height is reached at the
sharpening angle of 105[°] and that is 0,46
[mm].
On the base of the above presented facts, there
is a conclusion that among all of experimented
sharpening angles, the chisel’s blade sharpening
angle of 105[°] presents the optimal angle of chisel’s blade sharpening.
This paper is part of the project 33029, which is
supported by the Serbian Ministry of Science and
Technological Development.
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Abstract
Brainstem Auditory Evoked Response (BAER)
represents the electrical activity of the auditory
nerve associated to a stimulus. The recording
process of this signal is a challenging milestone
that requires the development of multidisciplinary
competences. Current medical devices able to record BAER are expensive and are not usually flexible enough for education purposes. This paper
presents a full description of a BAER recording
system designed and developed in our research
group. The performance of this system is evaluated by (a) the recording of a very low amplitude
synthesized signal similar in morphology to an
evoked potential, (b) an analysis of the quality of
the recordings in terms of the number of averaged
responses and (c) the recording of BAER from
eight normal hearing adults and an analysis of the
influence of intensity of stimulation over the biological responses. In addition, this paper proposes
the described BAER recording system to be used
as a teaching tool in the context of electronics engineering, telecommunication engineering, computer sciences, and audiology studies. The lowcost and open nature of this system is appropriate for education purposes. The BAER recording
system described in this paper has been used in a
laboratory session. The results obtained on a satisfaction survey given to the students reveal that the
use of experiential learning as pedagogical model
has a great impact on the motivation of students
and proves its efficiency to enhance retention and
876

improve cognitive skills. The educational advantages of our system in comparison to other biomedical devices are discussed on this paper.
Key words: Brainstem Auditory Evoked Response (BAER), evoked potentials, signal processing, laboratory, MATLAB, experiential learning.
1 Introduction
In the hearing process, the transmission of information from the inner ear to the primary cortical area involves the discharge of action potentials
along the auditory pathway. The electrical response
of the auditory system associated to a short stimulus show several waves that occur within the first
10 milliseconds after the presentation of a stimulus. These waves are known as brainstem auditory
evoked potentials and correspond to synchronous
discharges of action potentials from groups of neurons placed at different points at the auditory pathway [1]. Evoked potentials are identified by roman
numerals as proposed Jewett in [2]. The most extended application of Brainstem Auditory Evoked
Response (BAER) signals is the estimation of hearing threshold due to the non-invasive nature of the
process of recording and the independence from the
state of attention of the subject [1] [3].
Brainstem Auditory Evoked Potentials are recorded through the stimulation of the auditory system by presenting acoustic stimuli and the recording of the associated electrical response. This biological response is captured by surface electrodes
Volume 6 / Number 4 / 2011
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situated on the skin at different positions on the
head. A high amplification of the recording needs
to be performed due to the low amplitude of the
waves (usually less than 1 µV). This signal is contaminated by several sources of artifacts such us
neuro-muscular activity of the subject, noise associated to the amplifier and electromagnetic and radiofrequency interferences [4]. The methodology
used to reduce the effects of these artifacts is the
average of a large number of biological responses
in order to improve the signal to noise ratio.
Currently, there exist several clinical systems
able to record BAER. However, most of them are
not flexible enough for education purposes since
they only allow users to control a few parameter
settings, the use of artifact reduction techniques is
limited, and give no access to raw recorded data
[5] [6]. This paper presents in detail an inexpensive open BAER recording system. This system
provides a flexible control of the parameters: users are able to specify the intensity of stimulation,
set the analog to digital sample frequency, define
the stimulation technique, select the number of
biological responses involved in averaging, set the
band-pass filter settings, or implement advanced
artifact rejection techniques. In addition, this system gives total access to raw recorded data, which
means that advanced processing of data can be
implemented offline. Digital signal processing has
been developed in MATLAB (The Mathworks,
Inc.). This programming framework has been
proved to be efficient as a didactic tool [7].
Three experiments have been performed to test
the efficiency of the system. First, a very low amplitude digitally synthesized signal similar in morphology to an evoked potential has been recorded.
Second, an analysis of the quality of evoked potentials obtained by averaging a different number
of responses has been carried out. Third, BAER
from eight normal hearing subjects have been recorded at different intensities of stimulation and
an analysis of the latencies of the most important
waves is performed.
On the field of education, learning methodologies based on experiential learning can be employed as a complement of traditional textbookbased learning. This paper proposes the implementation and evaluation of a BAER recording
system as a teaching tool in a laboratory frameVolume 6 / Number 4 / 2011

work. The aim of this laboratory is to help students
understand specific concepts of audiology, analyze
the agents that influence evoked potentials, gain
experience on electronics instrumentation, improve analog and digital signal processing skills,
understand the effect of impedance and noise in
real life applications and learn adequate noise reduction processing methods. The performance of
the laboratory activities that compose the BAER
recording system is supported by the experiential
learning strategy [8]. A laboratory session has held
at the University of Granada in which the BAER
recording system described on this paper was used
to help students understand the most important
concepts and theoretical models studied in audiology lectures. The laboratory comprised the performance of several activities: (a) an introduction in
which the elements that compose the BAER recording system were presented, (b) the placement
of the electrodes on the head, (c) the recording of
BAER at different number of averaged responses
and (d) the recording of BAER at different intensity levels. A satisfaction survey of the laboratory
was given by the students.
The rest of the paper is structured as follows.
Section 2 describes in detail the hardware elements
and software modules that compose the BAER recording system. Section 3 presents results of the
evaluation of the system, confirming an adequate
performance. Section 4 points out the skills and
competences expected to be acquired by the students through the implementation of the activities of this laboratory and describes the laboratory
session performed at the University of Granada.
Finally, the main conclusions of this work are exposed on section 5.
2  System description
This section presents the description of the
system. The process of BAER recording and the
elements involved in this process are introduced
on section 2.1. Section 2.2 describes in detail the
hardware items of this system. The software modules that compose the digital signal processing of
this system are presented on section 2.3. Finally,
section 2.4 performs a cost analysis of the necessary materials to deploy this system.
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2.1 Recording of BAER
The system that we have developed uses a laptop including MATLAB, an external audio sound
card, an amplifier, a pair of headphones and computer routines that perform the digital signal processing. These elements are shown in figure 1.
The process of BAER recording is described on
the following steps:
1. A sequence of short bursts (see section 2.3.1)
is generated by the laptop for stimulation and
synchronization purposes. This signal is sent
synchronously through the left and right outputs
of an external Analog-Digital / Digital-Analog
(AD/DA) sound card. The right output of the
AD/DA sound card is connected to its left input,
so that the system can determine the exact
moment in which a stimuli is produced by the
recording of the synchronization signal. The left
output of the sound card is connected to a pair of
headphones (section 2.2.4), through which the
stimulation signal elicits the stimulation of the
auditory system of a subject.
2. The electrical response is collected by three Ag/
AgCl surface disc electrodes (see section 2.2.2).
The electroencephalogram (EEG) captured
by the electrodes is pre-amplified by a factor
G1 = 25, band-pass filtered (150 - 3000 Hz),
and amplified by a factor G2 = 130. Therefore,
the gain of the amplifier for the band-pass
frequencies is set at about Gamp = 3250 (70 dB)
(see section 2.2.1).
3. The filtered and amplified biological response
and the synchronization signal are synchronously
recorded by both right and left inputs of the
external AD/DA sound card. Both signals are
sampled at a frequency of 25 kHz and stored
using 24 bits of quantization (see section 2.2.3).
4. The final step is digital signal processing.
This stage includes the scaling of the input
signal (section 2.3.3); the synchronization of
the biological response with its corresponding
stimulus; the average of auditory responses (see
section 2.3.5) and the use of other additional
features to enhance the SNR ratio of the evoked
potentials or reach other advanced functionalities
(see section 2.3.4).
5. Users have total access to raw data and a flexible
control of the parameters following a few steps
878

on the interactive multimedia interface (see
section 2.3.6).

Figure 1. General scheme of the system.
2.2 Hardware system
This section describes the hardware elements
involved in the process of BAER acquisition.
These components are amplifier, electrodes, AD/
DA sound card and headphones.
2.2.1 Amplifier
The low amplitude of BAER signals imposes
an amplification of about 70 dB in order to be recorded by the AD/DA sound card. The amplification of this signal is performed through a biopotential amplifier that is described on this section.
Figure 2 shows the electronic circuit diagram of
the amplifier.
The amplifier comprises four stages: preamplification, band-pass filtering, amplification and
active ground circuitry. Preamplification provides
a moderate gain in order to adapt the input signal and prevent saturation on later stages. Bandpass filtering stage is designed to eliminate those
frequencies out of the scope of the evoked potentials, amplifying only the band of interest (1503000 Hz). Amplification is performed when the
input signal is adapted and filtered, reaching the
desired level of amplitude. The active ground circuit increases the Common Mode Rejection Ratio (CMRR). Electric networks generate an electric field that can be induced on the amplifier, on
cables and on the subject, producing a common
mode voltage in the subject. In case the subject
is connected to ground, the common mode voltage would be the multiplication of the impedance
of the electrode and the induced current, which
Volume 6 / Number 4 / 2011
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Figure 2. Electronic circuit diagram of the amplifier
would flow to ground only through the subject because of the high input impedance of the amplifier.
Common mode voltage is amplified, inverted and
inserted back into the subject by the active ground
circuit, performing an important reduction on the
common mode voltage.
Preamplification and amplification stages are
based on the instrumental amplifier INA128 (Texas Instrument). This differential amplifier has been
chosen because of its high CMRR (120 dB), low
power, low noise voltage ( 8 nV / H z ), an easy
control of the gain, and a lineal behavior of the
gain and CMRR on the band of interest. Band-pass
filtering stage is composed of four second order
Sallen-Key filters (2 x high-pass & 2 x low-pass).
Operational amplifiers used on band-pass filtering
and active ground stages are OPA227 (Burr-Brown
from Texas Instrument). OPA227 is characterized
of a very low noise voltage ( 3 nV / H z ), high
CMRR (130 dB) and high precision.
The Bode diagram on figure 3 presents the frequency response of the amplifier. Linearity of the
amplifier has also been studied. A sinusoidal input
signal was inserted on the amplifier with the intention of obtaining a slightly saturated output signal.
The frequency of the input signal (1.167 kHz) was
chosen in order to avoid delay on the output signal. 5 milliseconds of both input and output signals
were recorded. Figure 4 displays the X-Y graph of
the experiment. Linearity of the amplifier can be
analyzed on this figure. This figure confirms that
the behavior of the amplifier is especially lineal
when the input signal is bounded within the range
[-500 +500] µV, a common situation on this application considering that the input signal when
recording BAER do not usually exceed 10 µV.
Volume 6 / Number 4 / 2011

Figure 3. Bode diagram of the amplifier

Figure 4. Linearity study. X-Y graph
2.2.2 Electrodes
Auditory brainstem potentials are recorded using surface electrodes placed at different positions
on the head. Electrodes perform the function of
transforming ionic currents (mechanism of con879
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duction of bioelectrical signals on tissues) into
electrical currents. Electrodes commonly used on
the field of BAER acquisition are silver - silver
chloride (Ag/AgCl), composed by a silver conductor (electrode) immersed into a silver chloride
salt dissolution (electrolyte). When the electrolyte
is rich on chloride ions, its impedance is near to
linearity. Electrolyte is used, therefore, as a mean
of union between the electrode and the skin. Electrolytic paste is used between the skin and the
electrode in order to reduce impedance.
Since electrodes are the first elements on signal
acquisition, noise generated at them is of high importance. Contact impedance between electrodes
and skin must be minimized in order to reduce the
noise affecting the recorded signal. It can be done
by the elimination of layers of grease and dead
cells. These layers can be removed by a softly
scrape of the skin.
Positioning electrodes on the head plays an important role. Figure 5 shows the correct position.
Active electrode is placed in vertex, in middle line
near hairline. Reference electrode is set on the
contralateral mastoid, due to its low innervation
and poor muscular tissue. Active and reference
electrodes are connected to the differential input
of the amplifier. Ground electrode is placed on
the forehead, in middle line. This electrode acts
reducing the common mode voltage gain.

reaching a very high resolution level; nevertheless, the use of 16 bits of quantization is also permitted in case it is desired to reduce the size of
the file for its later processing and storing. Table
1 presents the main features and parameters of the
AD/DA sound card set for this application.
Table 1. Features of the AD/DA sound card.
Feature
Sampling rate
Input range
Output range
Bits of quantization
Input resolution

Value
25 kHz
-3V / 3V
-2.5V / 2.5V
24
1.36 V

2.2.4 Headphones
Headphones act as an electro-acoustical transducer, transforming the electrical energy of the
stimulation signal into acoustical energy (sound)
that stimulates the auditory system of the explored
subject. Monaural stimulation of the auditory system of a subject is provided. Circumaural standard
headphones have been chosen for this application
in order to reduce the effect of the background
noise in the recording room.
2.3 Software system
This section describes the digital processing
steps necessary for the recording of brainstem
evoked potentials. Figure 6 shows a diagram of
the software modules involved in this process.

Figure 5. Position of electrodes on the head.
2.2.3 AD/DA sound card
An external sound card has been chosen to act
as interface between the digital and analog systems.
This type of devices has the advantage of simplicity
and a better performance than most of sound cards
integrated on laptops. The external sound card is
connected to the laptop through the USB port.
Sampling rate has been set on 25 kHz in order
to prevent aliasing. 24 bits of quantization allow
880

Figure 6. Software modules diagram.
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2.3.1 Stimulation & synchronization signal
generation
The aim of the Stimulation & synchronization
signal generation module is the generation of the
signal responsible for (a) the stimulation of the auditory system of a subject and (b) the synchronization process. The stimulation & synchronization
signal is composed of a train of short bursts each
one consisting on a biphasic click. Biphasic clicks
provoke a synchronous discharge of a large number of hair cells due to its short duration (200 µs)
and its wide frequency spectrum. This fact makes
easier the identification of the biological response.
Parameters like stimulation rate, intensity and
number of stimulus considered for averaging can
be controlled by the user.
2.3.2 Stimulation & Acquisition
The Stimulation & Acquisition module performs synchronously two actions: (a) the reproduction of the stimulation & synchronization signal through the left and right outputs of the AD/
DA sound card; (b) the recording of the synchronization signal and the electroencephalogram (EEG)
by the left and right input of the AD/DA sound
card respectively. By default, sampling frequency
is set to 25 kHz and the system uses 24 bits of
quantization; nevertheless, users can change these
parameters in order to control the precision of the
recordings.
2.3.3 Scaling
A scaling process is required to measure the
amplitude in volts of the brainstem auditory
evoked potentials. Figure 7 shows a scheme of the
elements involved in the process of scaling. AR
represents the amplitude in volts of the raw electroencephalogram recorded by electrodes. GA is
the gain of the amplifier. Therefore, the amplitude
in volts of the signal after amplification (AV) is AV
= AR*GA. AX represents the non-dimensional signal after sampling. The gain of the sound card in
the process of conversion from analog to digital is
represented by GS. This gain is related to the level
Volume 6 / Number 4 / 2011

of intensity of the input line in the audio settings
of the laptop. Medium intensity level is recommended. The function of the module Scaling is to
convert the recorded signal AX into its corresponding real value in microvolts. This procedure is performed according to equation 1.
Vcalibr at ed ( µ V ) = AX *

1
1
*
*10 6 ... (1)
GS GA

The process of scaling requires the system to
be calibrated. The calibration of the system consists of determining the value of GS and GA. The
gain of the amplifier for the band-pass frequencies
(GA) is obtained directly from the Bode diagram.
The gain of the AD/DA sound card (GS) can be
measured by the recording of a few waves from a
sinusoidal signal whose maximum value in volts
is known (Vhi) and the correlation with its corresponding recorded value (Xhi), as the following
formula indicates: GS = Xhi / Vhi.

Figure 7. Parameters involved in the scaling and
calibration process
2.3.4 Advanced digital processing
The process of recording BAER involves the
“Advanced digital processing” step. This module incorporates optional high-level functions to enhance
the SNR of the evoked potentials, such as digital filtering, the implementation of artifact rejection techniques or any other operation over the EEG.
2.3.5 Synchronization, Average, Display and
Storage
The module “Synchronization” uses the recording of the synchronization signal to determine
the samples on the EEG where stimulation occurs.
The “Average” module computes the mean of the
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auditory responses. The function of “Display” is to
visualize the result in a suitable scale. The “Storage” module saves the result and other important
parameters into a file.
2.3.6 User interface
The process of BAER recording can be managed from a Graphical User Interface (GUI). This
interactive framework allows a non-experienced
user to record evoked potentials following systematically a few simple steps. Programmers can
design the structure of this multimedia platform
and include any parameter that involves the process of BAER recording using the MATLAB
Graphical User Interface Development Environment (GUIDE). This tool simplifies the process of
designing GUIs.
Figure 8 presents an example of GUI. On this
figure, the first step is the generation of the stimulation & synchronization signal. Parameters like
the number of stimulus, the stimulation rate and
intensity level of stimulation can be controlled.
Relevant information like the period of the stimulation signal and the duration of the test are displayed on the screen. On this platform, users can
also visualize the evoked potentials and choose
the name of the file where results are stored.

this table since they are common elements of any
signal processing laboratory. The price list considered as reference to build this table was taken from
a well-known international electronics supplier.
This table points out that the cost of the system for
BAER recording described on this section is much
lower than other standard medical devices, whose
price can reach several thousands of dollars.
Table 2. Rough cost of the hardware elements of
the BAER recording system.
Amplifier electronics
Reusable electrodes and
electrolytic paste
Circumaural headphones
External AD/DA sound card
TOTAL

Rough cost
200 $
200 $
30 $
50 $
480 $

3.  Assessment of the system
Three experiments have been performed in order to check the viability of the system. First, a
synthesized signal similar in shape and amplitude
to a biopotential has been recorded. Second, the
minimum number of averaged responses in order
to obtain recordings with enough Signal to Noise
Ratio (SNR) to identify the main waves of BAER
is analyzed. Third, brainstem evoked potentials
have been recorded from eight normal hearing
adults and biological conclusions have been obtained through an analysis of the latencies of the
main waves of BAER.
Recording of a pseudopotencial

Figure 8. An example of front-end of the system
2.4 Cost analysis
Table 2 shows a rough cost of the necessary
materials to set up the biometric signal processing laboratory proposed on this paper. The laptop
and the license of MATLAB are not included in
882

Figure 9. Elements involved in the process of recording a pseudopotential
The aim of this experiment is the simulation of
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the recording of a brainstem auditory evoked potential. Figure 9 schematizes the connections of the
necessary elements to perform this experiment. A
signal of a similar morphology to a BAER has been
digitally synthesized. Figure 10 shows the “pseudopotential” that we have designed for this purpose. A
high stimulation artifact is introduced on the pseudopotential to test a possible saturation of the amplifier. A burst of pseudopotentials (VA) and a synchronization signal (VS) are synchronously sent through
both left and right outputs of the AD/DA sound card
(Figures 10 and 11). The amplitude of the pseudopotential has been reduced by a voltage divider of a factor 105. Zout represents the output impedance of the
source since the input impedance of the amplifier is
considerably higher (1 MΩ). The output impedance
simulates the contact impedance of the electrodes
with the skin. The noise of the input signal of the
amplifier increases along with the output impedance
Zout. The burst of low-amplitude pseudopotentials is
amplified, recorded by the AD/DA sound card, and
digitally processed following the same procedure as
obtaining BAER (section 2.3).

Figure 10. Synthesized pseudopotential
On this experiment, the amplitude of the wave
V on the burst of pseudopotentials in VA was 50
mV in order to have 0.5 µV after the voltage divider. The output impedance was set on Zout = 4.7 kΩ,
simulating a common contact impedance between
electrodes and skin. The recorded pseudopotential
is shown in figure 12. Digital blanking was used
to eliminate the effect of the stimulation artifact.
No saturation of the amplifier was observed. Although there exist some differences in morphology
Volume 6 / Number 4 / 2011

in comparison to the synthesized pseudopotential
(figure 10), every wave on the recorded pseudopotential have been retrieved, remain on the same
latency and are easily identified. This fact entails
that the system is able to record signals of amplitudes lower than 1 µV.

Figure 11. The burst of pseudopotentials (VA) and
the synchronization signal (VS) are sent synchronously through the left and right outputs of the
AD/DA sound card

Figure 12. Retrieved pseudopotential
SNR analysis
Suppression of non-synchronous artifact is
based on the average of biological auditory responses. A large number of responses increases
the signal to noise ratio, but extends the necessary
time for recording. Therefore, we have performed
an analysis to find the appropriate number of averages that leads to high quality recordings spending
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a reasonable exploration time.
Figure 13 presents recordings of BAER obtained from a normal hearing adult at an intensity
of 70 dBnHL by averaging different number of responses. This figure shows that the quality of the
recordings improves as the number of responses
increases. The main waves of BAER begin to be
identified from the average of 200 responses and
are easily recognized from 1000 responses. This
fact suggests that 1500 is a suitable number of averages to be able to distinguish the main waves
of BAER, reaching a balance between recording
time and quality of the recordings.

Figure 13. Brainstem auditory evoked potentials.
Influence of the number of biological responses
considered on average
BAER analysis from a group of subjects
Figure 14 displays BAER at different intensi-

ties of stimulation recorded over eight normal
hearing adults of both sexes, aged between 23
and 33. Intensities of stimulation involved on this
study are 10 dBnHL, 30 dBnHL, 50 dBnHL and
70 dBnHL. Interstimulus interval was set on 25
milliseconds. These signals have been obtained
averaging 4000 responses in order to increase the
quality of the recordings.
Figure 14 highlights the variability of the
evoked potentials related to amplitude, latency
and morphology of the waves. These differences
among subjects are normal [9]. Changes on intensity of stimulation affect amplitude and latency of the peaks, as shown on figure 14. A reduction on the intensity of stimulation produces
a decrease in the amplitude of all components of
auditory evoked potentials, especially on wave I.
The decrease on the amplitude of wave V occurs
more slowly, a fact that is used to find the hearing
threshold of a subject. The decrease on intensity
of stimulation also causes an increase on the latencies of the waves.
The latencies of the main waves of the evoked
potentials of figure 14 are presented on table 3.
Wave V can easily be identified at 70, 50 and 30
dBnHL; but on some subjects, wave III does not
appear at low levels. The standard deviation (table
3) shows that the variability of latencies among
subjects is small. The mean values on the same
table expose that latencies increase as intensity of
stimulation decrease.
The influence that intensity of stimulation has
over latencies of BAER waves has been analyzed
through a statistical hypothesis test. Latencies of

Table 3. Mean, standard deviation and p value of latencies III, V and interpeak latency III-V
Intensity (dBnHL)
Subject 1
Subject 2
Subject 3
Subject 4
Subject 5
Subject 6
Subject 7
Subject 8
Mean
Standard deviation
p - value
884

70
3.88
4.00
4.04
4.04
3.90
4.08
3.88
3.68
3.94
0.13
-

Lat III (ms)
50
4.16
4.50
4.68
4.06
4.28
4.28
3.96
4.27
0.25
0.0053

30
4.88
4.88
5.32
4.76
5.12
5.12
5.01
0.20
5·10-8

70
5.76
6.04
5.96
6.20
5.88
6.00
5.98
5.64
5.93
0.17
-

Lat V (ms)
50
6.12
6.24
6.20
6.48
6.12
6.20
6.20
5.92
6.18
0.16
0.0083

30
6.88
7.00
6.76
7.30
6.72
7.00
7.06
7.16
6.98
0.19
2·10-8

70
1.88
2.04
1.92
2.16
1.98
1.92
2.10
1.96
1.99
0.09
-

Lat III-V (ms)
50
30
1.96
2.00
1.70
1.88
1.80
1.98
2.06
1.96
1.92
1.88
1.92
1.94
1.96
1.90
1.94
0.12
0.05
0.12
0.23
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waves III, V and interpeak latency III-V at 70
dBnHL have been chosen as reference. The significance level has been set on 0.05, according to
many biostatistics applications [10]. The p-values
shown on table 3 indicate that intensity of stimulation is a conditioning factor that influences the latency of waves III and V. On the other hand, there
is no clear evidence that intensity of stimulation
affect the interpeak latency III-V. Several studies
support this result [11-12].

Figure 14. Brainstem auditory evoked potentials
recorded over eight normal hearing adults. Influence of intensity level of stimulation.
Volume 6 / Number 4 / 2011

4. Educational approach
The use of new technologies in education is a
transversal competence that is being promoted by
the application of the European Space for Higher
Education of the Bologna Declaration. The system
described in this paper aims to immerse students
into a real-world laboratory exercise with a significant impact on their education. The development of
the system for BAER acquisition described on this paper is
especially addressed to technical profile students with an
approach to biomedical applications. A basic knowledge
on the fields of audiology,
electronics, signal processing theory and programming
skills in MATLAB is required
as background education. If
necessary, an overview on
any of these matters should
be provided to students before starting the lab activities.
This laboratory suits perfectly on last years of degrees
in electronics engineering,
computer sciences, biomedical engineering and telecommunication engineering. This
laboratory may also fit well
in specific masters such as
bioengineering and medical
physics, multimedia systems,
neuroscience, biomedical instrumentation and Ear, Nose
and Throat (ENT) studies.
This laboratory will help students gain specific skills and
competences depending on
their field of study. Furthermore, they will have the perspective of being involved in
a multidisciplinary project.
Electronics engineering
students are expected to (a) design and implement
a low noise & high gain instrumental amplifier;
(b) calibrate the system and (c) characterize the
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amplifier in terms of its frequency behavior, linearity, consumption, noise spectral density and
noise power as a function of the impedance of the
source. These activities will help them improve
their ability on the field of biomedical instrumentation, learn to specify the performance of a lineal
system through its electronic characterization, understand the importance of the input and output
impedances of the electronic modules and the relevance of an adequate treatment of noise. Moreover, electronics engineering students will also
start to be familiar to analog and digital advanced
signal processing techniques and the process of
biological signals recording.
The activities of telecommunication engineering
students will be focused on (a) signal acquisition;
(b) configuring of the audio settings on the process
of AD/DA conversion performed by a sound card,
such as the sampling rate or the number of bits of
quantization; (c) the estimation of the quality of a
biological recording in terms of SNR; (d) digital
filtering of the electroencephalogram; (e) the averaging of biological responses and (f) the use of advanced artifact rejection techniques. These students
will also interact with the electronics of the system
and will realize that their work contributes to the
development of a biomedical application.
Computer sciences students will program the
digital signal processing routines designed by
telecommunication engineering students that are
necessary for recording BAER. On these laboratory sessions, students will make progress on their
programming skills using MATLAB, learning new
functions useful for other disciplines. Furthermore,
computer sciences students will design and program a Graphical User Interface, so that medical
doctors and other users of non-technical education
profile are able to record auditory evoked potentials.
The development of these laboratory activities will
make computer sciences students be more aware of
the relevance of electronics and signal processing
on an application with a clinical purpose.
The main role of students of audiology is the
recording and the analysis of brainstem auditory
evoked potentials. Audiology students will apprehend the influence that factors like stimulation intensity or stimulation rate has over the amplitudes
and latencies of BAER. In general terms, these students will gain a better understanding in audiology,
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and more specifically, on the hearing process. These
students are expected to perform statistical hypothesis tests to propose biological conclusions and
give a physiologic interpretation of the results. This
activity will help students enlarge their experience
in statistical tests to reach conclusions with a certain
confidence interval. This laboratory will also make
students understand the process of BAER recording
in detail and be more aware of (a) the importance
of electronics, (b) the importance of a correct electrodes placement in order to reduce the output impedance of the signal source, (c) the large number
of possibilities and new functionalities that the digital signal processing offers and (d) the importance
of a friendly interactive user interface.
The assessment of the system is also a laboratory activity with a high educational approach.
It can be performed not only by recording brainstem auditory evoked potentials from a subject,
but also simulating the recording of a digitally
synthesized signal with similar shape to a biopotential, i.e. a pseudopotential. The successful
recording of a low-amplitude pseudopotential is
a challenging laboratory activity. This activity
requires no electrodes placement and gives students a high degree of freedom: (a) the shape of
the pseudopotential can be digitally synthesized
in MATLAB; (b) the amplitude of the pseudopotential can be controlled by the output level of the
signal and by the voltage divider; (c) extra noise
can be added to the signal by increasing the output impedance Zout or by digital means, where users can also control its spectral distribution; and
(d) other parameters like the sampling rate, the
number of bits of quantization and the number of
responses considered for averaging can also be
controlled.
The pedagogical methodology proposed to
achieve the goals of this lab is experiential learning. This didactic strategy is founded on the gain of
knowledge directly from experience [8]. It is well
known that experiential learning activities develop
a better understanding of a subject, enhance retention and improve cognitive skills [13]. The mission
of teachers is to help students organize their ideas,
schedule the milestones to complete, lead them to
solve specific technical problems and evaluate their
results and motivation. This way of learning creates
an educational environment that encourages stuVolume 6 / Number 4 / 2011
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dents to be committed with this experience.
The system described on this paper can be used
as an educational tool. Furthermore, because of
its open nature, it can also be used for research
to investigate the process of hearing and other advanced auditory features. Indeed, this system has
already been successfully used obtaining BAER at
high rates of stimulation [14].
Assessment of the proposed educational
approach
A laboratory activity was performed on the Master of Multimedia Technologies framework at the
University of Granada (Spain). This master provides education in digital processing methods of audio and video signals, audiology, the development
of man-machine interfaces, etc. Students enrolled
on this master come usually from technical profile
degrees such as computer sciences, electronics engineering and telecommunication engineering. The
laboratory session was held after twelve hours of
lectures in audiology in which students learnt about
anatomy and physiognomy of the auditory system,
the process of recording otoacoustic emissions and
brainstem auditory evoked potentials, the use of auditory evoked potentials for clinical diagnosis, etc.
The aim of the laboratory was to involve the students in a BAER recording session and help them
consolidate the most important concepts studied on
lectures. The lab comprised the performance of four
activities. Activity 1 consisted of a short introduction
in which the elements of a BAER recording system
were presented and the types of noise that affect the
recording of BAER were theoretically analyzed.
Activity 2 entailed the placement of the electrodes
on the head of a subject and the connection of the
hardware elements of the BAER recording system:
laptop, external AD/DA sound card, headphones and
amplifier. Activity 3 involved the recording of biological responses associated to 2000 acoustic stimuli
and the presentation of BAER at different number of
averaged responses: 50, 100, 200, 500, 1000, 1500
and 2000. Activity 4 performed the recording of auditory evoked potentials at the stimulation levels:
10 dBnHL, 30 dBnHL, 50 dBnHL and 70 dBnHL.
Nine students participated on this laboratory.
Students were asked to answer a test of knowlVolume 6 / Number 4 / 2011

edge before and after the laboratory session. This
practice pursued a double intention: on one hand,
the contents learned by the students were evaluated before and after the laboratory; on the other,
the initial test prepared the students for the kind
of education expected to receive on the laboratory
session, helping them focus their attention on the
most important contents and therefore, increasing
their motivation and interest. The questions that
composed the test of knowledge are presented on
table 4. Figure 15 shows the percentage of correct
answers to the questions of the test of knowledge
before and after the laboratory session. Partly correct answered questions count half of the value of
a correct answer. Figure 15 shows that students
have given more correct answers to the questions
of this test after the performance of the laboratory
activities than before. Every question has been
correctly answered by more than 70 % of the students on the test after the laboratory session.
Table 4. Questions of the test of knowledge.
Tag
Q1
Q2
Q3
Q4
Q5

Question
What are the main elements involved in
a standard BAER recording system?
What is the correct placement of electrodes on the head?
What is the methodology used to reduce
the effect of non-synchronous artifact?
What types of artifact commonly affect
the recording of BAER?
What is the influence of the intensity level on the amplitude and latency of the
waves of auditory evoked potentials?

Figure 15. Test of knowledge results. This figure
shows that the percentage of correctly answered
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questions increase after the laboratory session.
Finally, students were asked to complete a satisfaction survey in order to evaluate the efficiency of
the laboratory. This evaluation was performed by
the measurement of the level of agreement of the
students to different statements. Statements and results of this survey are presented on table 5. Level
1 corresponds to “I strongly disagree” and level 5
to “I strongly agree”. Column “evaluation” on table
5 shows the mean and standard deviation of the
evaluations of the students. In general terms, table
5 evidences that the laboratory had a high level of
acceptance by the students. This table also shows
that the students think that the laboratory session
was useful to help them understand important concepts studied in lectures, that the laboratory was
interesting and that they would recommend it to
other audiology and bioengineering students. Students were also asked about their personal opinion
of the laboratory, giving answers such as: “practical
exercises favor a better comprehension of theory”,
“my participation in this laboratory has helped me
understand and remember the things explained in
lectures” or “this lab makes easier the understand-

ing of theoretical models studied in class”.
5. Conclusion
This paper proposes the implementation and
assessment of a flexible, low cost and high performance system for acquisition of Brainstem Auditory Evoked Response (BAER). This system is
proposed to be used as a didactic tool for the study
of auditory evoked potentials in a biomedical,
electronics and signal processing laboratory. The
hardware and software elements that compose the
recording system are thoroughly presented to describe the process of implementation. In order to
verify that our system is capable of recording biological responses, a low amplitude pseudopotential
was successfully recorded. The improvement of the
quality of the BAER signals as the number of responses increases has been evaluated. In addition,
BAER from eight normal hearing subjects were recorded at different levels of stimulation. The influence of the level of stimulation over the latencies of
the main waves was statistically evaluated, reaching conclusions consistent with other studies.
Although there already exist other medical devic-

Table 5. Satisfaction survey results. The evaluation column represents the mean and standard deviation of the level of agreement of the students to each statement. Level 1 corresponds to “I strongly disagree” and level 5 to “I strongly agree”
Statement
This laboratory helped me understand the overall performance of a standard
BAER recording system
Thanks to this lab, I learned the correct placement of the electrodes on the head
to record BAER.
This laboratory helped me understand the different types of artifact involved
in the recording of evoked potentials, as well as the digital signal processing
methods used to reduce their effect.
I grasped the way in which the number of averaged auditory responses affects
the quality of the recorded BAER.
This laboratory helped me assimilate the effect that the level of intensity has on
the amplitudes and latencies of auditory evoked potentials.
In general terms, the contents of this laboratory were presented in a suitable and
systematic way.
This laboratory session was interesting.
The level of difficulty of this lab was appropriate.
My motivation and interest in the subject has increased after this lab.
I recommend this laboratory to other audiology and bioengineering students
I consider that the concepts entrenched on this lab are useful for other audiology
and bioengineering students.
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Evaluation
Mean

Std. Dev.

4.6

0.5

4.7

0.7

4.0

0.7

4.3

0.7

4.3

0.7

4.1

0.6

3.9
4.6
3.5
4.4

0.9
0.5
0.5
0.7

4.3

0.5
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es able to record BAER, most of them are expensive
and suffer from a lack of flexibility, making them inappropriate for education purposes. The laboratory
we propose is especially addressed to technical profile students from degrees such as electronics engineering, telecommunication engineering, computer
sciences and audiology studies. The development
of the activities that compose this BAER recording
system in a signal processing laboratory presents
several educational advantages. The pedagogical
model proposed to be followed is experiential learning, in which students learn basically from their own
direct experience. This approach intends to help
them comprehend complex concepts and improve
retention. A laboratory session was performed on
the Master in Multimedia Technologies framework
at the University of Granada. This laboratory session comprised the performance of several activities
that, according to the self-evaluation given by the
students, helped them understand, assimilate and
consolidate theoretical concepts studied in lectures.
One of the contributions of this article is to provide
the necessary knowledge to implement and evaluate
a high performance, low-cost and flexible BAER
recording system. The results of this work suggest
the use of the described BAER recording system as
a didactic tool in an audiology, electronics and signal
processing laboratory framework because of its lowcost and open nature. The laboratory experience and
the analysis of the satisfaction survey results show
the educational utility of our system and confirm that
an educational strategy based on experiential learning contributes positively to the comprehension and
consolidation of knowledge by the students.
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Abstract
This article is seen as a base for development
of urban co-design interfaces like visual digital 3D
city models to enhance public participation in local urban projects and to be also used as communication and collaborative tools in urban design.
Presented research aims at developing visual
digital 3D city models to enhance public participation in local urban projects and to be also used
as collaborative tools in urban design. Digital urban city models are created with the objective of
helping urban designers, planners, investors and
government in their decision-making processes, to
make the communication and collaboration with
the lay public easier. The article firstly addresses the problem of the diversity of views of city
models and consequently the way of combining
information you can get from each view by shifting between different views (between pedestrian,
intermediate and bird view). This article is seen as
a base for further development of communication
and collaborative tools for public participation in
urban design which will involve multiple channels
used to introduce, inform and involve people in
urban design debates. Secondly, the article points
out that digital city models, presented from multiple views and being part of a more complex collaborative tool could also be an educative element,
where the lay public could be educated in urban
design and the profession could learn something
from lay public too - together they can design a
shared urban vision. Finally, we will discuss our
experience with the Urban Experimental Lab and
plans for the future.
Key words: 3D city model; urban experimental
lab; public participation; education; urban design.
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1. Introduction
Public participation is a collaborative activity;
different participants (experts and lay public) should
come together, communicate, exchange their ideas,
and develop common urban visions. Traditional
participation has moved towards its virtual alternative, where participants do not need to share their
physical space together at the same time (no time
or place limitations). The main focus of this article
is to explore the ways of presenting the digital city
model, so it would be suitable for everyone, for lay
public on one side and experts on another.
This paper deals with visual digital collaborative tools for public participation in urban design.
First it addresses the problem of the diversity of
skills and knowledge levels of all the actors involved. The article addresses the issues related
to the exploration of digital city models (Jutraž,
Zupančič, 2010), and focuses on the specific offer
of the Urban Experimental Lab (Voigt, Kieferle,
Wössner, 2009), developed for public participation in urban design. It shifts the research focus
towards the questions of educating both lay and
different professional public through this process. Public participation in urban design is seen
as an opportunity for lifelong urban design learning, offering a wide variety of different actions,
problems and educational elements. All the participants are expected to improve their knowledge
levels through participating in the design process.
Urban Experimental Lab (later: Lab) represents twenty years of researching digital cities to
support urban planning, dealing with real time interactive simulations, decision-making processes,
urban reconstruction and urban archaeology, etc.
The Lab is located at Vienna University of Technology; it is consisted of two adjacent seminar
rooms, divided with flexible big projection screen.
Volume 6 / Number 4 / 2011
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In the “projection room” there is an active stereo
projector attached to the ceiling. VR-simulation
environment enables visualization, simple walkthrough, direct interaction with the models, visualization of semantic information, interactive
simulations, etc. Its desired research field is urban
planning. It enables the exchange of urban visions
between lay public and experts, their presentation
and exploration supported by digital models (3D
and 4D models) and simulations. So far mostly urban planning researches have been carried out in
the Lab, but there is an opportunity of combining
urban planning and urban design for public participation seen in the project.
Urban design is a collective public activity;
through combining designers’ ideas, possibilities
and community choices and through making decisions the stakeholders are trying to achieve better
final solutions. Changes in the environment should
bring people towards better living and working
conditions. Therefore participants should be invited
into the decision making process. As Yu Dazhong
states, “the participatory process in urban design
should be seen as a process of enabling participants
to participate in decision making through an effective involvement” (Dazhong, 1999). As a consequence to the rapid development of digital technology and cyberspace we can also talk about using
visual digital collaborative tools for the purpose
of designing/presenting urban design projects. Urban design is actually also a virtually based activity, where the main communication language is a
visual and not a written one. Moreover, nowadays
digital tools for urban design are more or less used
only for communication between different participants and not for an active collaboration; the final
design seems more important than the whole process. Due to the rapid development of digital media
over the past decade face-to-face collaboration has
begun slowly losing its importance and virtual collaboration via digital media has started gaining acceptance (Hudson-Smith, 2003).
Digital 3D city models are not always understandable to lay public as the point of view is usually not the same as the one you are experiencing
by walking through the city. Some of these models
are already used for public participation; they enable shifting between different views (Cityplanner,
2011); others are presented as simulations, though
Volume 6 / Number 4 / 2011

trying to present the city with a high level of realistic details (UCLA Lab, 2011). Some 3D city
models are made too abstract, they are difficult to
navigate, making it difficult for lay public to connect them with the real city, and consequently they
are unsuitable for public participation (3d prostor,
2011). Our idea is to have a digital model easy to
understand and navigate, which can be used in different stages of the design process, thus connecting those stages into a new wholeness of critical,
creative and realistic participatory discussions of
all the actors involved.
Urban design is made for people, therefore
their perception of the space or the living environment and experiencing the site are very important
and should be taken into account in the preparation and the use of digital city models. Lay public
is used to the view of walking through the city;
therefore they should be enabled to experience
new urban design, new city development or any
new changes as best as they can by the same view
(pedestrian view), to compare it most effectively
to the existing situations. However, thanks to the
rapid development of the Google Map/ Earth and
other 3D models people are becoming more and
more used to the bird view. The aim of this research is to find the importance of each view and
the difference between how people experience the
space if they observe the location from different
points of view where only the elevation from the
ground is changed (from 1.6 m to 10 m or to 30 m)
and the position (x and y value of the view) is kept
the same. The appropriate use and combination of
experiential and conceptual means of presentation
in communicating accurate information about spatial environments between the lay and the professional public have already been defined (Mullins,
Zupancic, Juvancic, 2002); our research will focus
on presentation of 3D city models so they are understandable to lay public.
Lay public lacks both the knowledge and skills
of urban design. On the other hand, the professional
public lacks the knowledge of public participation.
Thus all the actors or stakeholders could and should
benefit from the lifelong learning of the participatory urban design. Lack of knowledge and understanding of presented digital models often leads to
resistance to any change, even when it could bring
a higher quality of the living environment.
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Enhancing the past and on-going researches
(Jutraž, Zupančič, 2010), this article discusses the
potential to combine the urban planning with urban design and to increase the scale level of the
urban intervention area, keeping the possibility
of experiential mode of the action representation.
The experiential presentation mode is usually
used only for the small-scale model of urban design (e.g. city square model) and its changes. As
we increase the scale of the intervention and the
scale of observation, the experiential aspect is neglected and only the conceptual planning aspect
(e.g. interactively flying above the 3D city model)
is observed. With all of this we are also losing the
levels of detail, clarity and reality. So far some
small-scale urban design projects (e.g. Hofburg
in Vienna in Urban Experimental Lab, 2011) have
been undertaken.
From physical towards virtual and distributed
urban labs
The research directs us towards a “distributed
lab” (combination of different labs, distributed
across numerous physical or even geographical locations). The first one (“street lab”) is nonphysically defined, movable, the moderator of the
participation process professional or lay public
questions (interviews made in London); the second lab is located in Vienna, users have to go to
the Urban experimental Lab (later: Lab); the next
stage is a virtual one, located on internet, accessible to everyone (“virtual lab”). The benefits of all
labs should be combined in order to enhance the
“virtual urban lab” for public participation.
One of the virtual spaces for architectural communication and collaboration is also Teleplace
(Stanford, 2011) - an online collaboration environment that helps distributed teams work together
more effectively. It provides online work spaces
with different tools for collaboration and it also
enables importing 3D architectural model from
SketchUp to the virtual world, where participants
from different places can meet and walk through
the building, fly above it, and can through the
walk-through and discussion try to improve the
architecture. Here both experiential and conceptual modes are combined, but the shifting between
892

pedestrian and bird view is missing. Comparing
Teleplace with the Lab, the Lab has been mostly
used for urban planning, while Teleplace was used
for architecture, and there are potentials for both
of them seen in combining urban planning with
urban design (and later also with architecture). In
the Lab the pedestrian view is often changed to
the intermediate view (somewhere between pedestrian and bird view); in the Teleplace, however,
the pedestrian view is fixed and could be changed
only to the bird view.

Figure 1. Exploring architecture in Teleplace
(source: Jutraz, 2011)
Towards lifelong learning
Public participation in urban design is seen as
an opportunity for lifelong urban design learning, offering a wide variety of different actions,
problems and educational elements. All the participants are expected to improve their knowledge
levels through participating in the design process.
Working by doing is the theme that is explored
in the PBL (project based learning) project (PBL
Lab, 2011) every year. 3D city models could also
be seen as an effective tool for lifelong learning,
where participants (lay and professional public)
could exchange their knowledge and educate each
other through working together on the project.
Through the use of different labs we can also
stimulate collaboration (teamwork) between different participators in planning who can collaborate either within one physical space (Urban Experimental Lab) or in a remote way (Teleplace).
Schoenwandt (2008) defines “third generation”
planning theory as next step to the rational model
of planning, where “agents” of planning construct
Volume 6 / Number 4 / 2011
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a “planning world”, which exists in the context
of an everyday “life-world”. There a specific exchange among both “worlds” always happens:
“Comprehension of the Situation”, “Elaboration
of Instructions”, “Communication about Behaviour”, “Interventions”, “Settings”, and “Outcomes”. The collaboration could be seen as an opportunity on the interface of “the planning world”
and “the life-world”. The “object” of collaboration process could be real or virtual, different according to the space and time; i.e. real world or
digital representation of the real world vs. digital
city models to be used for simulating a potential
future or even the past.
The basic requirement for public participation in
the design process is the interaction between professional urban designers and the lay public, which
can be run either one-way or two-way. By one-way
communication lay public is the object of study and
source of information, while in a two-way communication it has the possibility of cooperation
and participation (Ogorelec, 2005). In fact, Haller
(2009) thinks that the main aim of design is actually
to communicate. Communication is the process of
democracy, the process between the governing and
the users. The society has developed new forms of
communication; computers and cell phones have
become common tools of communication, and
they represent an intertwining communication network. Digital tools that could be used in urban design, should be “a mixture of different channels of
communication and should lead to more successful
public participation with the profession and consequently also to the lifelong learning process of general public” (Haller, 2009).
There is a specific need for public participation
at the beginning of planning and design processes
(understanding the problem) and at various decision
stages (e.g. design-decision-support; deciding how
to further proceed) as these situations are specific
meeting points between “the planning world” and
“the everyday life-world” (Schoenwandt, 2008).
“Virtual labs” should be used as urban co-design
interfaces for public participation in urban design,
they should offer a two-way communication and
collaboration between the lay public (”life-world”)
and the professional public (“planning people”)
from the first stage of the planning process through
the whole design - decision-making process.
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2.  Objectives
The main purpose of the presented research in
this article is to explore the possibilities of improving communication and collaboration between lay
public and experts in the urban design process as
an opportunity of lifelong learning. This is part of
a research of digital tools in the participation process; the main aim is to find out what kind of digital city model is the most suitable for this process,
to define which view is the most understandable
for lay public and to define the role of the 3D city
model in the whole process of public participation.
Furthermore, we are exploring the possibilities of
using a digital city model within a real participatory process.
The second part of the presented research is experimental; it focuses on the use of the Urban Experimental Lab (Voigt, Kieferle, Wössner, 2009).
The article offers some new insights into the value
of the Urban Experimental Lab, especially the
shift from planning to design issues and its importance for the participation process.
We assume that:
–– Specific information about the city can
be gained just from the specific view
(pedestrian, intermediate/mid-, bird), none
of these views is a replacement for the other
in the process of visual communication
in public participation. It is clear that the
larger scale of the conceptual urban changes
can be detected from the bird view and
experienced from the pedestrian view, but
it is not absolutely clear what happens with
smaller scale urban interventions in terms of
their recognition from different views. That
is why special attention was drawn to the
small-scale urban proposal. The scale of the
proposal can be defined in relation not only
to the scale of the urban wholeness, but for
the purpose of the present research also to the
pedestrian view reference - its experiential
observer and his cognitive limitations.
○○ From the pedestrian view and its
experiential mode you can identify
(and immerse into) urban elements and
their spatial characteristics and you can
explore the experiential effects of an
urban proposals of any scale.
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○○ The mid-view, which is neither
experiential nor fully conceptual, is
the best opportunity to shift from the
pedestrian view to the bird view and vice
versa; it is also useful for identifying the
conceptual information about an urban
design proposal of a smaller scale.
○○ From the bird view and its conceptual
mode you can identify the presented city
structure (and larger scale concepts).
–– Presented 3D city model in the Urban
Experimental Lab offers a higher level
of experiential mode immersion than the
model presented on the computer screen.
This enhancement is most effective from the
pedestrian view.
–– The interaction between the actors of
the process of public participation is an
opportunity for a lifelong learning.
This article presents an initial phase of the entire research of digital collaborative tools; in the
first phase 3D city models are explored and in the
next one their application to the participation process in urban design will be made.
3. Methodological frame
The research was made in June 2011, and was
divided into 3 phases: (1) designing a digital 3D
city model, (2) testing the digital 3D city model
presented on the screen, (3) testing the digital
model in the Urban Experimental Lab. A city
model combined by a questionnaire was used as a
base for interviews, which were held in Ljubljana
and London, with 20 people in each city.
As the main aim of research was to find out how
people understand digital city models, how readable they are, how they can understand the city by
looking at its 3D model and not from their previous knowledge about the city, and how they can
experience the changes proposed. We wanted to exclude the influence of knowing the presented city,
which is why the interviews were made in London,
where none of the people involved knew Ljubljana
and had never been there before. The people were
chosen randomly; they were residents of London and tourists from Europe and US of different
894

professions (none of them was an urban designer,
architect, landscape architect or any other profession used to the visual presentations), different ages
(from 25 to 60 years), women and men. By asking
people who are living in Ljubljana and abroad the
same question we wanted to exclude the possibility
of getting answers based on their previous experiences and not on the presented 3D city model.
Ljubljana was chosen for the process of testing
the digital city model, more exactly, the inner part
of the city around the hill. The main objectives of
the digital city model preparation were:
–– to enable both conceptual and experiential
presentations (independent of the observer’s
view and dependent on its actual position) at
the same time,
–– to balance the level of detail (LOD) - to
remain as abstract as possible (to have as
less detail as possible, so it could be made
easy and fast, efficient and cost-effective),
but still to enable recognition of the chosen
urban structure and experiential space.
A digital tool for public participation should be
more than just information-giving, we are looking
for feedback and possibly other people’s ideas.
Each participant spent approximately 30 minutes
on the survey – the digital model was shown to them,
they were questioned about the model and their
opinions on different views. We shifted the presentation from the bird view through the mid-view (defined at 10 meters elevation from the ground) to the
pedestrian view or vice versa (to the half of the participants first the bird view was shown and then the
mid- and the pedestrian view, to the others first the
pedestrian view was shown). We defined and tested
three views with different elevations from the city
level: 1.6 m (pedestrian view), 10 m (intermediate
view, later mid-view) and 50 m> (bird view), where
we changed just elevation level from the ground and
kept the x and y values. The observation distance of
the first two cases was comparable in order to check
the actual real-life pedestrian experiential situation
and the situation often used in digital model observations, which can be defined as a virtual experiential observation mode. However, the distance of the
third case was increased to enable a higher level of
special conceptualization, close to conceptual (axonometric, for example) presentations.
Volume 6 / Number 4 / 2011
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Figure 2. Pedestrian view, intermediate (mid-) view, bird view (source: Jutraz, 2011)
We checked the meaning of each view to the
participants and how the information gained from
different view sequences could be complemented
and could form together the whole image of the
city. Through the discussions with the people involved we found out their level of understanding
of the digital city model through its presentations
and the level of their visual communication skills.
Moreover, an alternative for the selected street
was shown: a new use proposal with details of potential activities (like a living room, a street without cars, full of chairs, etc.) and people were also
able to express their opinion on the suggested urban design proposal.
The research of the digital city model was combined of two parts:
–– the 3D city model was tested on the computer
screen and
–– the 3D city model was tested in the Urban
Experimental Lab (later: Lab).
In both cases the experiential and conceptual
mode of the city was presented. By presenting
the 3D city model on the computer screen it was
shown as video clips and in the Lab the moderator
walked participants through the model or even let
them navigate and explore the city on their own.
The Lab also offers the option of exploring the 3D
city model with 3D glasses and we predict that this
enables a better experiential mode.
Through the interview based survey we wanted
to answer the following questions in order to find
out which view is the most suitable for presenting
a 3D city model to the lay public:
–– Are people able to identify the presented city
from the usage of the 3D city model? Which
elements or characteristics of space (natural
features, build structure, etc.) are most helpful
for the identification and which view is most
appropriate for the visual communication?
Volume 6 / Number 4 / 2011

–– Are people able to identify the urban
elements and their spatial characteristics
(e.g. height of the buildings, enclosure of
the street, etc.) from the 3D city model used
and which view is most appropriate for it?
–– Which view of the 3D city model is most
suitable for presenting urban design
proposal? (Just the urban design proposal of
a smaller scale was chosen.)
Urban experimental lab was tested in the preparation phase of the 3D digital city model to find out its
characteristics and define its benefits, which could
be used in further participation process. Teleplace
was tested in AEC Global Teamwork process (Stanford, 2011), in collaboration process of cross-disciplinary teamwork - students of different disciplines
walked through 3D architectural building and discussed different problems. The possibility of using it
for a public participation process was explored.
4. Results
There are three groups of results which are presented in this article: (1) The first group explores
the 3D city model and compares the different views
- which view is the best for public participation,
from which one you can get most of the information and what is the nature of the information acquired. (2) The second group answers the question
of how to improve the communication process in
public participation - new ways of using the Urban
Experimental Lab for public participation will be
explained, including their potential applicability
in other labs for public participation. (3) The elements of lifelong learning of the actors involved in
the actual process are defined and the outline of the
concept of lifelong learning system through public
participation in urban design is developed.
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In Table 1 the differences between the views used
and their importance defined on the basis of interviews are presented. We compared different views
on the basis of the following categories: identification of the presented city structure, identification of
urban elements and their spatial characteristics, and
urban design proposal. Some of them were measurable (measuring tool was scale level from 0 to 9, 0 as
minimum and 9 as maximum) others were compared
on the descriptive basis (interview, discussions).
4.1 Identification of the presented city structure
Two groups of people were tested; first one (interviewed in Ljubljana) identified the city easily because they were used to the city, they really knew
it. Most of them recognized the city from bird view
– the dominant elements such as the hill with the
castle and the river helped them. From the mid- and
pedestrian view only a few people recognized it

(because of some dominants like higher buildings
and parks), others failed. The second group of people (interviewed in London), were, of course, not
able to recognize the city (all interviewed people
had never been in Ljubljana before).
All the people from the first group (interviewed
in Ljubljana) recognized the city and its building
structure easily also from the bigger distance from
the 2D Google Map view. The second group (interviewed in London) had more problems: 90% of
people recognized the natural features like the hill
and river on the 2D Google Map and they linked
the 3D city model with the correct 2D Google Map
(we show them the Google Map of Zürich, Vienna
and Ljubljana, see Figure 3). The linkage was not
possible after the pedestrian and bird-view observation but after the bird-view observation only.
The expression language was professional – not
adapted to general public and none of the interviewed people knew the expression of “building
patterns”. After our explanation of the term (dur-

Figure 3. Recognizing the building structure of the city – linkage between 2D Google Map and 3D
city model (source: GoogleMap, 2011; Jutraz, 2011)
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ing the process of the interview) all of the forms
were recognizable from the bird view.
4.2 Identification of urban elements and their
spatial characteristics
Enclosure of the street was measured by the scale
from 0 to 9 (0 being minimum - not enclosed at all, 9
being maximum - really enclosed); in enclosure the
eye reacts to the fact of being completely surrounded. The results were quite the same for the people
who were interviewed in Ljubljana and London. If
we had shown them the bird view, the answers were
between 5 and 9 (more enclosed), from the midview between 2 and 6, and from the pedestrian view
between 0 and 4. Sometimes additional explanation
of the term enclosure was needed.
Height of the dominant building (we asked
them for the specific building in the 3D city model, see Figure 2) was measured in meters. Only
three people were able to define the real height (+2m) from bird view, others defined the real height
(+-2m) in pedestrian and mid-view.
People were also asked about the density of urban elements like cars, people and trees. Density
was measured on the scale level in three categories (really dense, dense, not dense at all). 80% of
interviewed people decided that the elements are
really dense when we showed them city from the
pedestrian point of view. Using the mid-view, just
30% of people decided of that and from the bird
view they could not define it at all.

4.3 Urban design proposal
Only the research of small-scale urban intervention
was made; existing design and one urban design proposal were shown to the interviewed people. From the
bird view people were not able to see the urban intervention presented at all, but they were able to see different elements from the mid- and pedestrian views.
For example: the public was able to see what people
are doing on the street and experience new proposal
from the pedestrian view only. On the other hand there
was a possibility to understand the complete urban intervention only from the mid-view (see Figure 4).
The difference of the digital city model presentations on the computer screen and in the Lab can
be described in terms of experiencing the space - all
participants gained the same information about the
city (in both cases the conceptual and experiential
mode were presented) and were shown street and
new design, however the ones in the Lab were able
to walk as pedestrians on the shown street and were
really able to experience it. The participants walking
through the space in the Lab gained experiential information about the space faster and they were more
able to connect part of the city with the entirety.
To sum up, there are some elements and characteristics of space that can be easily seen and defined
from bird view only (identification of the city structure), others can be defined more correctly from the
pedestrian view (enclosure, density), third from the
mid-view (urban design proposal in the case of a
small-scale urban intervention) and some from both
the pedestrian and the mid-views (dimensions).

Figure 4. Existing design (above) and urban design proposal (below) shown from the pedestrian, midand bird view (source: Jutraz, 2011)
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Table 1. Comparison of different views
Identification of
the presented city
structure

Pedestrian view

Mid-view

recognizing
the city

Difficult

Difficult

Not recognizable

Not recognizable

Identification of
urban elements and

Building
structure
Enclosure

Can be defined

Their spatial
characteristics

Dimensions /
height
density

Urban design
proposal

The height of the
buildings can be
defined easily
Easy to define
Experience
the new urban
design proposal
by walking
through it

Cannot be defined
correctly
The height of the
buildings can be
defined easily
Difficult to define
Possible to see the
whole concept of
urban intervention,
difficult to
experience it from
the eye-view

Bird view
Depends on the fact if
people knew the city
from before or not
Recognizable
Cannot be defined at all
The height of the
buildings cannot be
defined at all
Not identifiable at all
Depends on the scale of
changes; in the case of
small urban intervention
difficult to see anything

Figure 5. Exploring 3D city model of Ljubljana in Urban Experimental Lab and on the computer
screen (source: Jutraz, 2011)
5. Discussion
The interviews were based on discussions with
lay public in face-to-face communication, where
some extra information was gained:
–– The natural features like the hill and the
river helped extensively with recognizing
the building structure and its geometry.
–– By asking people about “building patterns”
the participation can clearly be seen as an
opportunity for educating lay public in urban
design issues. In fact, both the professional and
the lay public are able to educate each other 898

professionals learned how to describe this term
to the lay public to be understandable and the
lay public learned one new term; this could be
seen as part of a lifelong learning process.
–– When we were asking people about the
enclosure of the street we found out that
by using the pedestrian view people got the
most realistic experience of the street.
–– Some details as cars, trees and people
were shown in the model, which helped
the participants by defining the real height
of the included building – they compared
known dimensions with unknown ones.
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–– By defining the level of greenery in the city
we came across the problem of defining
what a green city is. People have different
conceptions of greenery, so the results are
not actually comparable. One of the women
even said “all capital cities are really green”;
she obviously came to the conclusion on the
basis of her previous experiences of other
cities and not on the basis of the elements
and connections observed from the model
discussed. However, the types of natural
features and amount of greenery are clearly
seen from bird view.
Though used in many “immersive” virtual realities instead of the pedestrian view, the mid-view
is far from a replacement of the pedestrian view.
It offers the opportunity to shift from the pedestrian view to the bird view and vice versa, and, in
the cases of observers’ better visual communication abilities, it offers an insight to the connections
between the part observed and the wholeness of
the urban structure. It can be used as a kind of an
interface between the pedestrian and the bird view.
The observation distance allows you to observe
the urban details, but the elevation helps you to
shift into the conceptual mode of the city structure
observations.
–– The wholeness of the city structure and
exploring of the city concept could be
presented the best from the bird view.
–– The pedestrian view is the best to explore
the experience of the chosen site as people
are most used to their daily view, when they
walk through the city.
–– The small-scale urban design proposal
should be presented from both the midand the pedestrian view, as one can see
completely different spatial characteristics
from each of them.
None of the views is the best or the worst in
terms of their overall communication effectiveness,
as they differ in the mode of communication and
thus the information communicated. It can be assumed that the highest level of understanding the
city and the interventions proposed can be achieved
by the combination of all three views, shifting from
one to another when needed. All three views are
Volume 6 / Number 4 / 2011

needed and cannot be replaced with the other as
they are offering different information.
Since the mid-view is by no means a replacement to the pedestrian view, the results of the interviews confirmed the need to explore opportunities for establishing presentations in experimental
mode of large-scale urban interventions.
However, during the process of interviewing
people we detected an important difficulty in all the
cases where people were not directly engaged in the
problem discussed - that is the problem of motivating people to come to the Lab; it was easier to approach them with the model on the computer screen.
Through the research presented the way of how
people could be involved into exchanging or more
likely creating urban visions was tested. However, experts can exchange more options with the lay public
or they can also give them a possibility to create their
own urban visions with appropriate digital support
tools (future work). Engaging the public in the revision process is a critical element to ensure that we are
planning and designing with people, not only for them.
Moreover, general conclusions could not be
made from the presented results as the number of interviewed people was too low. The future work will
present the research with a better statistical sample.
6. Conclusion
The most suitable way to present the city model is to present the site from different views: the
pedestrian view, the mid-view and the bird
view. Things that are observable from one view
are not seen from another. Shifting between different views can even improve the final results of
the participation process. It is really important to
shift from the entirety to the detail in both directions, and from the conceptual to the experiential
mode of presentation. Mid-view can be seen as an
interface between pedestrian and bird view.
The article offers some new insights into the
value of the Urban Experimental Lab and Teleplace, especially into the shift from planning to
design issues and its importance for the participation process. The value of the Urban Experimental
Lab can be seen in the enhancement of the real
time pedestrian view, and the value of Teleplace is
in virtual exploration of architectural model.
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It is important to offer the right content information than only technical information and solutions; for example, shifting between different
views (pedestrian, mid- and bird view) is more
important than full immersion. People are already
used to the virtual worlds, Google Maps and the
physical environment, but the question still is, if
they are able to shift between different views and
at the same time keep the focus of the problem and
the presented urban proposals.
After interviewing people we can conclude that
a direct verbal communication with the lay public
is really effective and important for the public participation process. After long discussions with the
interviewed lay public we found out that the level
of their knowledge increased rapidly. The communication process is seen as an important issue
for both, professional and lay public, as they can
both learn something new. Therefore the public
participation in urban design through using digital communication and collaborative tools can be
seen as a lifelong learning process. Moreover,
we can define labs as urban design learning environments. Labs should be seen as learning environments, where a shared urban vision could be
developed through communication and collaboration. Both lay and professional public will participate in this process. The basic characteristics of
labs should be: cross-disciplinary based; both for
lay and professional public; knowledge transfer in
all directions (between all participants, between
different disciplines, from professional to lay public and vice versa); collaborative and communicative tools for public participation in urban design;
easy to navigate in 3D city models; with easy to
use tools for participants with different knowledge
background. There are some potential for future
work observed: combine different labs; combine
real and virtual worlds to enable public participation and learning with no time and place limits;
enable tools for designing and exchanging opinions in 3D worlds and not just in written words.
Through such a concept the knowledge transfer
could be viewed in both directions - form professional to lay public and from lay to professional
public.
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7. Future work
Our future work intentions include the engagement of different representatives of lay public and
experts in the participation process, as each participant offers particular knowledge and/or expertise/
visual communication ability that can be shared
with others and each could learn something new
from other participants. Our focus is actually lay
people such as politicians, citizens, users and investors. Experts such as architects or landscape
architects are more or less interpreted as their support (they have to propose some architectural/urban solutions); they all take part in this process
to different extents, which are defined depending
on the chosen problem. The interdisciplinary team
should also involve environmental psychologists,
urban sociologists, urban anthropologists, economists, etc. However lay public could learn a lot
through the urban design participation, just by being there, sharing comments, opinions – collaboration is actually a more important process than
only communication and can lead towards a lifelong learning of urban design.
Potentials of the Urban Experimental Lab and
Teleplace are seen as an opportunity to move towards a “distributed lab” in public participation. Each of them offer a lot of benefits (while the
Urban Experimental Lab offers a real experiential
mode by using 3D glasses, Teleplace is a virtually
based collaborative space for communication, collaboration and designing). By combining them in
the public participation process we can help stakeholders with a great tool for the decision-making
process. Urban planning, which has already been
explored in the Urban Experimental Lab, could
be combined with urban design, as planning is
always connected with designing and vice versa.
Shifting between urban planning and urban design will be explored in the next stage of the research. Moreover, presenting just one view at the
same time sometimes lead to the difficulties of
navigation through the space and losing connection between entirety and details - if you walk as
a pedestrian through an area you are slowly losing
orientation and the opinions or critics of an urban
design proposal may not be relevant at all (e.g. urban design proposal can be perceived well if it is
seen from the pedestrian view and not well from
Volume 6 / Number 4 / 2011
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the bird view, so one has to check both views,
shifting between them). The “level of detail” and
“complexity” of the presented model will be explored in the next phase (how different levels of
detail influence the experience of the space of lay
people or “planning-people” and how it is related
to switch between bird and pedestrian view). More
views (pedestrian, mid- and bird view) should be
presented at the same time to offer a real-life experience, so you can synchronically see the urban
design proposal from different views (pedestrian,
mid- and bird view). The views should be defined
in advance, on the location where changes were
made and which are relevant for the public. Next
step could include the working-by-doing concept
where professionals give to the lay public the opportunity of designing on their own..
Future work is also seen in the changing of the
scale level and extent of urban intervention at
the same time, increasing a small-scale urban intervention to a large-scale intervention gradually
or step by step.
The further development of “virtual labs” should
support following modelling and simulation-techniques: dealing with complexity; modelling and
simulation on various scales; providing overview &
insight; combining visual- and non-visual information (e.g. numbers, density, ..., text / metadata, etc.);
dealing with space (2D, 2,5D, 3D) and time (4D);
simulation of different scenarios and variants; different development-trajectories, etc.
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Abstract
The paper emphasises the role of entrepreneurship at the time of organisational changes, because
the entrepreneurship is double salvation both for
government in terms of economic empowerment
and for the employees who need to be motivated
and empowered through actual actions to start up
their own business.
Basic subject of this research is to review the
needs of the employees, which are redundant at
enterprises in the conditions of restructuring, in
order to start up own business. This study determines how to solve the options for employment
directed to private business indirectly measured
through employees’ job preferences and self-employment support type.
From social, practical, and ethical reasons, it is
important to develop a strategy containing support
programmes with the aim of taking care of people
which include necessary instructions to start up
entrepreneurial business.
The research results indicate the existence of
willingness for entrepreneurship, identification
of needs of redundant employees, which demonstrates the increase in strategic adaptability to situation. Current moment in economy is actually the
challenge to create entrepreneurial society.
Key words: entrepreneurship, employees, restructuring, job preference.
1. Introduction
At the time when old business paradigms begin to fade out, and new paradigms have not been
determined and implemented yet (Kearns, 2003),
902

it is necessary to offer the employees a new view
of considering reality. The organisation management awareness raising regarding the possibilities
of employment in terms of restructuring process
(Bartnunek, 1998) means to offer a solution as
a kind of independence through entrepreneurial
business. It is important that organisation management, in line with socially responsible operation has got clearly defined external and internal
targets (Francis and Kelly, 1995). Motivations research shows a revived interest in a specific motivation theory as it relates to training motivation,
productivity, self-set goals have applied it in the
context of motivation to start a new business.
The purpose of this paper is ensures new information on what is necessary of employees which
is redundant in organisation to start up its business.
In this paper, motivation strategies directed to
the entrepreneurship are presented through the
support programmes for employees which include
any necessary trainings and education to start up
own business, as well as kinds of support reflected
in funds, equipment, and other special assets.
2. Restructuring - route to entrepreneurship
In one of the most distinguished methods of
radical changes, restructuring, it is especially important to maintain the organisation productivity
and keep focus and energy with people (Hockerts,
2006). In the situation of creative destruction, support programmes are necessary, programmes for
new jobs, support in the form of redirection to new
activities, redirection of efforts to the protection
of the most socially affected employee. During
the transformation to market society, many enterVolume 6 / Number 4 / 2011
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prises face the necessity of restructuring. Their environment becomes increasingly competitive, the
struggle for jobs, capital, entrepreneurs is more
emphasised. Such resources are crucial to deal
with social crisis.
In such conditions, enterprises must be restructured, and, at the same time, they must intensively
form new technological and business relations in
order for the enterprises to become mobile. Basic
restructuring objective is to improve corporate
management and increase competitiveness and
efficiency of organisation, through reorganisation
and status changes.Within such framework, it is
necessary to think about entrepreneurial development approach (Wickham, 2004).
Contemporary entrepreneurship occurs as a dynamic developmental combination of ideas, talent,
capital, knowledge, and risks. It is a new social
and cultural phenomenon ensuring the achievement of people’s abilities within economic sphere.
Therefore, the outcome of the entrepreneurial
function is human capital. As a basic generator of
further economic development and employment,
the role of entrepreneurship in such processes will
be even more significant in the future. Besides, the
major effects are expected from the development
of service activities, since this economic branch,
in all developed countries, and also in Serbia, has
got progressively high growth of share in gross
domestic product and this is the area in which the
increase of the employees volume is manifested
the most.
The majority of states expect that the entrepreneurship, indeed, solves one of the major problems
of current developed states with high level of unemployment. In that sense, the significance of entrepreneurship is also evidenced by the datum that
new small enterprises are the most significant creators of new products, they contribute the most to
the changes of economic structure, and they are the
most flexible part of any economy (Kongolo, 2010).
The entrepreneurship is not only the driving force
of creating new jobs, improvement of competitiveness, and economic growth, it also results in personal improvement and self-fulfilment, as well as
in the achievement of social objectives (Dollinger,
2003). In general, it may be presented through three
aspects of contribution in three basic areas: economy, personal potential and social interests.
Volume 6 / Number 4 / 2011

3. Entrepreneurial motivation
Motivation, as a process is directed to the future
(Hiam,2003) and the knowledge and evaluation of
the entrepreneur’s motives and personal characteristics should be the first step towards creating
small business. The concept used in the contemporary entrepreneurial practice provides the following need level hierarchy: Economic needs which
mean requirement for salary i.e. material security;
Development needs as a desire of an individual to
achieve personal objectives; Social needs which
are need for belonging to certain social group
within which social position is assumed.
Nowadays, the entrepreneurship development
results in adopting knowledge from various areas within which psychological components and
characteristics of a person have a crucial role both
in empowering entrepreneurial ventures and in
achieving competitiveness and success within selected activity area. Decision on selecting entrepreneurship as a career is usually not motivated
only with money (Dollinger, 2003).
Shane, Locke and Kollins (2003) found that
entrepreneurs, who believe in their skills and
abilities, are motivated to exert necessary effort.
Hockerts (2006) offer a model where the choice
to pursue entrepreneurship is based on a person’s
utility function, which reflects perceptions about
anticipated income, the anticipated amount of
work effort to achieve this income, the risk involved, plus other factors such as the person’s
desired attitudes for independence and perceptions of the anticipated work environment. Penezic (2003) suggest that an individual’s expected
values will influence the perceived desirability of
the intention to pursue entrepreneurship. However, motivators are not the only ones impacting
the changes. Cognitive factors, including knowledge, capabilities, and skills, are of exceptional
significance for entrepreneurship. Any actions
result from integral motivations and cognitions.
Entrepreneurs need knowledge, especially industrial and technology related knowledge which is
critical for achieving success. For the realisation
of entrepreneurial ventures, recognition of possibilities and opportunities are, in an interesting
way, related to the characteristics of people i.e.
their attributes (Bygrave,1994).
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It is believed that these factors are important in
leading people to various types of entrepreneurial
actions due to different impacts of the environment.
4. Method
4.1. Research problem
The research subject is to review the indicators
of entrepreneurial motivation measured through
job preference and types of support for self-employment in the future to gain a realistic insight in
the options for employment solving in the direction of the entrepreneurship.
4.2. Research Objectives
The research was implemented with the objective to determine whether there is a willingness
to start up own enterprises measured through set
up attitudes (preference of employees’ jobs and
types of support for self-employment) related
with possible options of solving employment status. General objective of the research has been
decomposed to the following sub-objectives: (1)
determine general situation regarding job preference, (2) determine types of support for self-employment, (3) determine the relation of attitudes
to possible options of solving their employment
status and job preference.
4.3. Research Instruments
For the purpose of the research, general questionnaire based on which demographic information and questionnaires measuring main factors of
the research subject matter were used. Within the
research, modified instrument battery Mobinz-02.
Five-degree scale of Likert type was used, with offered answers from never to I always agree.
4.4. Respondent Sample
The sample on which the research was made
included the employees of socially owned i.e.
904

public organisations of the Republic of Serbia.
400 respondents took part in the research (270 of
female and 130 of male gender), at the age from
20 to 64 years of various educational profile.
4.5. Data collection
Data collection was made in the duration of a
month and a half. The research was individual, and
in terms of demographic data, gender, age, and education level were required. The survey was anonymous, and the sample included the respondents
of both genders, various work roles, various age
structure. The respondents were cooperative and
interested in the activity. Statistical methods were
used in the data processing: descriptive statistics
and multi-variant methods.
4.6. Research Hypotheses
In the research, the following are the starting
hypotheses:
H1: The respondents have got positive attitude to
the change of the organisation they work at.
H2: Employees show willingness for private
job.
H3: Within self-employment programmes, the
employees prefer service activities.
H4: Within the selection of support for selfemployment, the respondents opt for
finance as the major support type
5. Results
H1. Willingness for organisation change
H2. Willingness for private job
H3. Job preference
H4. Support types for self-employment
6. Discussion
The results indicate the existence of entrepreneurial motivation with the employees with clear
needs to start up own business. Social application of this research points out the attitudes of the
Volume 6 / Number 4 / 2011
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Table 1. Frequency and percentages for willingness for organisation change
Willingness to organisation
change
Below average score
Above average score
Total valid
Unknown datum
Total number of processed

Frequency

Percentage
%
36.1
55.3
91.5
8.5
100.0

145
221
366
34
400

Valid percentage
%
39.5
60.5
100.0

Cumulative percentage
%
39.5
100.0

Table 2. Frequency and percentages for willingness for private job
Willingness to private job

Frequency

Higher
Less
Total valid
Unknown datum
Total number of processed

232
128
380
20
400

Percentage
%
61.3
33.9
95.1
4.9
100.0

Valid percentage
%
64.4
35.6
100.0

Cumulative percentage
%
64.4
100.0

Table 3. Frequency and percentages for the type of private business they would deal with
Job preference
Manufacturing
Services
Agriculture
Culture and art
Subtotal/ answered
Missing datum
Total respondents

Frequency
105
157
48
37
347
53
400

Percentage %
26.2
39.2
12.0
9.4
86.8
13.2
100.0

Valid percentage %
30.2
45.1
13.9
10.8
100.0

Cumulative percentage %
30.2
75.4
89.2
100.0

Table 4. Frequencies and percentages for support types
Support type
Unknown
Self-confidence
Education
Office facility
Equipment
Finance
Grouping
Total

Frequency
46
28
23
21
23
247
12
400

Percentage %
11.5
6.7
5.8
5.3
5.8
61.8
3.1
100.0

Table 5. Spearman’s rho Correlations
Organizational change
Better job
Severance payment
Private job

Correlation Coefficient
Sig. (2-tailed)
Correlation Coefficient
Sig. (2-tailed)
Correlation Coefficient
Sig. (2-tailed)
Correlation Coefficient
Sig. (2-tailed)

** Correlation is significant at the .01 level (2-tailed)
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Valid percentage %
11.5
6.7
5.8
5.3
5.8
61.8
3.1
100.0
Organizational
change
1.000
.

Cumulative percentage %
11.5
18.3
24.1
29.4
35.1
96.9
100.0

Better
job
.294
.000
1.000
.

Severance
payment
.127
.000
.113
.000
1.000
.

Private
job
-.123
.000
-.023
.449
-.028
.356
1.000
.
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employees who are potentially redundant to new
entrepreneurial operations which is an important
information to decrease social tension, responsible
lay off, and employees’ behaviour prediction.
The results of current study support the findings of prior studies concerning the influence of
organizational restructuring and developing of entrepreneurship (Schermerhor , Hunt and Osborn,
2003; Penezic, 2003; Martin , Jones and Callan,
2005; Kongolo, 2010; Francis and Kelly 1995),
and entrepreneurial motivation as key for employees who leave the organization (Shane, Locke and
Collins, 2003; Penezic, 2003; Katic, 2008; Kuratko and Hodgetts, 2004).
The results demonstrate that the respondents
show their willingness for the organisation change
(Table 1), which means that the respondents do
not feel affective belonging to the organisation as
long as they state willingness for the change of it.
There is an assumption that this factor is determined by the motives of selecting new employment, because the respondents do not find their
route and satisfaction of the motives at the organisation they are employed (Francis and Kelly,
1995). 66,1% employees show willingness for private job (Table 2). Result showed that hypothesis
is significant. The respondents seeing themselves
in the entrepreneurship prefer services the most
(Table 3). This datum is in line with the market
situation where service activities are predominant
and within which major effects are expected. The
results show that for starting up own business the
respondents chose finance (Table 4) followed by
self-confidence as a necessary type of support.
Corellation analysis showed (Table 5) that
there was a significant positive relation organisation change with better job ( r=0,3), severance
payment( r=0,1) and private job (r=0).
7. Conclusion
In the Republic of Serbia, organisational restructuring is one of the accompanying activities
of the process of privatisation of socially-owned
enterprises, and it is a motivational ground for the
entrepreneurial potential development.
In the conditions of restructuring of large enterprises (business systems) and unavoidable down906

sizing, the organisation policy is crucial. Stimulus
for change begins as an idea developed by adjustment to the environment conditions. It is necessary
to ensure such climate where the employees will
actively participate, because, the management will
thus create the feeling of participation, belonging,
and personal control with the employees.
The efforts of the organisation should be directed to the strengthening of good will with entrepreneurship motivated employees, and there are
many employees who see their future, above all,
relying on themselves and their own potentials.
It is claimed that, nowadays, we live in the age
of entrepreneurship, and the latest researches show
general expectations that the entrepreneurship is,
without any doubt, the trend of 21st century. The
research objectives point out the significance of
both responsible restructuring through the role development strategies of enterprise which cover the
analysis of individual motivation for business start
up and care of the redundant employees, thus ensuring new information on what motivates nascent
entrepreneurs.
The results of the paper can help management
of organization and politicians to focus their attention to human and social factors in entrepreneurship creation and development, discovering the
needs for own business creation. Practical implication is also reflected in the proposals to decrease
resistance of the employees to changes, accept
self-employment programmes, necessary guidelines for optimal harmonisation of the employees’
needs with support programme strategy.
References
1. Bartunek, J. M., Frantzak, F. J. (1998), “The effect
of organizational restructuring of reference and
cooperation”, Journal of management, Vol.22, No.
13, pp 478-499.
2. Dollinger, J. M. (2003), “Entrepreneurship-Strategies and Resources”, Prentice Hall.
3. Francis, J. C., Kelly (1995),” Tranforming Organizations”, McGrow-Hill Inc, New York.
4. Fitzroy, P., Hulbert, J. (2005), “Strategic management”, John Wiley & Sons, 2005.
Volume 6 / Number 4 / 2011

technics technologies education management

5. Hiam, A. (2003) Motivational Management: inspiring your people for maximum performance,
Amacom.
6. Hockerts, K. (2006),” Entrepreneurial opportunity
in social purpose ventures”, In Mair,J.,
7. Robinson,J.,Hockerts.K. (Eds.), Social entrepreneurship (pp. 142–154),London: Palgrave.

Corresponding author
Ivana Katic,
Faculty of Technical Sciences,
University of Novi Sad,
Serbia,
E-mails: ivana.katic@uns.ac.rs,
ivana.katic.80@gmail.com,

8. Kuratko, F. D., Hodgetts, M. R. (2004),”Entrepreneurship- A Contemporary Approach”, Dryden
Press.
9. Katić, I. (2008), “Entrepreneurial Motivation in
Self-employment Programmes”, Faculty of Technical Sciences, Novi Sad.
10. Kearns, P. (2003), “HR Strategy – Business focused, individually centred”, Butterworth Heinemann - Elsevier, London.
11. Kongolo, M. (2010), “Job creation versus job
shedding and the role of SMEs in economic development”, Africa Journal of Business Management, Vol. 4, No.11, pp. 2288-2235.
12. Martin A., Jones E. S., Callan V. J., (2005),
“The role of psychological climate in facilitating employee adjustment during organizational
change“, European journal of work and organizational psychology, Vol. 76, No. 34, pp. 356-387.
13. Penezić, N. (1998), “Small Enterprise Development Management”, Zadužbina Andrejević, Belgrade.
14. Penezić, N. (2003),” How to Become an Entrepreneur’, Republic Agency for Small and
Medium Sized Enterprise and Entrepreneurship
Development, Belgrade.
15. Robbins, S., Coulter, M. (2005), “Management”,
Pearson Education, Data status, Beograd.
16. Shane, L., Locke, E., Collins, C. (2003), “Entrepreneurial motivation”, Human Resource Management Rewiew.
17. Schermerhor, L., Hunt, M., Osborn, K. (2003),
“Organizational behavior“, John Wiley & Sons.
18. Wickham, P. (2004), “Strategic Entrepreneurship”, Pearson Education, New Jersey.

Volume 6 / Number 4 / 2011

907

technics technologies education management

Inovations, RD Activities,
Education of Engineers and
Catching-Up Process in Serbia
Tatjana Tanaskovic1, Rebeka Rudolf2,3, Joze Flasker2, Snezana Kirin4, Aleksandar Sedmak5
1
2
3
4
5

College of Vocational Studies – Belgrade Polytechnics, Belgrade, Serbia,
University of Maribor, Faculty of Mechanical Engineering, Maribor, Slovenia,
Zlatarna Celje d.d., Kersnikova ul.19, 3000 Celje, Slovenia,
NIS a.d., Serbia,
University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia.

Abstract
In this paper, our interest will be focused on the
interconnectedness between the know-how, offered
by higher education, and the concept of innovation,
understood in the broadest technological and social
sense, in the catch up process. By presenting basic
parameters with the SWOT analysis of the current
situation in the higher education in Serbia, a whole
range of problems with diverse characteristics is
opened up. The general direction of future development in these countries will have to be grounded
on permanent support for the activities in scientific
research, development and innovation
Key words: innovations, catch up process,
SWOT analysis, higher education
1.  Introduction – Catch Up Process
The idea of transformation of the economies in
poor countries with the aim of reaching the developmental stage of the highly developed countries
is called the catch up process. Countries with different economic development levels converge towards the same structural and organisational form
of economy. This means that poorer countries tend
to replicate the methods of production, technology
and institutions used in developed countries.
In the words of Jeffrey Sachs, a Professor at the
Harvard University (Sachs J.,Warrner A., Economic Reform and the Process of Global Integration,
Brookings Papers on Economic Activity, Vol.1995.,
908

No.1, 25th Anniversery Issue,pp1-118), the fundamental condition for convergence lies in the political system, because this is a process that cannot
be achieved in developing countries which have
closed economic policies. The problem of progress
in development can be solved only through free
trade and openness practiced by any given country.
In their study, which included a range of 111 countries covering the period from 1970 to 1989, Jeffrey Sachs and Andrew Warner (Sachs J.,Warrner
A., Economic Convergence And Economc Polices,
National BBureau of Economic Research, Working
Paper No.5039, February 1995., 96-97) concluded
that growth in development in the world is characterized by the following features:
–– Industrialised countries have a growth rate
of 2.3% per capita;
–– Developing countries with open economies
have a growth rate of 4.5% per capita;
–– Developing countries with closed economies
have a growth rate of 2% per capita.
The economic parameters stated above make up
a hypothesis better known as the catch up effect,
which means that poorer economies are characterized by a relatively faster growth rate than the one
in richer countries. In countries that have already
attained a high level of realized capital and productivity, the space for growth is significantly smaller
in comparison to that in developing countries.
In order to produce the catch up effect, certain
social preconditions are to be met, which have
been defined by Moses Abramovitz as a requireVolume 6 / Number 4 / 2011
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ment for “social capabilities”, necessary to attain
growth through the catch up process. According to
Abramovitz (Abramovitz M., Catching Up, Forging Ahead, and Falling Behind, Journal of Economic History, Volume 46, Issue 2, Jun 1986,385406), fundamental preconditions for the catch up
process include the following factors:
–– Capability of absorption of new technologies;
–– Attracting capital;
–– Participation in the global market.
These views can be characterized as traditional
economics theory, which implies that new technologies can ensure that underdeveloped countries
reach developed countries. Taking into consideration that there are non-economic factors that cannot be taken as a constant, it can be assumed that
absolute convergence is hardly realizable.
2. Fundamental Characteristics of
Innovation Processes in the World and
in Serbia
One of the important organisational characteristics of highly-developed countries lies in their
institutionally organised form of innovation potentials generation. In 2002, in Barcelona, the Council of Europe set a goal to project an increase in
expenditures in research and development to 3%
of GDP, which will allow the creation of 400.000

jobs after 2010. It has been specified that twothirds should be financed from the private sector.
It is expected that appropriation for RD (research
and development) until 2005 shall be in between
3.5% and 11.6%. RD in companies has direct impact on economic growth, because it enhances
productivity and has an effect on the creation of
new and improved products.
In the territory of Europe there are two parallel
catch up processes taking place. On the one side
the EU is striving to reduce differences in innovation potentials between the EU and the USA and
Japan, and on the other side, the catch up process
is taking place in the countries undergoing transition, which are striving to attain the innovation
level of the developed countries in the EU.
When data from the analyses on innovation
performances are compared between the EU and
the USA, it can be concluded that, in the period
2005-2009, there was a constant reduction in the
innovation potentials difference between the EU
and the USA, whereas in the case of relations between the EU and Japan, the difference had a relatively constant index value. Looking at the whole
picture, the differences in innovation potentials
between the EU on the one hand and the USA and
Japan on the other, remain present due to a number of fundamental reasons, such as international
patent distribution (measured in contracts on cooperation in the field of patents), connectivity between the public and private research sectors, as

Chart 1. Difference in innovation potentials of the EU in comparison to the USA and Japan. Source:
European Innovation Scoreboard (EIS) 2009 (http://www.proinno-europe.eu/page/european-innovation-scoreboard-2009)
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well as the numbers of researchers (in spite of an
improvement achieved in both fields) and expenditures for research that are stagnant in the EU and
the USA, while increasing in Japan. (Chart 1)
Due to reduced budgetary investments, demographic changes, global competition and crisis, innovation activities have been placed on the very
top of the strategic goals of the EU in 2010. One
of the steps undertaken by the EU has been the
formation of the Innovation Union, as one among
seven buttresses for its strategy until 2020 (Communication from the Commission to the European
Parliament, the Council, the European Economic
and Social Committee and the Committee of the
Regions Europe 2020 Flagship Initiative Innovation Union)
According to the data from the European Innovation Scoreboard (EIS) for 2009, in the EU leaders
in the field of innovation activities are: Denmark,
Finland, Germany, Sweden, Switzerland and Great
Britain, followed by Austria, Belgium, Cyprus, Estonia, France, Iceland, Ireland, Luxembourg, Holland and Slovenia. Countries in the mean level in
innovation activities include the Czech Republic,
Greece, Hungary, Italy, Lithuania, Malta, Norway,
Poland, Portugal, Slovakia and Spain, whereas
countries that are particularly considered to be in
the catch up process include Bulgaria, Croatia, Latvia, Romania, Serbia and Turkey.
The European Innovation Scoreboard (EIS)
has positioned Serbia, from the perspective of its
development in the catch up process with regard
to the level of its innovation potentials, far below
the EU average values (Chart 3). Relative advantages have been pointed out therein, such as the
overall economic advancement achieved in the
last period. However, it is not without numerous
flaws in the field of management and innovation
activities. In its Reports, the EIS emphasises that
it does not have sufficient data so as to provide, in
a broader time-span, more accurate analysis of the
situation in Serbia. Criticism is completely justified, because there is a low level in coordination
between competent public authorities and a lack
of organisation of the available data on the situation in Serbia. All of this is an impediment to making more precise conclusions on the situation of
innovation activities in Serbia.
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Chart 2. Innovation potentials in the Republic of
Serbia. Source: European Innovation Scoreboard
(EIS) 2009 (http://www.proinno-europe.eu/page/
european-innovation-scoreboard-2009)
Based on the data from the Statistical Yearbook
for 2008, in the Republic of Serbia there are 52 independent scientific research institutes, 25 scientific
research units within companies, as well as 72 scientific research departments within higher education institutions. In spite of a positive feature of the
fact that the higher education system in Serbia has
managed to preserve positive characteristics, there
are negative events from the recent past (war environment, economic situation, brain drain etc.) which
have caused that, at present in Serbia, there are approximately 10.000 scientific researchers (0.13% of
the total population), which is approximately a 10
times lesser value in comparison to the EU average
value.( Strategies for the Scientific Progress of the
Developing Countries in the New Millennium, Vuk
Uskoković, Milica Ševkušic, Dragan P. Uskoković,
Science, Technology & Innovation Studies Vol. 6,
No. 1, August 2010., p.16-27)
The number of scientific papers published in the
period 2000-2004 showed a minor increase. From
2004 onward, and particularly in the period 20052007, a significant increase has been made: from
927 scientific papers, which were the number published in 2000, there were 2.047 scientific papers
published in 2007, and 2-558 in 2009. In the period
2000-2003, scientists from Serbia were among the
last in Europe as per numbers of their citations and
papers on the SCI list, and they were likewise even
falling far behind the countries from the region.
With the aim of finding solutions to numerous
problems in RD activities in Serbia from the perspective of institutional solutions, two solutions
Volume 6 / Number 4 / 2011
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are of most relevance: application of the Law on
Innovation Activities and development of the National Innovation System (NIS), with the aim of
generating, diffusing and applying scientific and
technological know-how.
From the perspective of SWOT analysis, RD
activities in the Republic of Serbia are at present
as follows:
Strengths
Great research experience - Long tradition of
high-quality education - Relatively large number
of publications in journals with a high reputation
- High rate of economic recovery, which is shown
in a six-fold GDP increase in the period 2002008 - Respectable and well-positioned scientific
diaspora - Balanced structure of gender equality
among scientific personnel - Cooperation between
the Ministry of Education and the Ministry of Science and Technology, with the view of making an
optimal RD system.
Weaknesses
Lack of structure, strategy and vision in scientific research - Insufficient modernisation of research equipment in research centres - Budgetary
investments in research are decreasing despite the
six-fold increase in GDP growth in the same period - Little interest in higher education and a high
rate of brain drain - Poor connectivity between
universities and the economy, as well as undeveloped investments in capital markets.
Opportunities
Use of all the advantages of modern communication networks and infrastructure - Appropriate
measures in fiscal policies, which would promote
cooperation between companies and universities
with the aim of initiation of projects - Broad demand for research in the field of market products
- Creation of a national innovation system which
would comprise: government, human resources,
scientific base, economic and market development.
Volume 6 / Number 4 / 2011

Opportunity for the realization of the Lisbon Treaty,
as well as adjustment to the EU priorities in the field
of RD. Establishing connections with the world on
the basis of connections with the diaspora, with the
aim of realizing international cooperation. Establishing connections with leading institutions of FP7
(Seventh Framework Programme) with the participation of Serbian scientists.
Threats
Failure to increase low public and private investments in research and development - Monopolisation of private interests, and a threat that shortterm private interests might overwhelm long-term
national interests - Increase in brain drain due to
the process of increased opening toward the international community - Failure to define a clear vision of scientific development and thus to provide
stable financing for RD - Opportunity to increase
political and social tensions, which would destabilize economic recovery - Failure to focus national
priorities which would be beneficial to the major
part of the economy - Continuation of superficial
evaluation of scientific contribution in the academy - Continuation of social marginalization of
internationally recognised scientists.
3. Characteristics of the Higher Education
in Serbia
From the standpoint of a part of the younger
generations who decide to take up their professional course within the scope of technical professions, we can acknowledge that, in Serbia, just like
in the entire region, there is a trend of declining
interest for the engineers profession. As a characteristic example of this trend we can point to the
structure of enrolled students from various faculties at the Belgrade University; from the Table enclosed herein, it can be observed clearly that there
is a lesser number of graduate students from the
Faculty of Mechanical Engineering in comparison
to the Faculty of Electrical Engineering, while the
lowest number of graduate engineers comes from
the Faculty of Mining and Geology and from the
Faculty of Technology and Metallurgy.
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From the perspective of scientific resources in
Serbia, a specific feature can be observed in its
developmental policy, which is the fact that there
is a negative demographic trend, having a direct
impact on the creation of scientific youth, and
the formulation of a higher education policy. The
trend of scientific personnel leaving for highly
developed countries is unfavourable for developmental policies in all countries undergoing transition, and particularly in Serbia and surrounding
countries. This trend is conditioned by the present
economic situation and the war occurrences from
the recent past alike.
It is estimated that the number of emigrants
from Serbia is approximately 3.5 million, which
is 50% of the population living in Serbia ( Grečić,
V. 2002. The Role of Migrant Professionals in the
Process of Transition in Yugoslavia., International
Problems No.2)
In the period from 1990 to 2000, around
73.000 residents left Serbia, of which 17.000 had
higher education. The negative trend was continued also after 2000, in slightly reduced intensity,
so around 50.000 people left Serbia, of which
2.000 had higher education (Ministry for Science
and Technological Development of the Republic
of Serbia, Strategy of Scientific and Technological Development of the Republic of Serbia for
the period 2009-2014.).
From the perspective of the SWOT analysis,
the present situation and prospects of higher education in Serbia exhibit the following characteristics:

Strengths
Tradition of higher education in the field of technical sciences - Law on Higher Education (2005),
which regulates quality assessment and definition
of qualification lists with expected outcome of the
studies. Implementation of the Bologna process
was started formally in the academic year 20062007. The ECTS system has been applied in full
scope, which facilitates the exchange of students
and lecturers. At some of the Faculties lectures are
organised in the English language. Good reputation
of higher education Professors in diaspora.
Weaknesses
The difficult material situation in which the Faculties and the employees find themselves - Insufficient modernisation of equipment and educational
materials, laboratories etc. - Faculties are being left
by young personnel, that is, brain drain - Decreased
interest in higher education - Lack of cooperation
between Faculties - Existing stakeholders` structure is disorganised because the economy has only
a small impact on higher education - Low cooperation with countries in the region.
Opportunities
Making use of the experiences of highly developed countries - Implementation of pre-accession
strategies for the EU membership - Access to finan-

Table 1. Number of graduate students, Republic of Serbia, 2008, Statistical Yearbook, 2008 (Statistical
Yearbook of Serbia 2008, p. 343-360)
Faculty
Mechanical engineering
Electrical engineering
Mining
Geology
Metallurgy
Chemical
High school
Mechanical engineering
Management in industry
Metallurgy
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2001
732
698
95
59
17
231
2001
596
267
16

2002
660
725
76
64
31
221
2002
592
227
8

2003
660
1094
67
62
8
217
2003
616
175
11

2004
719
772
69
69
13
238
2004
451
246
4

2005
726
955
72
72
11
237
2005
440
203
12
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cial funds and projects in the EU, with the view of
modernising educational equipment - Larger cooperation with universities in the EU through the
Erasmus and Tempus Programmes - Defining the
State strategy for economic, scientific and technological development, with the view of including all
stakeholders (interested parties) in the development
of higher education - Establishing connections with
renowned Professors from diaspora.
Threats
The global economic crisis impact is prolonging Serbia’s accession to the EU - Social tensions
that would jeopardize country’s economic development and, hence, development of the higher education too - Increased number of lecturing staff
moving abroad due to increased cooperation with
universities from developed countries - Marginalized social status of professionals with higher
education - Marginalized advisory influence of renowned Professors from diaspora on the development of higher education.
4.  Analysis of the Findings of the Study
“Analysis of the Engineers’ Education
Impact on the Development of
Innovation Activities in Serbia”
4.1 Research Methods
For the requirements of the study “Analysis of
the Engineers’ Education Impact on the Development of Innovation Activities in Serbia”, representatives from ten Faculties have been surveyed
and interviewed, whereby they gave their opinions
about the state of education in Serbia in the period
2008-2010.
It is a common practice, in the field of survey
research, to carry out PEST (Political, Economic,
Social and Technological) analysis of gathered
data, which constitute a general picture of the
diverse influences from the macro-environment.
Questions that were asked had a descriptive character, comprising political and legislative factors
(assistance from public structures, legal regulations related to international cooperation, social
Volume 6 / Number 4 / 2011

incentives), social and cultural factors (qualification structure, social organisational factors,
subjective standpoints – demographic problems,
generational viewpoints, personal affirmation
etc.), technological factors (innovation activities
development, investments in research – acquisition of ready-made technologies and equipment,
technological level – technological cooperation).
Descriptive statistical analysis of binary responses
was applied (“yes-no” information), that is, any
factor observed is either relevant or irrelevant.
4.2 Analysis of the Findings of the Survey in
Technical Faculties
Only 10% of the surveyed Faculties had the
opinion that efficiency is primarily achieved
through the quick inclusion of students into Research and Development Faculty Programmes,
while 20% of the Faculties believe that it is efficient to include of graduate students into their
Research and Development Programmes. Due to
the well-known material situation in which our
Faculties find themselves, various projects of
diverse scope are accepted, and on that basis financial interest is generated for the Faculties, as
institutions and Professors themselves, as well as
for students who, within the above-stated projects,
manage to acquire certain creative practice, to
partake in teamwork experience and to gain references in order to get involved in business flows.
On the other hand, 10% of the Faculties responded
affirmatively to the question about quick inclusion
of graduate students in business flows, due to the
well-known economic situation and the state of
the Serbian economy. This data is only relatively
accurate because, unlike Faculties in highly developed countries, Serbian Faculties do not keep
systematic and organised records on professional
careers and achievements of graduate engineers.
As regards incitements of student creativity, the
greatest number of respondents at the Faculties
(90%) opted for the traditionally well-tried pedagogical principle of involving students through
their active participation in lectures. Only 30% of
the surveyed Faculties opted in favour of instigating a competitive spirit. The fact that incitements
to self-evaluation are applied by only 20% of the
913
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respondents proved that conservative modes of lecture organisation are present in the field of technical
education. Teamwork instigation at technical Faculties is an important method for 60% of the respondents, which is logical because in practice many
projects are carried out in that way. On the other
hand, 30% of the Faculties surveyed showed an
inclination for instigating interest for further deepening of knowledge in independently chosen fields
of interest. This reflects a positive trend at the best
Serbian Faculties which have managed to preserve
their lecturing staff, and thus have created conditions for individual work with the best students.

Chart 3. Most efficient field of Faculty work 1)
Efficiency in studying time; 2) Quick inclusion of
students in Faculty Research and Development
Programmes; 3) Quick inclusion of graduate
students in Research and Development Programmes; 4) Quick inclusion of graduate students in business flows
The survey showed that 80% of the Faculties
have the opinion that educational programmes are
in accordance with contemporary technical and
technological processes.
There is a high percentage of discontent among
the Faculty employees because of their low income
(70%), which is only to be expected in conditions
of economic crisis. Likewise, a clear picture has
been obtained on the poor exchange between Faculties, which is also reflected in the limited opportunities for professional advancement (60%).
A high percentage of discontent with the existing
situation is primarily present among the younger
generation of lecturers (Assistant Professors and
Docents). Advanced training mostly boils down to
personal initiative and private contacts, and there
is no organised institutional assistance, either at
Faculty or University level.
914

The strategy employed by Faculties in developed countries is oriented toward multidisciplinary cooperation, which cannot be said for the
Faculties in Serbia. Multidisciplinary cooperation
in Serbia exists only in doctoral studies. Only 20%
of the surveyed Faculties comprehend cooperation with designers. Cooperation with marketing
experts is even lower, amounting to 10%. Data
obtained from the survey on the state of industry
show a rising trend in interest for marketing research of markets. This infers the conclusion that
Faculties are yielding marketing analyses to economical assessments, without taking part by proposing their creative solutions.

Chart 4. Factors limiting innovation activities
at Faculties. The impact of economic factors (1)
comprises excessive economic risks, great costs of
innovation, availability of financial resources for
innovations etc. Know-how factor (2) refers to insufficient number of employees, lack of information
on new technologies, lack of information on markets
etc. Market factor (3) includes market domination
by other Faculties, uncertain demand for innovative
goods and services. Legal factors (4) include the requirement to comply with State regulations, as well
as requirement to conform to EU regulations
It is evident that there is a clear orientation toward the import of ready-made technological solutions and appropriate equipment. This fact is the
reason why 40% of the Faculties take part in the retraining and upgrading of their current employees,
which is an important source of material resources,
both for the lecturing staff and the Faculties alike.
Surveyed participants also provided different,
freely formulated responses and comments, in which
they most often came up with problems, ranging
from the organisational and material structure of the
Volume 6 / Number 4 / 2011
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Faculty to a wider social and political environment,
such as: the existing system of financing mostly
boils down to personal earnings, inadequate working conditions and equipment at Faculties, professional literature, there are no conditions for efficient
implementation of knowledge and scientific accomplishments in the economy, low income, staff drain,
poor legal protection of intellectual property, inadequate incentives to support and reward innovations
within Faculties, lack of a clear national strategy and
priorities in industrial development, economic failures in the process of privatization in the economy,
low level of interest among young generations for
studying at technical Faculties due to the uncertain
economic perspective in the country, studying solely
with purpose of going abroad etc.
5. Conclusions
This paper provides an insight into Serbia’s strategic positioning as a participant in the global catch up
process, from the perspective of its higher education
system and innovation activities.The findings of the
study “Analysis of the Engineers’ Education Impact
on the Development of Innovation Activities in Serbia” showed what the current weaknesses are, as well
as the positive aspects of the problem of the education of engineers in technical occupations, with the
purpose of searching for new integration and institutional solutions. Insufficient financial resources of the
Serbian companies appear to be the most important
limiting factor regarding investments in innovation
activities of the Serbian companies. Investment and
innovation activities are a huge factor of excessive
economic risk, and therefore a clear orientation can
be seen in the industry toward the import of readymade technological solutions and appropriate equipment. This state of affairs leads to a reduced scale
of research activities at Faculties, which also has a
direct impact on the material situation at Faculties.
Low income at Faculties and in the economy is the
most common reason for discontent and abandonment. Lack of clear perspectives provides reasons
for a lessened interest in and orientation to this activity among young staff. The Developmental Policy in
all transition countries suffers from the unfavourable
demographic trend of scientific personnel leaving for
highly developed countries.
Volume 6 / Number 4 / 2011
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Abstract
The work analyses the strategic framework (in
the sense of the dynamic mix composed from appropriate institutional arrangements, macroeconomic and business environment) with a view of
establishing the regime of sustainable development on agro-food industry in Vojvodina (as the
NUTS 2 region in Serbia with big natural and
work-created resources and a specific food production structure). The goal of the analysis is an
attempt to find acceptable solutions for formulating the new model of development on agro-food
industry in Vojvodina and its harmonization with
strategic framework originating from the theory
and practice of the European concept of endogenous, self-propulsion and self-sustainable regional development. The method of researching is
based on the analysis of factors blocking or slowing down the activity of stimulating institutional
and market impulses that come from the European
environment on the construction of a new social
and economic structure of agro-food industry in
Vojvodina oriented towards food export at great
prices (precisely, with great new added value per
physical unit of production!). As the biggest problems, the underdevelopment of authentic (regional) production entrepreneurship and low effectiveness of the innovation system are identified. Their
substance is that restoration of capitalism and transition in Serbia and Vojvodina have failed to create a good strategic framework for development of
export business and private investments in the real
economy. However, such a development is not
determined crucially as unfeasible. To do that, it
916

is necessary to identify all the main problems and
shortages and eliminate them by a well-thought
plan. In this context, the work proposes the formulation of a new model of sustainable development
on agro-food industry in Vojvodina composed
from the dynamic combination of market, administrative and agreement mechanisms and the ways
of their implementation.
Key words: Vojvodina, Model of sustainable development on agro-food industry, European concept of endogenous, self-propulsion and
self-sustainable regional development, Regional
framework for good macroeconomic and business
management
Introduction
Determining the strategic framework (as the
dynamic mix composed from appropriate institutional arrangements, macroeconomic and business
environment – authors’ note) with a view of establishing the regime of sustainable development on
agro-food industry in Vojvodina should represents
the key link in harmonizing regional economic,
development, agrarian and industrial policy in the
process of economic and social preparations for
European integrations. Autonomous Province of
Vojvodina, as the region of NUTS-2 category in
the framework of Serbia has a long tradition of the
high degree of political and administrative autonomy. However, the basic reason for the selected
methodological approach is the fact that, because
of the complex natural, economic and historical
factors, the agro-food industry in Serbia includes
Volume 6 / Number 4 / 2011
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two technological and infrastructure entireties
with different production structures and problems
of advancing competition, which have geographical and administrative boundaries in two macro
regions – Vojvodina and the rest of Serbia. The
proportion of primary agricultural production is
approximately 1:1, in food industry production it
is 1:5 on behalf of Vojvodina, and for the population it 1:2,7 on behalf of the rest of Serbia.
Since the 1980th, the agro-food industry in
Vojvodina has been seized by radical change of
employment structure, competitiveness, strategic
position, and prospects for development. The period from 1980 to 1989 developed in the framework of the initial phase of deindustrialization of
Serbia and Vojvodina because of exhaustion of effects of the national development model, whose
application began in 1952. In the period from the
restoration of capitalism at the beginning of 1990
to the middle of 2008, regional agro-food industry developed in the frameworks of (post)socialist
transition, followed by destruction of (inherited)
production-organizational structures, decreased
production capital and devastation of development functions. The essential consequences are
that the average rate and return of primary agricultural production in 2009/2010 were about 20-30%
under the pre-transition average of two-year maximum. The effects of global financial and economic crisis in the second part of 2008 and announced
active joining Serbia and Vojvodina the economic
and social process of European integrations put
the question of implementing the new business
model and agro-food development. In the scientific sense, the most relevant development is the
knowledge-based development for the purpose
of food export increase at great prices (precisely, with great new added value per physical unit of production!). In this context, without
an aspiration to give the whole answer, the work
represents the attempt to find acceptable solutions
for formulating the new development strategy of
agro-food industry in Vojvodina and its harmonization with strategic frameworks originated from
the theory and practice of the European concept of
endogenous, self-propulsive and self-sustainable
regional development.
In this context, the work is divided into four
parts, besides Introduction and Conclusion. In the
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first part, the emphasis is put on the analysis of
trends in agro-food development in EU with the
purpose to determine precisely the foundations on
which we should build the strategic framework for
the revitalization of developmental functions of
agro-food industry in Vojvodina. The second part
points to the authors’ view of research methodology, which should lead to the determination of the
contents of a new development model of agro-food
industry in Vojvodina. In the third part, determines
two factors as the biggest problems to constitute the
strategic framework for sustainable development of
agro-food industry in Vojvodina: (1) Underdevelopment of authentic (regional) production entrepreneurship, and (2) Low effectiveness of innovative
systems. The fourth part, based on findings in the
first, second and third parts of the work, gives suggestions for formulating the new model of sustainable development of agro-food in Vojvodina.
Development Trends in the European
Environment and their Implications on
Structuralizing the Development Goals of
Agro-Food Industry in Vojvodina
Within the framework of this work, the main
point is put on the analysis of development trends
of agro-food industry in the European environment (Buckwell A. et al, 1994; Gellynk, X., Verbeke, W. and Viaene, J., 2003; Lawler, K. and Lee
K-P, 2003; Matthews, A. 2003;). The essential
supposition is that agro-food industry and its environmment continue according to the recognized
global economic, technological, social and ecological trajectory. In accordance with the goals of
this work, the following key development trends
in agro-food industry can be classified (Adžić, S.
2008a, b; Matejić, 2002).
Firstly, technological development will continue to play the basic role in agro-food industry
transformation in EU countries. The sophisticated
mechanization of farm production, biotechnology
and information technology play and will play the
leading role in the next 10 to 15 years. The typical farm will be bigger and bigger; the process of
strengthening its connections with the whole of
agro-food industry and the role of living labor will
reduce. The essential lesson, i.e. the problem of Vo917
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jvodina is to find solutions for transition from traditional production based on natural (availability
with big and high-quality cultivable soil; about 0.8
ha p/c, and relatively favorable climate conditions),
material and human resources (physical work) to
the state, where information-based production unit
is dominant (in the sense of knowledge and skills
for organization and process realization).
Secondly, the long-term demand of food at the
European market will grow slowly, except in cases of excess climate conditions and their implications on production and raw material supply. Further market segmentation will continue because
the trend of paying attention to diet and health will
also continue. This will have three economic and
developmental consequences. The first one is cost
increase because of the application of new and expensive technologies and production, storage, processing, transport and distribution and it will result
in reducing the total profitability of food production. It will specially affect producers of raw materials, where Vojvodina is interested. The second
consequence is that trends of broader applications
of highly sophisticated technologies suggest the existence of real danger of limiting the free access of
Serbia and Vojvodina to the European food market
because of bad organization of agro-food industry and low internal investment capabilities. And,
at the end, the trend of intensifying import of high
quality, pure, dietetic and healthy food for domestic consumption will continue (as distribution of the
social-economic power in Serbia and Vojvodina in
the last ten years has created appropriate demand).
Thirdly, in the next period, we should expect
complete elimination of market barriers for food
in Europe. Therefore, there is the problem if, when
and how to eliminate barriers to the external. In any
case, all the European countries, including Serbia
and Vojvodina are facing with the problem how to
help economic, technological, social and ecological conversion of actors of agro-food industry in the
way that will provide the advance of external and
internal competitiveness by a more efficient valorization of all natural and work created resources.
The fourth, the global and European trend of
employment reduction will continue in agro-food
industry. The specificity of this problem for Serbia
and Vojvodina is the fact that radical deindustrialization has happened in the last two decades, which
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has lowered the rate of employment in April 2011
at the historical minimum of 45,5% of the working capable population. According to the authors’
estimations, one third of the working capable population in Vojvodina has neither constant job nor determined profession. A significant part of this population found solutions for their existential problems
in the natural production at small properties and
periodical work at the black market.
Besides these implications on the development
of agro-food industry in Vojvodina, having their
results in trends of the European environment, it is
also necessary to emphasize some key external and
internal implications for which it is necessary to find
appropriate solutions by developing new technologies and business and organizational innovations.
Firstly, some specific solutions must be found
for the following: (1) low valorization of basic resources (land, work and basic mechanization) in
relation to the previous maximums, (2) land degradation, resource exhaustion and environmental
pollution that have happened in the last twenty
years, (3) more investments in the contamination protection of raw materials of any kinds, and
(4) more investments in keeping raw materials in
the regular way until delivery to external markets
(Adzic, 2008 a, b; Adzic, S. and Adzic, J. 2009).
The second implication is associated with the
problems originating from the way on which the
preparation of Serbia and Vojvodina is carried out
for EU integrations. It is certain that access to the
process of European integrations gives chances
for a bigger export growth (at great prices) of
those food products that can better than other ones
satisfy needs regarding to: (1) exclusivity, (2)
natural quality, (3) diet, and (4) health. Such segments of food almost do not exist now, but it is
certain they can be produced in Vojvodina. These
segments will appear when export food policy be
formulated and carried out at great prices.
The third implication is associated with the fact
that the current and expected effect of cited development trends in agro-food industry is very diversified, starting from incremented improvement of
the existing business organization and technologies to the development and applications of new
sophisticated production and organizational and
technological solutions in production, storage,
processing, transport and food distribution. ThereVolume 6 / Number 4 / 2011
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fore, the cumulative development of EU agro-food
industry is a mixture of: (1) independent activities
of individual participants (production, storage,
processing, transport and distribution - authors’
note), (2) policy of their mutual associations from
case to case, (3) activities of multinational corporations (TNC) and multinational enterprises (MNE)
and direct foreign investments, and (4) organized
cooperation of the governmental, regional, subregional and local economic administrations. The
characteristic of Serbia and Vojvodina is that we
have failed in developing institutional arrangements, market institutions and mechanisms of
the public regulation, which would stimulate the
mobilization of all individual and group initiatives
and resources for advancing competitiveness in
food production for foreign markets.
The short synthesis of development trend implications in the domain of agro-food industry and
its copying in the set of goals is the following. Although some dangers from EU environments are a
threat for the current economic and business policies of production and food export from Vojvodina, there is also enough space for realizing more
worthy export with smaller resource consumption
and more stable participation in EU food markets.
It is a basic condition for competitive development of regional agro-food industry above the
minimally determined necessity to survive.
The Choice of Basic Methodological
Approach
It is certain that defining the general socio-economic framework for coordinating individual and
group initiatives and resources for revitalizing and
advancing competitiveness of agro-food industry in Vojvodina, according to the criteria of open
economy, represents a complex problem. It is quite
certain, without detailed elaboration, that revitalization and advancement of competitive processes,
products, agricultural farms and enterprises in (regional) agro-food industry at the end lead down to
the process of global commercialization based on
dynamic creation and development: (1) economical
self-sustainable farms (commercial family farms,
before all), (2) appropriate physical and market infrastructures and specialized circles of commercial
Volume 6 / Number 4 / 2011

and financial capital. (3) appropriate non-production
infrastructures, and (4) infrastructures for the public
regulation of business and development, which will,
through private and public educational, developmental and research, production, turnover and financial
activities, provide relatively stable and stimulating
conditions for simple and expanded reproduction.
In this context, the essential condition for economic
and developmental revitalization (regional) agrofood industry is that farms, cooperatives, producing
and commercial enterprises form its structure. They
have: (1) macro, mezzo and micro organizational
structure and management system capable for efficient production, storage, processing, transport and
food distribution adapted to individual requirements
relating to quality, price and availability, (2) appropriate physical resources and staff, (3) healthy financial structure, and (4) flexibility enabling fast and
efficient reaction to the changes in natural, internal
and external socio-economic environment.
Therefore, the basic methodological approach
to determining the strategic framework for implementing the cited requirements from (1) to (4) is
determined on the basis of critical analysis of goals,
mechanisms and results of the development model
of agro-food industry in Vojvodina from 1953 to
1980. The model of development in this period
was directly relied on the implementation of organizational, business and technological solutions
being developed and applied in production, storage, processing and food transport in the U.S.A. in
the period from 1945 to 1960. It relates, before all,
to the domain of constituting and developing the
basic production-organizational systems (in accordance with contemporary scientific knowledge, as
an appropriate mix of industrial districts, i.e. the
centers of agro-food industry production, clusters
and poles of generic growth - authors’ note). Three
key elements, being of interests for the structure of
this work were: (1) constitution and development
of the innovation system, (2) providing conditions
for an even territorial development of agro-food
industry by means of appropriate infrastructure in
industrial environments and agro-food industrial
centers, and (3) associating the factors of production, storage, processing and food transport within
the frameworks of local or sub-regional systems.
In Vojvodina, in the period from 1955 to 1970, a
powerful and efficient innovation system was built
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by means of US and FAO technical aid (networking two poles of generic growth formed within the
frameworks of the High-Schools of Agriculture in
Novi Sad and Belgrade. There were units being responsible for research and development within the
frameworks of the local and sub-regional business
systems). Thanks to this innovation system, Vojvodina realized in the 1970th - 1980th the highest
technological level and competitive power in the
primary agricultural production and manufacturing in relation to agro-food industries in other European socialist countries. However, about 1980,
for reasons that do not belong to this work, the
innovation system development was stopped because it stopped to produce knowledge and transfer it to products and processes in the way where
innovators profit and consumers have new values.
The development of agro-food industry in Vojvodina in the period from 1953 to 1980 developed within the frameworks of seven industrial
districts (Novi Sad, Subotica, Panćevo, Zrenjanin,
Sremska Mitrovica and Vrbas), and 15 agricultural-industrial centers (respectively Novi Sad,
Bačka Palanka, Bečej, Subotica, Bačka Topola,
Ada, Pančevo, Vršac, Zrenjanin, Kikinda, Sombor, Sremska Mitrovica, Ruma, Vrbas, and Kula).
In the early 1960th, the process of big business
systems started in all of the cited centers supported by political measures, emulating the plantorganized enterprises in US agro-food industry. In
the middle of the 1970th, a new political decision
caused their partial demolition, firstly by transferring financial power to the lowest business units
and the whole process of decision-making. From
the aspect of today’s knowledge, these business
systems can be classified as the clusters led by
natural resources.
In the period of transition, the cited agricultural-industrial centers and their clusters disappeared.
In the analysis of this phenomenon, we must take
into consideration the fact that most of them lost
the development function about 1980... However, it
is worrying that nothing has been done since 2000
to find any solution.
At first sight, the situation in the domain of innovation systems for the need of regional agrofood industry is much more favorable. Although
the resources in the framework of cluster formed
in the socialist period were destroyed together
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with their disappearance, the state of resources in
the state property, to many dimensions, (number
and structure of organizations for education and
researching, number and structure of teachers,
scientists and researchers, available space, experimental farms and equipments, to a certain degree)
remained quite respectable. However, institutional
arrangements supporting this part of innovation
systems are far from the capability to provide its
modernization role in the process of preparation of
agro-food industry in Vojvodina for the European
integrations (Matejic, 2008, 2009). In this context,
the innovation system in agro-food industry in Vojvodina, in the strict (scientific) meaning of this
term does not exist because where there are no innovations (in the way where innovators profit and
consumers have new values - authors’ note) there
are no innovation systems.
The current structure of agro-food industry in
Vojvodina (as well as in Serbia) includes, mostly,
the mass of new and old, middle, small and micro
farms and enterprises (according to the definition
of mutual EU institutions) grown on the remains
of inherited organizational structures and production capital. The biggest problem is that after two
decades, they have not been profiled business-like
enough to be able to carry further development of
agro-food industry to exogenous criteria of open
market economies, especially those structured to
the European concept of endogenous, self-propulsive and self-sustainable regional development.
Therefore, in the expert, especially in the political
public, the key solution for restoration of developmental propulsion in agro-food industry (as in all
other industries - authors’ note) sees in foreign direct investments. Not elaborating it further, authors
think that foreign direct investments in the last two
decades have been irrelevant at least for the development of regional agro-food industry, especially
from the aspect of solving the key regional (and
national) economic and social problems. Some of
them are high unemployment of labor and production capital, as well as big disequilibrium in foreign
economic relationships induced by small volume of
export where dominate goods with low added new
created value (corn, wheat, sugar) and the absence
of internal efforts for radical advancement of international competitiveness of the whole (national and
regional) social and economic structure.
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To surmount the state of development entropy,
authors think that, starting from the results of critical
analyses of historical heritage, we should find solutions to provide the constitution of new productionorganization pattern for functioning agro-food industry in Vojvodina. In this context, as an essential
methodological approach in determining strategic
frameworks for sustainable development, there is the
need that every subject of regional agro-food industry (family farms, cooperatives, producing and commercial enterprises) integrates in one complex and
hierarchically established system with five levels:
The first (basic) level should include economically self-sustainable farms (before all in the form
of family commercial farm) in the specific and institutionally regulated frameworks of regional or
national socio-economic environment. Its basic
task is to initiate, through the complex package
composed of public goods and services from the
public administration, and support the process of
establishing the world competitive primary agricultural producers.
The second level should include individual subjects of agro-food industry united in business networks and associations or export macro clusters
organized to basic lines of production (in case of
Vojvodina, before all, for sugar, oil, bio-diesel, milk,
pork, poultry, beef, and similar). It should be done in
the way, which provides economically and technologically efficient business in the conditions of other
rigidities imposed by protectionist-oriented agricultural policies of developed market economies.
The third level should include individual subjects of agro-food industry united in macro reproduction entireties with the core located within the
frameworks of Vojvodina or Serbia, where optimal
regional or national social division of work is provided, as well as physical input supply. Especially
energy, basic reproduction material, intermediary
products, machines and equipments supply it. It
must be also supplied by services (business services, traffic services), storage and cross-border trading under the most favorable economic and technical conditions. In the broader sense, these macro
reproduction entireties should be included in large
(agro) commercial companies to provide input, as
well as marketing, storage, transport, cross-border
trading and disposal of goods in target segments of
the global market.
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The fourth level should include individual subjects of agro-food industry in institutionally regulated frameworks of regional or national socioeconomic environment. Its basic task is to provide
human and financial capital, public goods and services of administration, in the way that will stimulatingly affect their behavior to satisfy broader socio-economic goals. It means the establishment of
equilibrium in the foreign-economic conditions,
advancing conditions of life and labor in the territory of Vojvodina, based on criteria of increasing
product competitiveness, processes, business, enterprises and macro reproduction entireties.
The fifth level should include the subject of regional agro-food industry within the frameworks of
selected segments of the European and global food
market. Its task is to provide to every subject of
agro-food industry the economy of scale and stimulation of development of those productions that can
based on available production factors to reach the
level of efficiency and competitiveness regarding
to prices and quality in the conditions of keen and
uneven international competition. It should be done
with those that will be developed in the future.
In the suggested production-organizational system, only two fields can be clearly divided. The first
and the key field is associated with creating the social and economical environment that should initiate
and support the project of building globally competitive primary agro-food production according to the
model of economically self-sustainable farms (before all, according to the model of commercial family farm). This project, because of different natural,
economic and other conditions in relation to the rest
of Serbia, must have an expressive regional feature.
However, in the second cited field (including from
the second to the fifth level) there is no sharp limits
between some levels. In addition, it is not possible
to determine the precise limit of division of authorities between the central and regional factors. Only
the real economic life can give a precise determination of these limits that are based on the analysis
of efficiency of some solutions in realizing the final
aim. It is the complete exploitation of natural and
work-created resources. Therefore, there should be
problems for determining the standards for evaluating results, as it is easy to find suitable patterns in the
target European environment. In case of Vojvodina,
it should probably be Denmark and its results.
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The suggested production-organizational structure is not enough to determine the framework for
sustainable development of regional agro-food
industry. The framework for sustainable development of agro-food industry is part of the broader
framework of the total regional, i.e. national economy, but also the broader environment from the
closer and furtherer international environment.
Every element in this way determined framework
reflects in direct or indirect way the position of
concrete interest group that is included directly
or indirectly in agro-food industry and creation
of economic, developmental, agricultural, technoActors

logical, industrial, as well as educational, rural and
social policies (European, national, regional, subregional and local ones).
In this context, in outlining institutional reforms, economic and business policies for structuring a new production-organizational pattern of
regional agro-food industry, we should include,
besides the public sector and the private sector,
as well as consumers and employees with international connections “up to down” and “down to
up”. Let us see, from the methodological aspects,
who the basic actors are and what their interests
are in this determined reproduction chain.
Interest

Commercial
family farms

high profitability of business associated with primary production.
Easy and cheap access to inputs (low prices and high energy quality, intermediary
products and business services, reliable and timely supply, high degree of freedom in
choosing suppliers in the country and abroad).
Cheap financial support in the process of production and storage of primary agricultural
products.
Small fiscal taxes for primary products.
Stable external business conditions, before all, by the application of purchase
instruments of primary agricultural products at great prices and no restriction relating to
quality and quantity.
Good protection of primary agricultural production from foreign competition
Dislocation of business, sanitary, security and other risks in production on external
partners in the chain of reproduction, workers and the state.
Small public regulation degree of quality of primary agricultural products.
Small regulation degree of the environmental protection and natural resources
exploitation.
Freedom in choosing the volume and structure of production.
Big offer of cheap labor adapted to seasonal and market variations.

Food industry

High business profitability connected with food processing.
Easy and cheap access to inputs (low prices and high quality of primary agricultural
products, energy, intermediary products and business services, reliable and timely
supply, high degree of freedom in choosing suppliers from the country and abroad).
Cheap financial support in the process of production, storage, turnover, export and
investments.
Public support in providing access to foreign markets.
Small fiscal taxes.
Stabile external business conditions.
Good protection of products from internal and international competition.
Dislocation of business, sanitary, security and other risks in production and storage
relating to workers and the state.
Small degree of public regulation of prices and quality of final products.
Small degree of regulation of the living environment and natural resources exploitation.
Freedom in choosing the volume and structure of production.
Freedom in choosing the volume and structure of employment.
Big offer of cheap labor adapted to seasonal and market variations.
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External
factors in
the chain of
reproduction
Trade
Banks
Insurance
companies

High profitability in production services for agro-food industry.
Favorable (international and competitive) prices of food.
Appropriate quality of products (the most favorable relation between price and quality).
Wide assortment of products of food.
Short terms of delivery (just in time).
Freedom in choosing the volume, way and cooperation with other partners in the chain
of reproduction.

Consumers

High quality life and health safe products of food.
Low prices of food.
Broad assortment of food in accordance with individualized possibilities and needs of
consumers.
Reliable and timely supply.
Reliable information on food products.

Employees

High employment stability.
High living standard.
High degree of health care and health care at workplace.
Precisely and transparently regulated working hours.
Possibilities for professional training and education.

Public sector

Creating the ambient for internationally efficient production of food.
Balanced foreign-economic relationship in the short-, medium- and long-term.
Reliable market supply of existential food products at acceptable prices for every
category of consumers.
Dynamic development of production and employment.
High and stable fiscal incomes.
Life and health care of consumers.
Life and health care of employees in agro-food industry.
Environmental protection and advancement.
Sustainable economic development and rational resource exploitation (agricultural land
and water, before all).
Conflict minimization inside and between of agro-food industry actors and external
factors of reproduction, industry, consumers, employers and employees.

European
union

European integration of market inputs in agro-food industry with reducing subventions
and reducing the level of the customs and non-customs protection to the outer world.
European market integration of food with reducing subventions and reducing the level
of the customs and non-customs protection to the outer world.
Harmonization of regulations, technical-technological standards, rules on protection
and advancement of the living environment, life and health care of consumers and
employees, sustainable development, resource exploitation.
Conflict minimization between the countries because of different interest structures in
keeping and development of national structures of agro-food industries.
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Results
Solutions for structuring a good framework for
sustainable development of agro-food industry in
Vojvodina, it is important to apply the mix of institutional reforms and policies in the following:
(1) development of good business ambient for
export business in the domain food, (2) advancement of all the forms of management, especially
in the domain of export macro clusters, business
networks and associations in the sector of production of public goods and services of the public administration for the needs of regional agro-food
industry, (3) creation of conditions for bigger participation and provision of consensus of economic
and social partners in the chain of reproduction of
agro-food industry, and (4) precise and transparent
professionalization and decentralization of functions of the public regulation of agro-food industry in Vojvodina. If we put the cited in the context
of determining the changes, which should create
conditions for constituting a desirable structure
of the framework for sustainable development of
agro-food industry in Vojvodina, it is possible to
determine five directions of activities.
Firstly, the reallocation of production and innovation potential for forming (cited) the production-organizational system appropriated to market
business principles.
Secondly, changes in the system of development of an organization, investment planning and
innovation. In the market system, farms, production and commercial enterprises independently
make decisions on definition and implementation: (1) projects for associating with other enterprises, (2) investment programs, i.e. (3) programs
for generating and valorization of innovations.
The natural short-term characteristic of these programs and projects is unavoidable, i. e. we cannot
expect their decision-making and forming for the
long-term. It is not a problem because, in this way,
important results can be reached in the domain of
creating new micro and mezzo production-organizational systems, improving the current processes
and production increase. The top regional research
institutions and collaborators, regional government organs and economic associations, based
on the tendencies of economic, technological and
structural development in the global and relevant
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environment, must define the long-term projects
and programs. The basic goals are the creation
of new knowledge bases and their transferring to
new organizational forms, technologies, business
processes and products for advancing competitiveness and competence in the long- running.
Thirdly, the new model is for arranging relationships and behavior in agro-food industry.
Relationships and behavior of enterprises should
be regulated by determined criteria of their business and innovation strategies. The market-regulated producers will define themselves the best
criteria for determining activities associated with
decision-making on the forms of associating with
other companies, investments, generating and
implementing innovations. Contrary to this, behavior and relationships in the basic and strategic
researches should regulated by criteria coming
from outside, from institutions, organs and organizations participating in their financing, i.e. the
relevant international environment.
The fourth direction is restructuring the system for financing agro-food industry. Resources
for financing the process of development of a new
production-organizational structure, investments,
i.e. innovation undertakings should be structured
based on its purpose. Producers (commercial
farms and enterprises) should finance the needs
appearing as a response on market signals obligatory. Financing the actions, whose results cannot
be recognized by means of market information
(those primarily connected with basic and strategic researches) should be from public resources in
line with economic possibilities of the region to
support carefully defined intentions at the European, i.e. global level. In both cases, there must be
solutions that will enable neutralizing high risks
of the pursuit for new production-organizational
models, innovations and implementation of other
results (as new organizational forms, technologies, processes and products). The scientific recommendation suggests the creation of risk circles
of (private) capital, and then creating the specialized (public) regional funds or programs.
The fifth direction is increasing the model efficiency to evaluate associating with other actors,
investment programs, i.e. innovations. Projects
and programs generated by market demand have
ex-ante integrated evaluation because they are deVolume 6 / Number 4 / 2011

technics technologies education management

fined by means of marketing, selling, production
and other commercial or technical criteria. The
market of interactions existing during generating
and implementing of these programs and projects
in farms, i.e. enterprises provide evaluation as
needed, and the result (increase of production, improved or new product) certify the market through
the advancement of economic efficiency (profit)
and market share increase. The key problem is
the evaluation of basic and strategic researches.
There is not appropriate market or valid standards
to do that. For successful solving this problem, it
is necessary, in order to choose actors of the political system and public regulation, to pay more
attention to possessing and using: (1) specific
knowledge and skills, (2) capabilities of credible
understanding the problem and finding solution
in complex and uncertain circumstances, and (3)
specific capabilities to find solution and be persistent in their realization.
Horizontal measures (national, regional,
sub-regional and local) policies
Agricultural policy
Policy of competition
Trade policy
Industrial and technological policy
(policy in the field of research and
development)
Labor market and Social policy
Education and training policy

In the context of the cited interactions, the diagram of activities of public factors in creating the
framework for sustainable development of agrofood industry in Vojvodina can be illustrated in the
following form:
The basic goal – Constitution of the framework
for sustainable development of agro-food industry
in Vojvodina by strengthening the infrastructural
comfort for private investments and structural adaptation of agro-food industry and labor
Discussion
In the analysis of operationalization of the suggested conception for constituting the framework
for sustainable development of agro-food industry
in Vojvodina, we have to be aware that science,
even in the dominant understanding of its essence, cannot successfully develop the methods

Vertical (sector) measures (national, regional, sub-regional
and local) policies:
Dynamic stimulation:
Withdrawal:
Food production increase at great prices
Small farms
Competitiveness of farms, enterprises,
products and processes
Free access to home and foreign markets
Poles of generic growth
Business networks and associations
Macro-export clusters
Improvement of labor performance

Space policy

Rehabilitation of development poles
(industrial districts and centers in agrofood industry production)

Policy (strategy) of infrastructure
development

Development of field road networks
Development of irrigation systems
Development of logistic bases and border
crossings

Institutional aspects:
United market (integration of national markets in the EU united market)
Funds (common, national, regional, sub-regional, local)
Strengthening business, regional and international cooperation)
Institutional associating with other forms of economic, development, technological, education and
ecological policies
Economic aspect (i.e. dialogues between different interests of small units in the primary agricultural
production and other actors in the reproduction chain of agro-food industry
Social dialog
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and mechanisms for solving all the cited elements.
Therefore, the essential existential questions of
formulating and realization of the strategy for its
constitution, on the one side, is the result of interaction between the individual and group entrepreneurial and managerial initiatives, while, on
the other side, it is left to the voluntarism (firstly
to regional, national, sub-regional and local) politicians. This statement directly faces two main
problems in developing the new model of business in Serbia and Vojvodina.
The first problem originates from the fact that
the basic task of the new framework for sustainable
development is the growth of competitiveness. To
increase competitiveness of agro-food industry in
Vojvodina, it is necessary to invest in the new organization, new equipment, new knowledge and
skills, but before all, important are those who will
be able to organize labor and capital be profitable
in the keen competition and uneven match in the
target segments of the European and global market. Therefore, productive entrepreneurs with very
different and specific knowledge and skills are
necessary because of the character of business in
agro-food industry. The situation in the field of entrepreneurship in Serbia and Vojvodina is opposite
because the broker entrepreneurship dominates.
There are different opinions about basic causes
of domination of the broker entrepreneurship in
Serbia and Vojvodina. However, from the aspect
of the theme, the key aspect is that restructuring
the national economy, after restoration of capitalism, in the first phase of transition (from 1990 to
end of 2000) developed within the framework of
the “shadow” economy and the “brotherly” privatization. After the radical political changes at the
end of 2000, their key protagonists legalized their
business, i.e. their ownerships. It resulted in closing market for other participants of the market
matches. That is why the flood of effects of the
global financial and economic crisis, among other
things, showed that pardoned protagonists of the
“shadow” economy, the “brotherly” privatization
and the culture of small economic freedoms were
not able to fulfill the basic mission of the entrepreneur class – to move the horizon of personal progress and to move it for the society. The key consequences are the low level of institutional capabilities and investment shortsightedness. The result is
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a very slow increase of infrastructural comfort and
the efficiency of real economy, and weakening the
performance of human capital.
The second problem is in the domain of the innovation system. Namely, from the aspect of market economy, the innovation system that does not
produce innovations and new values to the user do
not exist. To eliminate doubts in the exactness of
this assertion, we will not cite the best European
accomplishments (Holland, Denmark, France).
For example, China is, besides foreign-trade deficit in food turnover, the best world producer and
a very important exporter. The special paradox is
that Vojvodina, by authors’ estimate, in case of
reaching the factor productivity of Chinese agriculture, should produce no less and no more but almost a million tons of meat and fish, i.e. five times
more than the current production. This production,
in contrast to China, where it is partly increasing,
has been continually decreasing for more than two
decades (meat from 293.000 t. in 1990 to 196.000
tons in 2009, while fish production (besides huge
potential possibilities for qualitative and cheap
production) stagnates at the reached level in 1990,
of about 6.500 tons).
In this context, solutions for constituting the new
framework for sustainable development of agrofood industry in Vojvodina, according to the European concept of endogenous, self-propulsive and
self-sustainable regional development, we should
seek in better public sector management and private
sector management in order to create conditions for
the precise identification of concrete (local, i.e. subregional) comparative advantages and weaknesses.
We should also find the ways of their transformation, i.e. elimination in line with it (regional, subregional and local) institutional reforms, economic,
agricultural, technological, industrial, educational,
rural, social and ecological policies.
For that purpose, the cited taxonomy is the
authors’ attempt to determine the key principles
on which we should establish reforms of institutions and policies to constitute the framework for
sustainable development of agro-food industry in
Vojvodina in line with the European concept of
endogenous, self-propulsive and self-sustainable
regional development.
Firstly, hard work is needed on creating conditions for strategic business planning and deveVolume 6 / Number 4 / 2011
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lopment of new business culture and public actions. The reforms done in the period from 2001 to
2010 failed to create a good climate for realizing
the efficient development of agro-food industry in
Vojvodina, before all, because of inadequately determined role of (central, regional) the state and
local administrations in the economic, social and
cultural development. The consequences are double. The time horizon for efficient (macro, mezzo,
business) planning is tragically short, therefore,
very often / one year is the far future. On the other
side, practically nothing has been done on the promotion of phenomena that represent the cultural
basis of an efficient (business, mezzo and macroeconomic) policy in contemporary market conditions, as the public transparency, precision, expertness, responsibility and trust.
Secondly, we should become aware that the foreign capital cannot solve regional development problems, nor dynamically increase investments in this
industry. Because of institutional disorganization,
problematic macroeconomic and political stability
and generally low development performances of the
society and economy in Vojvodina (and Serbia), its
current goal is profit in the short-run, which must
be harmonized with the advance of performances
of regional agro-food industry and establishment of
balance in foreign-economic relationships.
Thirdly, we should clearly and definitely accept
the attitude that public sector management and private sector management must be based on knowledge and convictions about that how agro-food industry functions, as well as farms and production
enterprises in the open market economy and how,
in this context, together with the system of economic goal, to realize social and political goals. In
contemporary society, the choice of goals and determining their sequence priority is, primarily, the
result of political struggles between some interest
groups, not the result of some optimal process of
social decision-making. Therefore, the basic principles for finding better solutions for public sector
management and private sector management are:
(1) multi-criteria problems that should be solved,
(2) better understanding of transitional events,
especially the resistance to changes marked by
the process of reconstruction and advancement
of institutional performances, and (3) instability
of social preferences in determining the volume,
Volume 6 / Number 4 / 2011

structure and quality of goals and actions of institutional reforms and policies.
Fourthly, outlining and realizing reforms (regional, sub-regional and local) of institutions and
policies must be based on three criteria: (1) decentralization and distraction of functions of the
public regulation with of view of approaching to
users and providing work flexibility. The basic
challenge is how to provide work coordination
and control, without violating freedom of the low
levels of the organization of authorities, (2) introduction of the system of quality standardization of
public goods and services of the public administration to satisfy differentiated needs of actors in
agro-food industry, and taking on business techniques and orientation to some expectations and
supplementary resources for their supply, and (3)
advancement of legislative mechanisms – improvement of quality of normative regulation, cost
reduction of their implementation and advancing
the system of monitoring and control of execution
by taking on techniques of monitoring and control
of business activities.
Fifthly, the following instruments should be
used efficiently in the preparation and realization
of reforms (national, sub-regional and local) institutions and policies: (1) human resource management, based on scientific programs for staff choice,
job introduction, education, staff development and
improvement of motivation, (2) information technologies to provide better quality, faster access to
public goods and services of the public administration and control of flows of their reproduction,
and (3) market mechanisms, especially partnership mechanism in the public and private sector.
At the operative level, the use of these instruments
is based on the application of management principle in activities of the state in the economic sphere
(macroeconomic management).
Sixthly, the basic forms of private sector regulation in agro-food industry are commercial farms,
multinational enterprises (MNE), business networks, associations and macro clusters oriented toward food export at great prices, to avoid the previous mistakes in modeling public policies to order of
farms, i. e. enterprises. It is necessary to work persistently and hard on development of political and
economic culture based on participation of those
who are involved in any way in solving problematic
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situations based on the so-called development-oriented coalitions. In associating resources, they see
possibilities of penetration to the target segments of
the European, i. e. global market at higher prices
as the basic source of growth and development for
providing profit and increasing individual wealth.
Seventhly, results measuring the institutional
reforms, economic, development, agricultural,
technological industrial, social, rural and ecological policies, on the one side, and business policies
on the other side, must include the component that
would aggregate the results of implementation:
(1) empirical models for functioning commercial
farms and enterprises in contemporary market
economies, (2) joint (legal) EU heritage (Acquis
communautaire) in the field of agro-food industry.
These factors are a good basis for designing the
system of standards for evaluation their successfulness. However, on the other side, their implementation is associated with high economic and
social costs that directly exert influence on public
expense increase and business costs of microeconomic subjects. It directly reduces space for realizing other, at this moment, more important tasks
in the domain of revitalization, modernization
and construction of physical, business and the innovation infrastructure for the needs of regional
agro-food industry, as well as development and
restructuring of farms, enterprises, processes and
products in this industry.
Conclusions
Necessary conditions for constituting the framework for sustainable development of agro-food
industry in Vojvodina in line with the European
concept of endogenous, self-propulsive and selfsustainable regional development are bad. There
are not modern market, business and public institutional system and satisfying efficiency in performing commercial and public jobs. The key problem
is the fact that the critical mass of productive entrepreneurs, managers and expert teams capable
to cope with problems and challenges of a very
complex revitalization of developmental functions
of agro-food industry (for export increase at great
prices - authors’ note) has not been created in Serbia
and Vojvodina in the last 20 years.
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In this context, we could draw the conclusion
that a desirable strategy for constituting the framework for sustainable development of agro-food
industry in Vojvodina cannot be realized in the
near future. However, its constitution is not vitally determined as unfeasible. The main finding
of this research is that the focus of management
of public sector and management of private sector
in the function of constitution of the framework
for sustainable development of agro-food industry
in Vojvodina should be on creation of conditions
for implementation of the European concept of
endogenous, auto-propulsive and self-sustainable
(regional) development based on scientific knowledge. In this context, its actors are facing two
main tasks. First one is to find a solution for active
inclusion in creation of the conditions based on
principles of self-organization, and the second one
is to base the system of their motivation on more
complete valorization of acomplishing something,
then doing someting.
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Abstract
Finding a solution to the course timetabling problem is a highly difficult optimization problem due to
the wide variety of constraints and the potentially
huge size of the data to handle. Genetic algorithms
and tabu search are two solution methods which are
widely used for timetabling problems. In this study,
these two methods have been applied to the course
timetabling problem defined. Two separate computer programs have been developed to employ each of
the solution methods, and these two programs have
been run with the same input data. The two methods
have then been compared with respect to the quality
of the best solution reported by each program, the
route in the solution space leading to the best solution reported, and the cost of finding each of the best
solution. The best solutions have been observed not
to be significantly different in quality.
Key words: Timetabling, Academic timetabling, Genetic Algorithm, Tabu Search
1. Introduction
Course timetabling is among the hardest managerial jobs that can be met in all academic institutions.
This problem can be defined as the assignments of
courses to rooms and time slots while respecting
some rules and satisfying maximum amount of objectives. Preventing course clashes and assigning
courses to suitable rooms in terms of capacity and
feature are examples of rules to be respected.
It has been showed that (Costa, 1994) all timetabling problems are in the class of NP-hard problems.
The heuristic methods that have been used widely in
the solution of these problems do not guarantee to
930

obtain an optimal solution. Instead, they may only
guarantee to get solutions close to optimum. Metaheuristics Network states that there are five main metaheuristic paradigms: Evolutionary Algorithms, Ant
Colony Optimization, Tabu Search, Simulated Annealing and Iterated Local Search. Abramson (1991)
presented a solution to timetabling problems using
simulated annealing. Carrasco and Pato (2000)
applied a multi-objective genetic algorithm to
class/teacher timetabling problem. Gaspero and
Schaerf (2000) presented solutions to exam timetabling problems using tabu search techniques.
Eley (2006) presents a max-min and ant colony
based approach for exam timetabling problems.
In timetabling problems, the utilization of the
limited resources such as classrooms, laboratories,
portable equipments and even available times of
instructors is very important. In addition to preventing conflicts among the resources, there are
many other requirements in course timetabling
problems. Assignments of courses to preferred
time slots of the instructors, minimization of gaps
in the timetables of both students and instructors are among the other requirements. Bardadym
(1995) classifies these requirements as hard constraints and soft constraints. Hard constraints define the feasibility criteria, and all of them should
be satisfied; while soft constraints define the optimality criteria of an optimization problem, and
they should be satisfied as much as possible.
1.1. Genetic Algorithms
A genetic algorithm (GA) is a search heuristic
that mimics the process of natural evolution. This
heuristic starts from a population of initial soluVolume 6 / Number 4 / 2011
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tions, and evolves toward better solutions. At each
generation, a number of solutions (individuals) is
selected to reproduce, and a new population of
solutions is generated. Encoding of the solutions
(chromosome representation) directly affect the
performance of a genetic algorithm. Binary encoding has been the most widely used encoding
strategy for a long time, but today this encoding
is very impractical for many optimization problems (Mitchell, 2002). Goldberg (1989) suggests
that the simplest encoding to represent a candidate solution should be chosen.
The following steps outline generation of a
new population from an initial population:
–– Select two individuals (candidate solutions)
from the current population
–– Apply crossover to selected individuals to
generate two offsprings
–– Mutate offsprings
–– Put offsprings into new population
–– Repeat steps 1 to 4 until population size of
offsprings are created for the new population
After a new population is created, old population is deleted, and the new population takes
place of the old population. This process is continued until a predefined number of generations is
passed, or until obtaining a sufficiently good individual. Elitizm strategies are applied in order to
not to lose the good individuals produced in previous populations.
1.2. Tabu Search
Tabu Search is a search method that was developed to find a global optimum to combinatorial
optimization problems. This method starts from
one starting point, and continues to search until a
termination condition is satisfied (Glover, 1989).
The neighbouring solutions of the current solution are searched with the hope of finding better
solutions. If the computational cost of searching
all the neighbours is very high, a candidate list
strategy should be applied in order to narrow the
search space (Glover and Laguna, 1997).
Tabu search (TS) uses adaptive memory while
directing the search process. TS method keeps
the previously visited solutions in memory, and
Volume 6 / Number 4 / 2011

moves by making strategic choices. Glover and
Laguna (1997) define the most important distinguishing property of TS as the
exploitation of adaptive forms of memory.
These take the form of short-term memory strategies and long-term memory strategies. In shortterm memory, some characteristics of the recently
visited solutions are defines as tabu-active, and the
solutions containing these tabu-active elements are
defined as tabu. This process prevents the recently visited solutions to be considered in the set of
neighbouring solutions. This solution ensures that
the solutions containing tabu-active elements are
not revisited (Hertz, 1991). Each tabu-active element is kept in a tabu list for tabu tenure number
of iterations. Glover and Laguna present tips for
defining a tabu tenure for each element in the tabu
list. Short-term memory TS produces high-quality solutions for many optimization problems. The
power of the search process may increase significantly by incorporating long-term memory structures.
A simple TS procedure is presented below:
–– Create an initial solution
–– Generate neighboring solutions, evaluate
them and choose one of them
–– Assign newly chosen solution as the current
solution and update tabu lists
–– Repeat steps 2 and 3 until a termination
criteria is satisfied.
2. Definition of the Problem
The course timetabling problem that is considered in this study is mainly a curriculum-based
timetabling problem. The compulsory and elective
courses that can be taken by students from each
curriculum are known. The number of students
that may attend each course is inferred from the
previous year’s data; therefore, the room requirement of each course is approximately known. In
addition, assignments of instructors to courses are
completed prior to the timetabling process. The
hard constraints of our problem are defined below.
1. Timetable should be complete; that is, all
hours of each course should be scheduled
2. At most one course should be assigned to a
room at the same time
931

technics technologies education management

3. At most one course of an instructor should
be scheduled at the same time
4. Compulsory courses should be assigned to
suitable rooms in terms of capacity
5. For each curriculum, there should be no
clash of lectures among compulsory courses
themselves and between compulsory
courses and electives.
The soft constraints considered in this paper
are identified below:
1. Electives should be assigned to suitable
rooms in terms of capacity
2. Courses should be assigned to preferred
times of their instructors
3. Weekly spread of the courses should be as
required. E.g, two-hour courses should be
spread into only one day a week; three-hour
courses should be spread into two days;
four-hour courses should be spread into two
days, two hours in each day. In addition, for
each course, all the hours scheduled in the
same day should be both consecutive and in
the same room.
4. Laboratory hours should be scheduled on a
single day consecutively.
The problem consists of assigning 140 courses
of 20 student groups to 15 rooms and 50 time slots
(5 days, 10 slots in each day). The number of the
instructors is 25. Each instructor teaches 5 courses
on the average. The aim here is to assign all the
courses to rooms and time slots in such a way that
all the above hard constraints are satisfied, and the
soft constraints are satisfied as much as possible.
3. Implementation
3.1. Implementation of GA
Encoding: Each candidate solution is represented by an nxm matrix, where n denotes the
number of rooms, and m denotes the number of
time slots in the problem. Courses are the elements placed in the cells. A similar representation
is used by Carrasco and Pato (2000). This encoding represents the timetables of rooms. Because
the instructor of each course and the curriculum
932

that each course belongs to is known, the timetables of instructors and curriculums may be constructed with no additional information.
Initialization: Initial solution matrix is filled by
starting from the first cell of the solution matrix. At
each empty position, a course has been chosen randomly and evaluated according to some constraints
which will be mentioned below. If that course cannot be assigned to the current cell, a new course is
chosen again, randomly. If no course is found available for the current position after a number of attempts, then the next position becomes the current position. The evaluation of the courses is performed in three steps. In the first step, all the hard
constraints and the weekly spread soft constraint is
respected. If there exists some unassigned courses
after step1, step2 is taken. In step2, all of the hard
constraints are respected. If there are still unassigned courses, step 3 is taken. In step 3, courses are
assigned to the first empty positions (Gülcü, 2006).
In the solution matrix, room 0 represents
the room with the minimum capacity. Rooms
are sorted in the ascending order of their capacities.
The redundant use of high-capacity rooms is prevented by this approach.
Evaluation: Each individual is given an evaluation value according to the satisfaction of all of the
constraints. This evaluation value contains information about the whole quality of the individual. If
there are clashes resulted from the relative positioning of the courses, this information is kept here. In
addition, a fitness value that contains information
about the absolute positioning of exams is also
kept for each individual. A local fitness value for
each course is computed separately. Fitness value
of an individual is computed by summing the fitness of each course. In each population, the individual with the best fitness value is assigned as the best
individual. A larger weight is defined for the violation of hard constraints than soft constraints.
Selection: Roulette-wheel selection procedure
is applied. Each individual is given a selection
probability proportional to its evaluation value.
In addition, a predefined number of bad and good
solutions are inserted directly to new population
in order to preserve diversity and not to loose the
best individuals of the previous population.
Crossover: Two selected parent individuals
exchange genetic information in order to produce
Volume 6 / Number 4 / 2011
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better offsprings. In our approach, two selected individuals exchange the courses with good fitness
value. Selected courses are inserted into the same
positions in offsprings. The crossover is performed
in several steps as in the initialization phase. Each
step is explained below:
Step1: In each parent, courses are sorted in the
ascending order of their fitness values. In Figure
1, a simple chromosome and the courses are illustrated. Each solution is represented by a 4(rooms)
x 8(time slots) matrix. Parent A and Parent B are
the individuals on which the crossover is going to
be performed. Starting from the best course, 40%
of all the courses will be copied from Parent A to
Offspring A, and from Parent B to Offspring B.

already present in the child or if it violates any of
the hard constraints. This step is illustrated in Figure 2. At the end of step 2, only the courses D2,
D10 and D6 are succesfully copied from Parent
B to Offspring A. Courses D10, D1, D6 ve D9 are
successfully copied from Parent A to Offspring B.

Figure 2. Crossover: Step 1 and Step 2

Figure 1. Crossover: Step1
Step2: In this step, 40% of all the courses is
copied from Parent A to Offspring B, and from
Parent B to Offspring A starting from the best
course. A course is not copied to the child if it is
Volume 6 / Number 4 / 2011

Step 3: In this step, each offspring tries to get
the missing courses from his parent. As shown
in Figure 3, Offspring A gets courses D8 and D9
from his parent while Offspring B can get no
course from his parent.
Step 4: In this step, each offspring tries to get
his missing courses from the other parent again by
respecting hard constraints.
Step5: If there are still missing courses in the
offsprings, these courses are assigned in a simi933
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lar fashion as in the initialization phase. Firstly,
each unassigned course is tried to be assigned to
the first empty position by respecting all the hard
constraints and weekly spread and instructor time
preference soft constraints. Secondly, the previous
step is repeated for the unassigned courses without
respecting time preferences of instructors. Finally,
if there are still unassigned courses, they are assigned to the first empty position by respecting
only hard constraints. In Figure 4, the complete
course timetables of two offsprings are illustrated.

Figure 3. Crossover: Step 3

Figure 4. Two offsprings produced by the crossover
Parameters: The proposed GA was run under
the following parameter settings.
–– Number of maximum generations: 150
–– Size of the population: 50
934

–– Crossover probability: 1
–– Mutation probability: 0.1
3.2. Implementation of Tabu Search
Representation of the solution and initialization: The same matrix representation is used in
TS as used in GA. Gaspero and Schaerf (2000)
suggest that starting from a good initial solution
may lead the search process towards better regions
more quickly than starting from a random initial
solution. Therefore, our initialization strategy is
based on producing a feasible initial solution that
satisfies the soft constraints as much as possible.
The first course to be scheduled is the course that
requires the highest-capacity room. This course is
tried to be scheduled in the first empty position. If
the course cannot be assigned to the current position based on the evaluation criteria, then the next
position is evaluated. This process is repeated for
all of the courses. The evaluation criterion that is
checked in this step is the satisfaction of all of the
hard constraints and weekly spread soft constraint.
If there are still unassigned courses, the previous
step is repeated for unassigned courses, but
this time courses are evaluated according to the
satisfaction of only hard constraints.
Objective Function: Each solution is evaluated according to the satisfaction of all of the constraints. Whenever a hard constraint is violated,
objective value of the solution is increased by the
penalty value of that constraint. A good solution
will have a smaller penalty value; while a poorquality solution will have a large penalty value.
Candidate Moves List: A candidate move strategy is applied in order to reduce the number of
moves to be evaluated at each iteration. Candidate moves are generated for the course that violates the constraints the most. This information
is kept in two lists that are updated after each iteration. The courses that violate any of the hard
constraints are kept in Hard Constraints Violations
list (HCV list). The courses that violate any of the
soft constraints are kept in Soft Constraints Violations list (SCV list). The courses are sorted in the
order of their violation degree in each of the lists.
The job in the first position violates the highest
number of constraints. At each iteration, the first
Volume 6 / Number 4 / 2011
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job in HCV list is chosen for generating candidate
moves. If HCV list is empty, then the course is
chosen from SCV list. Figure 5 illustrates the selection of a course.

Figure 5. HCV and SCV lists for a solution
As shown in Figure 5, the original room of the
selected course is room 2. The selected course is
evaluated for all of the positions in room 2. For
different rooms, the selected course is evaluated for the positions of all the courses having the
same number of teaching hours. Also, the selected job is evaluated for empty positions. The hourconsecutiveness of the course is not broken during
the evaluation for different positions. The objective
function value of the overall solution is recomputed for each new position of the selected course. Figure 6 illustrates the candidate moves generated for
the job whose selection was presented in Figure 5.
After evaluating all the positions for the selected job, the “best move” is selected as follows:
–– The move that gives the best objective value is
chosen, provided that it does not contain any
tabu-active elements. The acceptance of the
move completes the iteration, and all the
lists are updated at the beginning of the next
iteration.
–– If the selected best move is tabu or if it does
not satisfy the aspiration criteria, the next best
move is considered. If no move is found to be
accepted, current iteration is not completed.
The next course from the violation lists is
chosen, and candidate move list is filled for
that course.
Volume 6 / Number 4 / 2011

Figure 6. Candidate moves
Short-term and Long-term memory strategies:
A short-term tabu list is defined in order to prevent
the continuous repetitions of some moves. The
structure of the tabu list adopted in this study is
shown in Figure 7.

Figure 7. Short-term tabu list structure
After each iteration, the job performing the last
move is put into tabu list along with the information about its previous position. The course is kept
in the list for tabu tenure number of iterations. In
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this study, a static value is defined for tabu tenure.
After each iteration, tabu tenure of each element
in the list is reduced by one, and the element with
the tabu tenure of zero is removed from the list.
Figure 8 illustrates a course that is just put into
tabu list.

Parameters: The following set of parameters is
used for TS.
–– Maximum number of iterations: 150
–– Tabu tenure: 4
–– Length of TL: 10
4. A Comparison of GA and TS

Figure 8. Representation of a course in short-term
tabu list
A limitation on the length of this list is not defined because, the elements are removed from this
after a number of iterations. In order to keep track
of the algorithm starting from the first iteration,
long-term memory elements are incorporated. A
frequency-based long-term tabu list (TL) is defined in order to keep the courses which move very
frequently. The number of moves of each course
is kept in a separate table called Move Frequency
Table (MFT). After each iteration, the frequency
of the moving course is increased by one. MFT is
then checked in order to define the courses having
a frequency value higher than a predefined threshold. These courses are put into TL. TL is a fixedlength table; so, the course with the smallest frequency value is removed from the table whenever
the table is full. Both TS and TL lists are used in
order to check if the selected move is tabu or not.
Aspiration Criteria: If the selected move is
tabu, it is accepted if it is the best move found so
far. The information that is denoting that move as
tabu is removed from TS, but TL remains intact.
Release Strategy: If the value of the objective
function is not improved after a number of iterations, both TS and TL lists are cleared. This release strategy helps the algorithm to search new
regions (White and Xie, 2001).

Both methods were run on a simpler version
of a faculty timetabling problem at Marmara University. The constraints that are considered in this
problem were mentioned in Section 2. The two
algorithms are compared according to the criteria
defined below.
–– The quality of the best solution found,
–– The computational cost of obtaining the best
solution,
–– The trajectory of the search from the
beginning to the end.
Both of the solution methods were able to produce feasible solutions; therefore, the two algorithms are compared according to the optimality
of the best solutions found. The fitness value of
the best solution of GA is 66 while the objective
value of the best solution found by TS is 140. GA
could not satisfy time preference constraint for 17
courses while TS could not satisfy the same constraint for 41 courses. Additionally, TS violates the
weekly spread constraint for 3 courses while GA
violates for none. Both of the algorithms equally
satisfy the room appropriateness and laboratory
courses consecutiveness constraint.
In Table 1, the violation of each soft constraint
in the best solutions is presented. The amount of
time and the number of iterations to reach each
of the best solutions can also be found in Table 1.
Both of the methods were allowed to run for at
most 150 iterations. GA reached its best solution
after about 34 iterations, while it took 106 itera-

Table 1. Soft Constraint Violations
soft constrain1 soft constrain2 soft constrain3 soft constrain4 # of iterations
GA
TS
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0
0

17
41

0
3

0
0

34
106

CPU time
(seconds)
2290
7907
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tions for TS to reach its best solution. The amount
of CPU times required to reach the best solution for
each of the algorithms are also presented in Table 1.
At each generation, GA tried to produce better
individuals by using relatively good individuals of
the current population. This improvement continued for a number of generations. After a certain
number of generations, GA converged, and there
were no more improvements. Considering the
quality of the solution obtained, this convergence
is quite acceptable. We suspect that the reason
of this convergence is a result of the systematic
crossover strategy that we have applied. A random
crossover GA may not converge too quickly, but it
may not yield the solution with the same quality in
the same amount of time. As one can see in Figure
9, TS does not converge as quickly as GA, but TS
did not yield the same quality solution as GA.

Figure 9. Function values of the algorithms at
each iteration
At each iteration, TS accepted the current best
move that does not contain any tabu-active elements. This strategy enabled bad regions to have a
chance to be discovered. As a result, the objective
function of TS fluctuates. As one can see in Figure
9, this diversification strategy did not help TS to
obtain better solutions for this problem. In Figure
10, function values of the algorithms versus time
are presented.
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Figure 10. Function values of the algorithms at
each time
Conclusion
The aim of this study is to compare the performance of two meta-heuristic algorithms on a
course timetabling problem. The two algorithms
are not superior to each other in terms of the quality of the best solution found. Both algorithms
were able to yield feasible solutions, but GA
performed slightly better than TS for the satisfaction of some soft constraints. GA reached its
best solution after about 34 iterations, while it
took 106 iterations for TS to reach its best solution. The amount of CPU time that is required for
GA to reach the best solution is 2290 seconds. TS
reached the best solution in 7907 seconds.
The implementation of GA requires much
more effort than TS. Both GA and TS provide
great flexibility to the programmer. The programmer should exploit this flexibility well
and should make designs special to the problem at hand in order get high-quality solutions.
We compared the two algorithms based on the parameters and strategies that we have adopted. As
the selection of these parameters and strategies
directly affect the performance of the solutions,
even the two implementations of the same algorithm may yield solutions with varying quality. As
a further study, we aim to implement GAs with
different initialization and crossover strategies,
and to find the best set of strategies for different timetabling problems. Implementing TS with
different memory elements is also among our further studies.
937
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Abstract
This document will present the current trends
and problems of doing data storage in the cloud.
We will also see in what situations is this approach
an advantage and when it is more of a disadvantage.How can you backup your systems to the
cloud and how to do a recovery.What is the cost
of cloud storage and data transfer. All the pros and
cons about cloud storage and backup.
Key words: Internet, Cloud, Cloud storage,
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Disk-to-disk technology is a more recent, but
minor improvement. Modern technology and
business practice have caused heavy dependence
on IT systems, and therefore creates greater business risk from IT failures.
2.1. Cloud Computing to the Rescue

1. Introduction
Software applications and electronic data are
the life blood of a business. When they aren’t
available due to a disaster or outage, business is
slowed or stopped altogether. In the short term,
outages result in data loss, employee and customer
frustration and lost revenue.
The long term penalties of an outage can affect
a business for a lifetime. lost records,transactions
and accounting files can even put a business at risk
of regulatory violations.
Protecting business means protect ongoing access to servers and data; traditionally that means
backing up the server.
However, backing up the server is only part
of the equation.If you can’t recover the data, the
backup is useless.
2. New Technology new way of doing
business
Tape backup was the preferred recovery solution of the 1970s computing era.
Volume 6 / Number 4 / 2011

Cloud computing gets a lot of press from both
supporters and detractors. Some say it is the future of
information technology,others say it is the same old
thing, repackaged. The only real interest is whether it
can be a means to an end. The term ‘cloud computing’
is so generic (and sometimes misused) that it nearly
worthless in a practical discussion. Two aspect of
cloud computing that are interesting to this discussion
are Infrastructure as a Service (IaaS), and Software as
a Service (SaaS). With IaaS, a service provider delivers raw resources, like virtual machines, storage, and
network bandwidth, as a service. With SaaS, a provider layers a specific software solution on top of those
raw resources, and delivers that.
Isn’t this just Managed Services or Hosting?
Despite the press releases, there are key distinctions between hosting companies and managed service providers and cloud providers.
939
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The key differences have to do with how much
of the infrastructure (and therefore, cost) is dedicated to the solution. MSPs and hosting companies generally provide dedicated hardware, software, and storage systems to each customer. This
requires that the customer specify, pay for and
commit to specific capacities in advance. Cloud
providers generally provision a customer’s current
demands out of a pool of capacity. Think of the
difference between buying a generator and getting
an account with a power company.
The best cloud providers will let you buy capacity in very small chunks, change your usage on
the fly, and bill you only for what you consume; all
without a long-term commitment to any specific
usage pattern or cost.This new financial arrangement breaks the peak-versus-average problem
mentioned above.
The opportunity
If an IaaS cloud provider can offer a complete
data center, with great enough capacity to meet
peak needs (i.e. during a production outage), but
only bill for the average usage during normal operations, there is clearly an opportunity to redefine
the cost and complexity of an off-site, rapid recovery solution.
By partnering with the right cloud vendor, a
manager planning a disaster recovery solution
gets access to:
–– Unlimited spares for computers
–– Disk capacity on-demand
–– Free idle bandwidth, with (nearly) unlimited
burst capacity
–– A data center that is highly optimized and
managed for low cost, high reliability, and
high security
–– Data centers located in multiple countries,
to best meet geographic and regulatory
requirements
All that remains is to integrate a suitable disaster recovery solution to this IaaS capacity.
2.2. Is it a Cloud service?
There are now real solutions to real problems
- but be careful. Many managed service providers and hosting companies are touting their solu940

tions as "Cloud" and many offer disaster recovery
or online backup solutions, but do they meet your
Recovery Point and Recovery Time Objectives? It
helps to ask a few key questions:
–– Can they protect all of the servers and
applications?
–– Can they protect the OS and applications as
well as the data?
–– Can I actually failover to the Cloud and stay
up and running?
–– Can I test the failover process to ensure the
servers are recoverable?
–– Do they provide a mechanism to recover the
data/servers without lots of downtime?
–– Can I just pay for what I use or do I need
dedicated servers in the Cloud?
Once you find a solution that ticks all the boxes
you can look to protect every server in the infrastructure. It should be so cost effective that you
can just sign up, set it and forget it.
2.3 Cloud service benefits
Imagine a situation: You’re sitting at a coffee
shop getting your morning coffe when your smartphone starts ringing. with an alert: A ticket has been
opened for a malfunctioning server on a customer
site. With a couple of clicks through the browser
on a 3G connection, the ticket with instructions is
approved and routed to the appropriate technician
for action. By the time you hit the office, the ticket
is closed, the server is functioning normally and the
job has been logged for billing. This is rather a realworld scenario in which managed service providers
can exercise control over customer networks and
account records via hosted IT solutions.
Cloud computing is changing the way businesses consume technology. The cloud makes data and
applications available from any place on any device
at any time. But that paradigm isn’t reserved just for
the consumers of technology: Managed and professional IT services can leverage hosted automation
and professional services automation applications
to extend delivery capabilities, expedite workflows
and improve account management.
The cloud - more specifically, hosted IT automation - is changing the equation in favor of the
Volume 6 / Number 4 / 2011
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service provider. Through hosted services, IT professional services organizations can acquire tools as
cloud-based services. When bought on a subscription, the automation suite becomes more affordable
and scalable, and service providers no longer have
to worry about supporting the equipment, applications and storage required by these robust systems.

Hosted IT automation management applications are particularly appealing to smaller services organizations that are still reliant on manual
spreadsheet recordkeeping and paperbased ticketing systems. Many vendors offer discounted
versions of their hosted applications that provide
many of the key functions necessary for running
services businesses. In a sense, the cloud makes
hosted automation applications even more affordable by decreasing the use cost and increasing the
business’s profitability.
Hosted IT systems do not lack the features and
functionality of their on-premise counterparts, either. Good cloud-based applications will service
organizations with customer relationship management, project management governance, service
desk monitoring and tracking, inventory reporting
and automated billing.
In fact, cloud versions of applications have advantages over their on-premise versions:
Scalability. Service providers do not have to
guess about their capacity needs. They buy a level
of services based on their current needs, and increase use and feature capacity as their client base
expands or their feature/functionality needs change.
Storage and Infrastructure. Platforms are
Hoovers of information: They collect bits of all
account activity for project management, service
Volume 6 / Number 4 / 2011

delivery tracking and billing. With enough clients and activity, the records will expand, requiring more server and storage capacity. In a hosted
model, the service provider doesn’t have to worry
about back-office infrastructure capacity; that is
provided as part of the service by the application
hosting company.
Shared Resources. Hosted platforms enable
companies to grant access to a greater number of
users than their conventional on-premise applications. Embedded access control mechanisms allow
MSPs to assign variable rights to different users
based on roles and policies. This means managers can have access to all reports and management
controls, where technicians only have rights to the
ticketing and device management tools. The ability
to share resources based on user need gives service
providers the ability to distribute their workforces,
so administrators on a site visit can have the same
resource access as a person in the home office.
Mobility. In the classic model, the provider
builds a network operations center for monitoring
and managing customer networks; managers and
technicians are tethered to their consoles. Through
hosted service, all the IT automation is virtual and
accessible through mobile devices. Many vendors
even have apps for iPads and smartphones to interface with their management tools. Through mobile devices, MSPs can manage accounts, respond
to alerts, act on tickets, run productivity reports,
initiate billing and communication with customers
with virtually the same ease as if they were in the
office. Where the cloud is revolutionizing the way
end users consume IT applications and resources,
hosted platforms are lowering the barrier for service providers to automate their management and
delivery mechanisms. As hosted platform continues to evolve, it will power the next generation of
professional, managed and cloud services delivery, ensuring businesses remain flexible, efficient
and profitable.
Online Backup. Backup of vital company information is critical to a company’s survival, no
matter what size the company. Recent studies
show that 93% of businesses that lose data due
to a disaster go out of business within two years.
Increasingly, businesses are turning to disk-based
online server backup and recovery solutions as the
most cost effective fit for their requirements, when
941
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they have neither the volume of data nor the level
of technical staff that characterize most traditional
backup and recovery operations.Data protection
solutions that combine the latest advancements in
disk-based backup with secure, integrated online
technologies offer businesses fast and assured recovery of their critical business data while freeing
limited technical staff for more value-driven tasks.
They also reduce the burden of removing the data
and storing it safely off-site, protecting it from local disasters.This document discusses the top ten
reasons businesses are turning to this technology:
1. Comprehensive and reliable data protection
assures up-to-date recovery of all critical
business data, including the backup of data
in open files
2. Automatic and secure off-site electronic
vaulting guarantees successful disaster
recovery
3. Better control over restoring data gives
businesses access to data when and where
it’s needed - for any reason
4. Improved security for all sensitive
data ensures protection during backup,
transmission and storage
5. A complete data protection solution
addresses the entire data protection workflow
and provides a higher level of reliability,
productivity and cost containment
6. Immediate data restoration either over
the Internet or from on-site rapid recovery
appliances reduces downtime costs
7. Enhanced ability to demonstrate compliance
with regulations around information
protection is enhanced through consistent,
repeatable processes and controls
8. Freedom from routine backup and restore
tasks allows redirection of staff time to
value-driven projects with greater impact on
productivity and profitability
9. Increased competitive advantage is
promoted through improved access to data,
more predictable cost control and flexible
solutions that change with the business
10. Greater reliability in recovering all data
where and when needed is ensured, with
successful data recovery guaranteed in
writing
942

3. Top reasons for using online server backup and recovery
#1: Comprehensive and reliable data
protection
If lightning strikes your building at 5:10 p.m.,
you need to ensure you can restore that day’s
data. Unfortunately, if you rely on a nightly backup process, complete restoration of that data will
be impossible. Even then, a recent study of their
databackup operations conducted by Storage
Magazine revealed that only 37% of businesses
actually test their internal backupsregularly, and
of those that did, an alarming 77% found they
were unable to fully recover their data. The data
they did recover was sometimes days or even
weeks old.Online backup and recovery solutions
solve this problem by automatically transmitting
changes in files and databases across the Internet to a secure, off-site facility for more continuous backup. The effort by your staff to achieve
this level of backup is minimal - just "set-it-andleave-it," greatly increasing reliable data protection for your business.

The best online backup and recovery solutions
not only protect recently changed files that are
closed but also capture changes in open files and
databases, which represent some of your most
important business data - and do so without disrupting your business flow. They automatically
capture system information as well as data, ensuring you can easily restore a full system to an
alternate location,with minimal technical staff
assistance.
Volume 6 / Number 4 / 2011
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Thiskindof"handsoff,lightsout"comprehensive
and continuous backup means that, in the event of
a disruption or disaster, you can restore data from
a point in time just moments before the interruption, rather than from the previous evening (or earlier), dramatically improving your ability to meet
Recovery Point Objectives and reduce the cost of
downtime.
#2: Automatic and secure off-site electronic
vaulting
You think you’re doing everything right. You
back up your data on a regular basis. You ensure
your backup equipment and configurations are
up-to-date and working properly. You test your
restores. Yet, when a sprinkler pipe bursts in your
building and spills water over your servers and
backup media, you lose all of your critical data
in one night.Even if you’re extremely careful
about backing up your data, that’s only half of
the process. To truly protect that data, you must
also move it off-site. Too many businesses store
backup media on-site, needlessly exposing them
to risk from fire or flood.Some businesses assign
an employee to take backup media home. While
that might work (when they don’t forget!), what
if the employee leaves the media in a car, vulnerable to theft or temperature damage? The time
and money you spend recreating lost data can be
costly, not only in terms of lost productivity, but
also in terms of lost revenue and customer good
will.On the other hand, disk-based online backup
and recovery uses your current Internet connection to automatically transfer data off-site.Your
backup data is immediately off-premises in just
minutes after it’s been updated. No matter what
type of disaster strikes a business, you can restore
data from moments before the disaster happened.
#3: Better control over restoring data
If you experience a site disaster and need to
immediately get your data up and running at a
different location, traditional backup and recovery methods can require more time and effort
than is feasible for businesses with limited technical staff.
No business, large or small, can afford to be
without access to its critical data for hours, let
alone days.
Volume 6 / Number 4 / 2011

One of the great benefits of online backup and
recovery solutions is that the wide range of control
it offers users.You choose which functions happen
automatically while retaining the ability to manage and monitor the entire backup and recovery
process anywhere and anytime. When you need to
recover from a site disaster - or wish to restore data
to a different location for any reason - all authorized users have to do is log on to a Web interface,
click on the files they want to restore and specify
the location. The restore process begins automatically, recreating data at the desired location, even
if it’s thousands of miles away.Online backup and
recovery systems that automatically capture system information, as well as data ensure you can
easily restore a full system to alternate hardware at
the new location,with minimal technical staff assistance.Further, solutions that allow you to control retention scheduling and policies for data on a
per-server (or per-folder basis), allow you to select
the level of protection appropriate for the criticality of specific types of data on a per-server or even
perfolder basis. You can also retrieve all versions
of data quickly over the Web from catalog of historic versions.
#4: Improved security for all sensitive data
Your corporate server manages large amounts
of sensitive data - customer records, employee
records, intellectual property,and more. These are
vital information assets you never want to expose
to external parties. A recent survey by the Enterprise Strategy Group indicates that only 7 percent
of companies always encrypt their data. Yet, by
failing to secure data through encryption, businesses unintentionally leave their data vulnerable
to competitors, thieves, hackers and just plain
human error. With online backup and recovery,
stored at a highly secure, off-site location, your
data remains safe. The best online backup and recovery solutions encrypt all of your data before it
is transmitted over the Internet, sends it through a
secure communication tunnel and then keeps it encrypted in the off-site location, so only authorized
users with the correct keys can decrypt it. Online
backup and recovery solutions can also allow customers to audit access to their administration management system for additional security as well as
change control.
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#5: A complete data protection solution
Data protection is not a single activity or onetime event. It’s a multi-step, complex workflow of
interconnected processes that extend far beyond
simple on-site backup, including:
1. Backup or replication of critical data on
another device
2. Removal of replicated data to an off-site
location to protect it against man-made or
natural disasters
3. Storage of replicated data that both
protects and organizes data so that it can be
easily and quickly recovered
4. Recovery of replicated data from storage
whenever and wherever needed
If your current data protection solution doesn’t
address all of these steps, your company risks the
unacceptable exposure of only partial protection
that could easily result in the loss of irreplaceable
data and costly, crippling downtime. Fortunately,
disk-based online backup and recovery solutions
offer require one, low-overhead solution that addresses eachstep in the data protection workflow
- while actually reducing the time, workload and
cost associated with them.
They provide:
–– Fast, comprehensive and continuous data
backup
–– Automatic and immediate transmission to
an off-site location
–– Secure storage that reflects your specific
retention scheduling and policies
–– Immediate recovery at the level of
granularity you desire
#6: Immediate data restoration
Businesses run in real time and rely on electronic data: anything from payroll and customer
files, to email and other important documents.
When disaster strikes, you don’t have the luxury of waiting hours upon hours to restore your
data. Since online backup and recovery services
immediately move data off-site by backing it up
to disk over the Internet, you not only have the
security of data that’s residing at least 50 miles
away, you can also restore that data effortlessly.
Instead of waiting hours, Internet-based restores
enable you to recover data in minutes.The best on944

line backup and recovery services transmit only
changes in files and databases - a highly efficient
approach that optimizes fast recovery, particularly
in cases of data corruption, one of the most common causes of data loss.They also give you control over how much bandwidth is used during any
specified time to accommodate your workload and
data flow. They may also offer an optional on-site
rapid recovery appliance to allow you to recover
large amounts of data while meeting stringent Recovery Time Objectives.
#7: Enhanced ability to demonstrate
compliance
Today, most industries are adopting their own
ever-changing regulations governing off-site data
protection and retention periods. For example, in
healthcare, law requires patient information confidentiality, but if an office assistant puts the backup
media containing the confidential information
in his car and decides to stop at the store on the
way home, the patients’ confidential information
is exposed to theft or damage. Similarly, certain
financial records must be retained for many years,
but if you can’t recover those records, you can be
personally liable.
Since fully half of companies that lose their data
in a disaster go out of business as a result, most
companies recognize their fiduciary responsibility
to protect critical data assets.With disk-based online backup and recovery, you can automatically
stay ahead of the game. Online backup and recovery enables you to automatically get your data offsite to a secure facility - a requirement for many
industries. As privacy and records-retention regulations take effect, online backup offers protection
traditional on-site methods never can, because
data is always secured - in transmission, storage
and access. Another benefit of outsourcing server
data protection is that the best solutions help you
demonstrate consistent, repeatable processes and
controls around information protection. The same
Web-based management tools that make it easy
for you to manage and monitor backup and recovery also allow you to control archive requirements
that ensure compliance with corporate and regulatory guidelines.
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#8: Freedom from routine backup and
restore tasks
The unpleasant reality is that many traditional
backup and recovery methods are time-consuming and tedious. And while businesses know
they must protect their data, those with limited
technical staff would prefer to focus their time
on more strategic, value-driven projects rather
than monitoring the progress of manual backups,
reviewing logs and troubleshooting problems.
"Set-it-and-leave-it"online backup and recovery
solutions reliably and automatically offload these
functions, freeing staff for work that has a more
direct impact on your competitive advantage,
productivity and profitability. They also standardize the backup process across your organization without employing technical staff at each
location. At the same time, as these solutions
free staff from manual chores, they also empower them with Web based management tools for
managing and monitoring all aspects server data
protection when desired.
There are two ways of implementing online
backup and recovery solutions - and they both
give you more freedom in redirecting staff time.
First, you may use these solutions on a subscription basis from reliable third parties offering them
as managed services. Trained staff provide 24x7
coverage, proactively monitoring backup and recovery on behalf of their customers. The best of
these managed services offer simple, predictable
pricing, with resources that allow their customers instant scalability and no capital investment in
traditional backup and recovery technology. Second, companies managing very large volumes of
data may find it more cost-effective to license online backup and recovery software, installing and
managing it in-house. Solution providers offering
flexible buying models for both licensed software
and managed services accommodate either type of
implementation, supporting growth and change in
your business.
#9: Increased competitive advantage
More than 37% of small and medium-sized
businesses have already deployed disk-based
backup solutions -and nearly another one-third are
considering it now. These solutions include online
backup and recovery solutions. Access to all your
Volume 6 / Number 4 / 2011

data, all the time, is the prerequisite to successfully
competing by responding faster,more proactively
and more knowledgeably. Online backup and recovery gives you an edge by fully protecting your
data and enabling you to immediately recover it
when disaster strikes - or when you wish to restore
data to a different location for any reason. More
importantly, you achieve a significant competitive
advantage by freeing up valuable staff resources
for other projects that have a more direct impact
on your productivity and profitability. When used
as a managed service, online backup and recovery
solutions offer better cost-control with predictable
pricing, with the service provider bearing the cost
of scalable resources and updating technologies
as disk-based backup evolves. This gives your
business freedom and flexibility as it grows and
changes - another key to remaining nimble in a
competitive environment.
#10:  Greater reliability in recovering all data
Even very large businesses with major investments in traditional backup and recovery operations are moving to incorporate disk-based technologies into their backup and recovery data protection programs. In addition to a desire for faster
recovery, another key driver of this evolution is
that analysts have estimated that with traditional
methods, recoveries fail about half of the time due
to a variety of reasons, including human error, bad
media, software bugs and more. Disk technologies
have proven to be much more reliable. As a result,
the Gartner Group estimates that by the year 2008,
the majority of data restores will occur from disk,
not from traditional media. Online backup and recovery maximizes what matters most to businesses - reliable recovery of all their data when they
need it - by combining more reliable disk media
with the use of an existing Internet connection to
securely move backed up data to a safe, remote
off-site location.The ease of use of online backup
and recovery ensures it will be reliably used - because backup and recovery are automatic "set-itand-leave-it" processes. Finally, the best managed
service providers of online backup and recovery
guarantee recovery in writing in their Service Level Agreements
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4. Double-take cloud solution overview
Double-Take Cloud is a combination of technologies from Double-Take® Software and Cloud
Service Providers (CSP) such as Amazon Web
Services. This combination allows you to replicate data and system state information from one
or more Windows servers in your production environment into a virtual server - called a Repository
- running at the CSP. From this Repository, you
can restore entire servers to virtual machines - also
housed at the CSP - to resume normal operations
quickly and effectively.
4.1 Scenario 1: Backup Operations
Maybe the most common use of the DoubleTake Cloud solution set is creating an off-site, rapidly recoverable backup system for a production
server set. Many organizations do not have the
technical staff or physical space required to create
and host an off-site datacenter, but still need the
ability to recovery critical servers and services in
the event of a loss at their primary location. Justification of an off-site location becomes even more
difficult if only a few servers out of the production server set are critical; many companies simply hope for the best with tape backups carried
physically off-site. They’re betting everything
that alternate space can be found, servers provisioned and restoration performed fast enough for
the business to resume with minimal loss. Instead
of attempting to provision an entire alternate datacenter ahead of time, or hoping to provision one
quickly at the time of an emergency, the cloud can
be used to provide the best of both worlds. Double-Take Cloud installs on your critical production
servers and replicates data and system state information into a cloud-based Repository. Since only
the Repository is running on a day-today basis,
the amount of infrastructure needed at the CVS
is minimal and more easily justifiable. Replication is performed at the byte-level and occurs as
quickly as either your internet links or the limits
you set within the Double-Take Cloud software
allow. This provides WAN-efficient replication
of all critical information from multiple production servers, providing near-real-time replication
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if sufficient bandwidth is available. Even if throttling must be used due to bandwidth constraints,
Double-Take Cloud still allows you recover up to
the last byte of information that was successfully
transmitted to the Repository. When recovery of
one or more critical servers is required, the Repository can be used to push all system state information, Windows and application binaries and all
data to a cloud-based Recovery server. This server
is provisioned only when needed and so does not
need to be maintained, patched or otherwise tended to. It is brought online via your CSP’s utilities
at the time of restoration and then converted into a
replica of your production server at the time of recovery by the Double-Take Cloud wizard. As the
production server is not required for this recovery
to occur, you can restore your normal operational
environment - in the cloud - even in the case of a
total loss of production infrastructure.
4.2 Scenario 2: Cloud Migration
The cloud is a viable platform for testing, development, QA and other back-office operations.
Many organizations even use the cloud as a primary business infrastructure, creating agile systems that can move within regions and scale on
demand. The issue has always been how to safely
migrate current back- or front-office servers from
the machines they reside on in production to the
virtual systems they will occupy with a CSP.
While some downtime could be absorbed by the
back-office teams, it must still be minimized, and
extensive downtime for front-office applications
is generally considered unacceptable.
There is also the question of application and
system compatibility, as the production servers
are typically located on physical or virtual hardware that may not match with that of the CSP.
Double-Take Cloud provides a simplified method
for migration to a cloud infrastructure with minimal downtime. Current servers are installed with
the Double-Take Backup software, and begin to
replicate system state, applications and data into a
CSP-based Repository. Once the initial mirror has
been completed, new information will continue to
be replicated right up until the moment you are
ready to stop the developers form working locally
Volume 6 / Number 4 / 2011
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and have them begin work remotely. During the
initial mirror and ongoing replication, the production servers are available and accessible. Prior to
the actual cutover, new servers are provisioned
within the CSP and brought online with temporary server identities.At the point of cutover, the
production systems in the local environment are
shut down, and Double-Take Cloud creates copies
of those servers based on the replication information set on the Repository. What would normally
take days of coordination and downtime can be
accomplished in a matter of a few hours from start
to finish, with the hardware differences properly
mitigated by the Double-Take Cloud solution set.
Once each migration is final, users can immediately begin using the new systems remotely,with
the same data, server identities and information
that they had while the same systems were local.
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5. Summary conclusion
Application and data availability can make or
break a business. These days backing up to the
Cloud is a simple, cost effective way to get the
advantages of a datacenter without the expense of
creating and managing a physical center. DoubleTake Cloud is a one of many simple ways to migrate, backup and restore data and applications to
the cloud with minimal downtime and complete
control over your expenses. Many businesses
don’t identify critical vulnerabilities in their existing data protection methods until disaster strikes and then, of course, it’s too late. Online backup and
recovery solutions fully protect business-critical
data from natural and manmade disasters,human
error,virus attacks,equipment failures and other
business disruptions. The top ten reasons for using this type of data protection solution have been
presented in this advisory to encourage you to examine your own data protection strategies for potential risk and improved cost effectiveness

Volume 6 / Number 4 / 2011

947

technics technologies education management

Punishments that School
Administrators Apply on Students
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Abstract
Background: Behaviors of the administrative
personnel at the schools affect those of the students. The researches on the misbehaviors of students and the maintenance of discipline are generally carried out at the classroom level. As a matter
of fact, the administrators also come across with
misbehaviors and show reactions.
Purpose: the purpose of this research is to detect the opinions of the primary school students
regarding the punishments they receive from the
administrators. This research consists of the behaviours of students that require punishments by
the administrators, punishments they receive, feelings they have when they receive a punishment,
whether the punishments they receive alter their
behaviors, and their opinions on the reactions of
the administrators apart from the punishments that
may alter their behaviors.
Sample: 416 students of Standard 6 and 7 from
2 schools in central Bolu attended the research. 92
of these students responded the questions of the
research. The students who did not fill up the form
for the research had not received any punishments
by the administrators.
Design and methods: The researcher developed a questionnaire of five questions in accordance with the aim of the research. The researcher
gave a form by going to the classrooms. He did
necessary explanations and collected the forms
back after they answered the forms. The results
were assessed according to the quantitative research methods.
Results: According to this research school administrators apply punishments for the misbehaviors of the students. These punishments to a great
extend proved to be ineffective in altering the behaviors. Students think that the administrators must
apply other methods instead of the punishments.
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Conclusions: the school administrators must
give up giving punishments that may harm the students psychologically and physically. Moreover,
administrators must work out for precautionary
steps to prevent misbehaviors. In addition, school
administrators need to take in-service teacher
training in order to maintain school discipline.
Key words: school discipline, misbehaviors,
school administrator
Introduction
Schools are among the most significant elements of the educational system on account of
the fact that target behaviors are acquired at the
schools. In actualizing alteration of behaviors, all
the school personnel especially the teachers have
great responsibilities. In addition to having the utmost responsibility about all types of works in the
school, they have some roles and tasks. Student
affairs, services of the employees, school operation services, works related to education are some
of them. The main purpose of conducting these
works and services efficiently is to actualize the
aims of the educational system, in other words,
gaining favorable behavior to the students
As they carry out their tasks, school administrators may sometimes come across misbehaviors
of students. They may confront such misbehaviors
either in school corridors or in the garden. Likewise teachers may also forward such misbehaviors to school administrators. Administrators are
expected to detect the reasons of such misbehaviors and react in accordance with the development
of the student.
The reactions that teachers and administrators
show to misbehaviors of the students are related
to maintaining discipline at the school. The aim of
maintaining discipline at the school is to let stuVolume 6 / Number 4 / 2011
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dents acquire self-control, self-evaluation habit
and proficiency (Sarıtaş, 2005), maintain the security of the students and the personnel, and form
an environment that facilitates learning (Gaustad,1992).
Lack of discipline is often defined as one of
the major problems that state schools face. (Algozzine, 1997; Algozzine & Kay, 2001; Gallup,
1970; Gresham, MacMillan, & Bocian, 1996; Leone, Mayer, Malmgren, &Meisel, 2000; Lewis &
Sugai, 1999, 2000; Rose & Gallup, 2003, 2004;
Safran & Oswald, 2003; Sugai & Horner, 2002;
Sugai, Sprague, Horner, & Walker, 2000; Ysseldyke, Algozzine, & Thurlow, 2000: recited Algozzine, 2007). In 1990s teacher syndicates, local educational authorities and central government were
worried about the increasing number of students,
who were dismissed from the schools, and they
related it to the school discipline (Osler, 2000).
Bossert, Dwyer, Rowan, and Lee (1982) stated that maintaining student discipline is among
the characteristics of an effective school director (Hart, 1992). According to Blase and Kirby
(2000), administrators are vitally important in reducing problems related to discipline and maintaining security at school (Curwin, Mendler,
2008). Hence, while training administrators, the
issues related to the student discipline must also
be included in the content (Lovely, 2004). Maintaining discipline in the school is closely linked
to the selection, education and appointment of the
administrators (Sarıtaş, 2005).
A school administrator must know that expectations not designated explicitly, discipline policies
and rules, penologist approaches, students’ lack of
social skill, academic failures and behavior management works lead to problems related to school
discipline (Mayer, 2002). School rules are generally related to classroom management and school
discipline (Thornberg, 2008). According to Kauffman (1997), students with emotional problems
may cause disciplinary problems at the school
(Algozzine, 2007). School discipline problems are
indications of inconsistency to school demands
and are reflections of the problems of adolescence.
Disciplinary problems in schools can be seen as a
type of systematic reaction of the sense of detention for basic motivation of students’ assertion of
their identities and seizure of control (Tony, 2003).
Volume 6 / Number 4 / 2011

Administrative personnel at the school apply
some methods while trying to overcome disciplinary problems at schools. One of these methods
is punishment. Punishment means stimulus that
forms an unfavorable condition for an organism.
There are two types of punishments. In the first
type, a stimulus that the organism does not like
is given. Beating and reprehending are this type
of punishment. On the other hand, in the second
type of punishment a stimulus that organism favors vanishes. Begrudging love from a child, prohibition of having a break and separating him/her
from friends are among this type of punishments
(Erden, Akman, 1995).
There are a range of opinions on the application
of punishments in education. There are researchers
that favor use of punishments in education as well
as those who are against it. Those who favor use of
punishment in education believe that behaviors may
change with the punishments whereas those against
it believe that punishments are ineffective in changing behaviors and may even lead to new problems.
Punishment, which is one of the behaviorist
terms, is used to decrease the frequency of misbehaviors. Punishment in school is carried out in many
different forms; criticize, scolding, yelling at, giving
extra works, detention, slapping and spanking etc.
In extreme conditions, when a behavior of a child is
personally dangerous or harms the progress of lecture, punishment might be necessary to cease and
dissuade the behavior (Cooper, 1994).
Özyürek (2001) stated that punishment could
be used in reducing problematic manners. Nevertheless, corporal punishments such as pulling ear,
spanking with a ruler, and humiliating behaviors
such as saying vagabond, duffer, and donkey may
reduce the number of behaviors for a while but
they never lead students to acquire behaviors appropriate to the rules. In daily language, punishment is perceived as scolding the child, humiliating or spanking. However, in behavioral science
punishment has different meanings. In behavioral
science, punishment is approached as reducing
likely results of a behavior. Skinner stated that
punishment makes learning over complicated and
it may be included to altering the behavior in rare
conditions (Charles, 1996).
Punishment as proportionate to behavior must
be applied in a way to prevent the reoccurrence of
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that particular behavior; hence, the student must
know what has led him to receive the punishment.
Assigning to severe works and chores, not doing
a favor, separating from a group, game or lecture,
letting him sit backwards to his friends, detention
from school can be given as examples to punishments. (Başar, 1999).
According to Apllied behavioral analysis, if an
behavior is punished, the probability of doing it
reduces. When this principle is applied rightly, it
works in 95 % of the children. The behavior of the
child is easily affected from reward and results.
However, clinicians accept that the behavior of
children, whose attention is easily distracted, and
are naturally increasingly reactional, do not react
against the applications of systematic reward or
punishment (Hall, 2003).
The age, personality traits and the circumstances of the child must be kept in mind while
giving punishment. The child must be explained
as to why he or she is given a punishment, and
the punishments must be balanced with the crime,
and must be given based on valid reasons. Punishment must be considered as a measure of the last
resort. Especially leaving the child devoid of love
or threatening in the same way must be avoided.
As a matter of fact, extremely repressive behaviors in child’s education pave way to his or her to
be cowered, remain weak and has psychological
imbalances. (Köknel, 1999, s.75).
According to Glasser, teachers do not scold in
qualified education; they do not give punishment
and make no repression. They urge and encourage
students and show that they are always ready to
help. Ginott states that punishment never corrects
the behavior of a child. Hence, punishments must
absolutely be not used to control misbehaviors.
Gordon believes that effective discipline cannot
be attained with both repression and reward-punishment (Charles, 1996).
It is a fact that punishments have some side
effects on the students. However, the level of the
adverse effects may differ depending on the type
of the punishment, characteristics of teachers and
students.
The adverse effects pf the punishment: anxiety,
(Fidan, 1985; Aydın, 2000), hatred, (Fidan, 1985)
Skinner; Aydın, 2000), grudge (Fidan, 1985; Ginott
cited by Charles (1996)), aggressiveness (Fidan,
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1985; Ginott cited by Charles (1996)), resistence
(Fidan, 1985; Kohn,1994)), revenge (Redl and Wattenberg, Skinner, Ginott cited by Charles (1996);
Dodson, 1998; Tauber, 1999; Kohn, 1994), harming oneself (Redl and Wattenberg cited by Charles
(1996), Aydın, 2000; Mayer, 2002), harming relationships with the teacher (Redl and Wattenberg
cited by Charles (1996), reducing the probability of
self control/discipline (Redl and wattenberg; Gordon cited by Charles (1996), Aydın, 2000), being an
unfavorable model (Redl and Wattenberg cited by
Charles (1996); Laslett, 1992), fear (Skinner cited
by Charles (1996), Aydın, 2000), increasing retaliation (Dreikurs cited by Charles (1996), leading to
anti social behavior, feelings of disdain and enmity,
and having less cooperation with the teacher (Gordon cited by Charles (1996), anger (Gordon cited by
Charles (1996); Aydın, 2000; Dodson 1998; Kohn,
1994), telling lie (Gordon cited by Charles (1996);
Laslett, 1992; Adler, 2005: 14: cited: Çerçi, 2009),
lose of the effect of correction by becoming a habituation (Korkmaz, 2004; Aydın, 2000), causing permanent behavioral disorder (Aydın, 2000), hardening learning (Aydın, 2000; Celep, 2000; Mackenzie,
2004), harming emotionally (Aydın, 2000), revolting or submission (Nelsen, Lott, and Gleen, 1999),
not being able to acquire responsibility (Mackenzie,
2004), teaching not to be caught (Laslett, 1992), truantry, not to commence positive behavior (Laslett,
1992), not to teach acceptable behavior (McLeod,
2003), rage, rebellion and retirement (Tauber, 1999),
offense and decrease of the will of cooperation (Ginott cited by Charles (1996)) dir.
Overuse of punishment leads to unfavorable
attitudes towards school, escape reactions (lateness to school, escape and leave), aggressiveness
towards the things as well as people and violent
results (Mayer, 2002). Reactive and punishment
oriented approaches form wrong security sense in
the long run. These reactive reactions are ineffective in forming secure schools, positive school environment, maximum teaching time and learning
opportunities. Punishment and dismissal from the
school are not efficient in being preventive support system (Gottfredson, Karweit, & Gottfredson,
1989; Mayer, 1995; Tolan & Guerra, 1994: cited:
Sugai, 2002). When punishment is used as a tool
to maintain obedience in the school, students resist,
rebel and become disobedient; they challenge, and
Volume 6 / Number 4 / 2011
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become outrageously rebellious and quarrelsome;
they build a gang and stand against the authority
(Adler, 2005: 14: cited by: Çerçi, 2009). According to Kohn (1994), feelings of rage, objection and
revenge do not facilitate in building caring community or developing social proficiency in children
(Moberly, 2005). Establishing effective discipline
is important for academic achievement and a secure
learning environment. Problems such as violence,
vandalism and bullying construct insecure learning
environment, harms teaching and are threat to the
people at the school (Hawkins, Catalano, & Miller,
1992: akt. Luiselli, 2005).
Many discipline system is retributive and the
schools that develop retributive discipline system
consider discipline as a control mechanism for behavior. Discipline is not seen as the process of providing student development for their needs. Controlling student behavior rigidly paves for the sense
of wrath and anxiety (Haynes, 2003). According to
Tosun (2001), if obedience is the only requirement
in a school, sanctions that indicate perception of traditional discipline such as brute force are applied.
Brute force includes scolding, several punishment
of deprivation and spanking. Such types of enforcement wound the self-respect of the student, damages his self confidence, and shatters his behavior
of defending his/her rights and resisting against injustices (cited by: Çerçi, 2009).
If the school administrators assure students to
know and understand the application of school
rules while solving disciplinary problems of
schools, less disciplinary problems take place
(Mayer & Leone, 1999). Forwarding rules about
student behaviors explicitly is a big step in building affectivity of classroom and school discipline
programs. Moreover, teachings of required social
skills must be paid attention. To apply punishment
for each crime means extreme usage of it; and consequently loses its effect (Mayer, 2002). In addition, it should not be forgotten that student-teacher
relationships and the school system that pays attention to the participation of the students assist
maintaining discipline (Osler, 2000). Punishment
approaches are not solution to remove violence
and other antisocial behaviors (Mayer, 2002).
Sending student to the director of the school for
punishment serves to making director a monster in
the eyes of the student (Kohn, 2006).
Volume 6 / Number 4 / 2011

There are connections between the school discipline and security. School security is not only
related the concepts such as carrying gun at the
school or physical aggression. School security
covers bullying at school (Morrison, 2004), behavioral problems – disrespect to the teacher and
verbal assault (Richard, 2008) etc.
When the causes of punishment are considered
psychologically, correcting any misbehavior and
leading the child to the way we desire is indeed the
state of being unable to supervise the rage and disappointment effectively (Yavuzer, 2000; Yavuzer,
1995). Presently, some teachers, on so-called behalf
of contribution to overall educational purposes, tend
to apply to punishment for changing the misbehavior, supporting the idea positive behavior could be
attained only through punishment for the pupils’
misbehavior (Samancı, 2002). As a sociological
mantra, good manner is stemmed only by means of
beating and/or corporal punishment. This is likely to
be a part of traditional culture Such proverbs as ‘The
stick is from paradise, Keep your daughter in order
or you will regret it later, Not ever let the stick away
from either fawn or woman’ all do prove presence
of the legality of beating in community, which draw
the attention to cultural considerations as we speak
over violence (Gözutok, 1993; Tan, 1990).
According to Onalan’s study (1996), teachers define the reasons why they apply to beating/corporal
punishment as overpopulated classroom settings,
uneducated teachers for those cases, lack of authority of the teachers in their classes, the students’
not understanding well the gentle traits and good
behavior. According to Kepenekçi (1996), those
teachers who do not put their personal problems
aside before class, who are personally corrupted,
who do not take sufficient pedagogy courses, who
are not well aware of developmental stages of children, and who are not qualified in their discipline,
effective in lecturing(teaching methods) and keeping the class under control mostly apply to beating/
corporal punishment (cited by Arıkan, 2006)
Teachers are not the only responsible persons to
have students gain right behavior at a school. The
reactions of administrators to students are also important in the education of the students. The punishments that the administrators give have various
adverse impacts on the behaviors of the students.
Therefore, to assign the behaviors that lead to the
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punishments of the administrators may give hint for
maintaining the prevention the reoccurrence of these
behaviors. Moreover, it may also give an idea about
whether the punishments applied by the administrators have any effect on showing the unfavorable
behavior and whether to apply these punishments.
Keeping these aims in mind, this research deals with
student behaviors that lead to punishments, the punishment that administrators give for these behaviors,
effect of the punishments on the students and what
might be alternative behaviors to punishment.

lines was allotted under every question and the
students were asked to write in these gaps. The
questions in order were as flows:
1. Write your behavior (s) that led you to receive
punishment from the administrators
2. What type of punishment(s) did you receive for
this behavior?
3. How did you feel as a result of the punishment?
4. Did the punishment change your behavior?
5. If your answer is “No”, under what kind of
behaviors of the administrators would you
change your behavior?

Purpose of study and research questions

The researcher distributed the forms by hand
and collected the forms back after having necessary
explanations. The students were made sure that the
questions were related to the school administrators;
school principal and vice-principals were meant by
administrators and they were requested to pay attention to this in mind while answering the questions.
416 students were asked to fill the forms up, 92 students filled the forms up. 324 students submitted
the forms blank. The students who submitted their
forms blank stated that they did not receive any
punishment on account of an misbehavior. Content
analysis method was benefitted from in data analysis. First data was studied, significant intact were
coded within. Then these codes were put together
to form themes. The number of mentioning these
themes in the total coding was noted beside the
statements of the students. Students were requested
to write “Yes” or “No” for whether the punishments
given by the administrators change the behavior or
not. Coding and theme in data analysis were carried
out by the researcher. Furthermore, some of the students did not give any opinion about their feelings
against the punishment whereas some did not mention whether the applied punishments are effective
or not. Yet some others did not state anything about
the reactions to be taken instead of punishments.

The purpose of this research is to detect the
opinions of students regarding the punishments
they receive from the administrators. The following questions are tried to be answered accordingly.
1. What types of misbehaviors of the students
lead them to receive punishments from the
administrators?
2. What types of punishments do the students face?
3. What do they feel against these punishments?
4. What are ideas of the students about whether the
punishments they are given alters their behavior
or not?
5. According to students, what types of reactions
against their behavior may be efficient in altering
their misbehaviors?
Methods
The research has been conducted in survey model. In accordance with this model, opinions of the
primary school students against the punishments
they receive from the administrators were depicted.
Data and analysis methods:
This research has been carried on all the Standard 6 and 7 students of 2 primary schools located
at Bolu city centre. The number of total students
is 416. Primary school students were asked open
ended questions developed by the researcher in
accordance with the sub problems of the research.
There are five questions in the form. A gap of four
952

Findings
Followings are the opinions of the students on
the behaviors that lead them to receive punishments
from the administrators, the punishments, their feelings against the punishments that they had received,
whether the punishments changed their behavior or
Volume 6 / Number 4 / 2011
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not, apart from the punishments the reactions of the
administrators that may alter their behavior.
Findings about the behaviors that pave the
way for the students to be punished by the
administrators
The students stated 112 behaviors that lead to
punishments by the administrators. The following
is the list of the behaviors that required punishment
and the number of the statement of behaviors.
According to the students, the most important
reason that causes them to receive punishment by
the administrators is “Late coming”. Apart from
this, students stated that they had received punishments on account of problems related to hair,
having misbehaviors at the ceremony, problems
related to friends, problems of clothes, escaping
from the school, and other reasons.
Findings related to punishments students
had received from the administrators
The students stated that they had received 120
punishments from the administrators for misbehav-

iors. These punishments are Scolding (32), corporal
violence (30) pulling hair (13), slapping (5), spanking (4), pulling ear 4, hitting the head (3), hitting
hand with a ruler (1)), fury (27), garbage pickup
(10), insult (such as saying ‘you are an animal’) (7),
waiting at the line at the ceremony (4), threatening to beat (3), signing a contract (3), cutting hair
(1), calling parents to school (1), receiving warning
document (1), going to the principal (1)).
Findings related to students feeling against
the punishments that students received from
the administrators
The students have feelings of being sad (30),
getting angry at (26), feeling shy (8), deciding not
to conduct an misbehavior (8), fear (4), feeling bad
(4), feeling to be humiliated (4), being broken up
(3), wish to beat the administrator (3), wishing not
to come to school (2), not to like the administrator
(1), Feeling indifference (2), insulting from within
(2), feeling to cry (1), wish to leave the school (1),
fear of the administrator (1), feel of suffocation
(1), feel rage towards (1), feeling to have deserved
the punishment (1) against the punishments they
received from the administrators.

Table 1. Students’ behavior that had led them to be given punishments by the administrators
Behaviors that require punishment
Lateness to school
Problems related to hair (not to fasten buckle to hair (11), having long hair (9), fastening
colorful buckle to hair (1))
Having misbehavior at the ceremony (not to go to the ceremony/lateness to the ceremony (7),
not to be lined up well (4), not to stand in order at the ceremony (3))
Problems related to friends (fighting (10), quarreling with friends (1), complaint of friends
(1), mistakenly letting someone fall from the stairs (1))
Problems related to clothing (wearing sneakers (2), not to wear school uniforms (1), not to
wear school socks (3), not to bring clothes for the physical exercise classes (1))
Conducting misbehaviors at the corridor (running at the corridor (5), speaking at the corridor
(1), playing football at the corridor (1))
Truantry

Number of
Statement
29
21
14
13
7
7
6

Other (misunderstanding (1), not being able to come on account of sickness (1), having hands
in the pocket (2), objecting to grades (1), wetting hair (1), bringing itching powder to school
(1), littering (1), not doing anything but presuming to have done (1), breaking window (2),
ordering place of soap at the toilet (1), not be able to complete documents while on duty (1),
not to submit class journal (1), knocking at the door of others (1))

15

Total

112
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Findings related to whether or not the
punishments given by the administrators
changed their behavior
Table 2. Efficiency of the punishments by the administrators to change the behavior of the students
Punishment
Rebuke
Getting angry at
Pulling hair
Garbage pick up
Corporal violence
(Slapping, Hitting the head,
Spanking, Pulling ear,
hitting hand with a ruler)
Threatening to beat
Insult
Contract
Letting to keep on waiting
at the line of the ceremony
Receiving written warning
Calling the parent to school
Total

Effective Ineffective
19
8
15
10
7
4
4
5
4

11

3
3
2

3
1

2
1
1
61

42

The students stated that the punishments that
they received from the administrators against misbehaviors were generally effective (61 punishments
effective, 42 punishments ineffective). Students
stated that ‘scolding’ and ‘getting angry at’ reactions of the administrators proved to be effective to
a great extend. They were also of the opinion that
corporal punishments are generally ineffective.
Findings related to the reactions apart from
the punishments of the administrators that
can change their behavior
The students stated that apart from the punishments given by the administrators saying nicely
(14), treating well (2), not to rebuke (2), not to
beat (2), not to tell off (2), not to interfere with
the behaviors (2), should not insult (2) to forgive
as it happened for the first time (1), warning (10),
not to let students pickup garbage (1), not to let
contract to be signed (1) might be more efficient.
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Discussion
Misbehaviors that are found out in this research such
as Being late to school (Tony, 2003; Arslanboğa, 2009;
Sarıtaş, 2005; Johnstone, 1992; Türnüklü, Zoroğlu, Gemici, 2001), fighting at school/quarrelling (Esther &
Yuanshan, 1999; Osler, 2000; Tony, 2003; Arslanboğa,
2009; Kappan/Gallup Poll; cited by Sugai, 2002; National Center for Educational Statistics, 1994: cited by:
Farmer, 1999; Türnüklü, Zoroğlu, Gemici, 2001), problems of clothes (Johnstone, 1992; Esther & Yuanshan,
1999; Arslanboğa, 2009; Türnüklü, Zoroğlu, Gemici,
2001) truantry (Johnstone, 1992; Yahaya, and others,
2009; Türnüklü, Zoroğlu, Gemici, 2001), not coming
to the lecture (Esther & Yuanshan, 1999), damaging
school materials (Tony, 2003; Türnüklü, Zoroğlu, Gemici, 2001), having misbehaviors at the corridor (Johnstone, 1992) also occur in other researches.
Hair of the students is meticulously checked
by teachers and administrators in Turkish schools.
The administrators do not allow the boys to have
long hair and different hair cut; and the girls are not
to have their hair free without fastening a buckle.
This research has been conducted on the adolescents. In the period of adolescence, students want
to have long hair and make different shapes to their
hair. Therefore, there have often been clashes between the sensitivity of the school administrators
and students’ desire to shape their hair differently.
Moreover, there is a ceremony in every morning in
Turkey. In this ceremony “Andımız (our oath)” is
recited. There are number of activities on special
dates. Furthermore, “National Anthem” is recited in
Monday mornings and Friday evenings. It is indispensable that while the entire students stand at lines
together, they may conduct some misbehaviors. In
the research, students stated that they had received
punishment because of their clothes. In Turkey,
there is a rule of wearing “uniform” in the primary
and the secondary education. Although there are
different types and colors of clothes in different
schools for Standard 6, 7 and 8, the most common
ones are grey trousers, dark blue jacket, a shirt and
a tie. Problems occur between the teachers and the
students when there is a breach in such a practice of
clothing. For example, it is a reason to disavowal
to the school when girls wear different color socks.
According to the students, the administrators
show their reaction mainly by getting angry, applyVolume 6 / Number 4 / 2011
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ing corporal violence and scolding. Among these
punishments scolding, having contact with the family, and sending to guidance service were also found
out in the research of Johnstone & Munn (1992).
It is seen that use of corporal punishment in Turkey is common. The reason why the administrators
give more physical punishment originates from the
fact that they do not know that alternative methods
could be used against misbehaviors.
The punishments unsurprisingly have adverse
effects on the students. The students feel ashamed
and humiliated especially when they receive punishments in front of their friends. Moreover, the
punishments given by the administrators pave the
way for negative behaviors such as preventing
learning, breaking the relationships up, leading
students to dislike schools, having fear, over anxiety (Sarıtaş, 2005).
The number of students stating that corporal
punishments are ineffective is more. Johnstone &
Munn (1992) expressed that head teachers see rebuke and punishment as inefficient. However, some
students stated that the corporal punishments that
they had received altered their behaviors. The reason may be that the students do not know about the
existence of other methods in changing their behaviors. Furthermore, they may also think that since
the misbehavior was removed at that moment, they
might think that the punishment was effective.
Students stated that they wish to face positive
reactions before receiving punishments against
their wrong behaviors. According to Osler (2000),
students expect their teachers to reward them for
their good behaviors, listen to them, designate the
reasons of the problem, inquire before giving punishments and respect all the students. Head teachers must conduct reasoning with a pupil or groups
of pupils about their behavior, using humor to
defuse the situation, contacting with parents to be
efficient. The methods of using verbal rebukes or
‘telling off’, issuing punishment exercises, referral to outside agencies are ineffective in correcting
behaviors (Johnstone & Munn, 1992).
Conclusion
School administrators apply certain punishments
for misbehaviors. Some of these punishments are
Volume 6 / Number 4 / 2011

corporal. The punishments have adverse effect on
the students. Hence, the administrators must be
educated to tackle with misbehaviors. In the Inservice teacher training programs, teachers must
acquire methods apart from the punishments. Administrators of the schools visit each classroom one
by one along with guide teacher and class advisor
and inform students about the problems they face.
If they get proposals of solutions from the students,
it may facilitate them in not facing misbehaviors.
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Abstract
This study aims to examine the relationship
between management by values, organizational
trust and organizational citizenship behaviors in
primary schools. The study uses survey methodology, and the sample of the study consisted of
279 teachers employed in Kütahya city center.
Data were collected using Management by Values Scale, Organizational Trust Scale, and Organizational Citizenship Behaviors Scale. For data
analysis, descriptive statistics and hierarchical regression analysis were used. Results showed that
management by values and trust in colleagues are
significant predictors of organizational citizenship
behavior. These two variables together explain
around two fifths of the variance in organizational
citizenship behavior. Variables of trust in the principal and trust in stakeholders, on the other hand,
were not significant. Trust in the principal was a
significant predictor of organizational citizenship
behavior when considered in isolation, but when
considered together with other variables, it ceased
having a significant effect on organizational citizenship behavior.
Key words: Management by Values, Organizational Trust, Organizational Citizenship, Primary Schools
Introduction
The world is undergoing increasingly more
rapid changes, and this storm of change affects
all countries in significant ways. Rapid developVolume 6 / Number 4 / 2011

ments in technology, ever growing competition,
high quality turning into a standard feature for all
organizations, and the changing and increasing
expectations require organizations to make a production “that is fast, high-quality, and that makes a
difference” [1]. Like all other organizations, educational organizations are also affected by these
rapid changes because the dynamic environment
in which they are situated changes, day by day,
the expectations society has of educational organizations. The ability of educational organizations,
which constitute a sub-system within the larger
social system, to keep up with this environment
of change depends on increasing the contributions
its human resources make to the organization. The
contribution that employees make to an organization includes, besides formal role definitions, voluntary use of entrepreneurship and the creativity of
the employees for the benefit of the organization.
In the literature, such behaviors are collectively
referred to as organizational citizenship behaviors,
a very popular area of research in recent years.
The positive effect organizational citizenship behaviors have on the effectiveness and efficiency
of the organization and on the job satisfaction,
organizational trust, and organizational loyalty of
the employees makes this area of research all the
more important. An examination of the literature
shows that most studies on organizational citizenship behavior focus on the relationship between
organizational citizenship behavior and its predictors. Similarly, this study will examine the effects
of management by values and organizational trust
on organizational citizenship behaviors.
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Organizational Citizenship Behavior
Organizational behaviors of employees are
shaped by formal and non-formal aspects of an
organization. The metaphor of the tip of the iceberg in Freudian psychoanalysis may be helpful in
understanding this situation. Formal aspects of a
work environment resemble the tip of the iceberg,
and the non-formal aspects are the non-visible part
of the iceberg submerged under water. Based upon
this analogy, we can argue that the real determinants of employees’ organizational behaviors are
the non-formal aspects of an organization [2]. The
non-formal aspects of an organization, in turn,
vary by the perceptions of individual employees.
Whether the employee feels himself/herself secure, whether there is an overlap between personal
and occupational values and organizational values, and whether the organization allows presenting and using individual skills constitute the nonformal aspects of an organization form the point of
view of the employee. In this sense, organizational
citizenship behavior is more about the non-formal
aspects of an organization than its formal aspects,
because organizational citizenship behavior is defined as extra-role behavior voluntarily displayed
by the employees [3, 4, 5, 6, 7, 8]. The concept of
“voluntary” in this definition refers to the fact that
these behaviors are not included in formal role definitions. They are behaviors for which no formal
rewards are expected, and which are not required
by policy.
The concept of organizational citizenship was
first used in the literature by Bateman and Organ
[3]. Organ (1988) defines organizational citizenship behavior as voluntary individual behavior
that is not part of the formal reward system of the
organization, but that supports efficient functioning of the organization [5]. One of the most notable
metaphors used to explain the concept is the metaphor of “good soldier”. In military organizations
soldiers are expected, for the good of the troop,
to voluntarily use their skills without expecting
anything in return, and to take initiative when required. This is conceptualized in the literature as
the “good soldier syndrome” [3, 5]. Similarly, an
employee is also expected to make contributions
to add value to the organization that go beyond
his/her formal role.
958

Although there are different classifications
made in the literature with respect to the different
dimensions of organizational citizenship behavior
[9, 5], there is no consensus on the issue and different studies use different classifications [10, 11,
8]. In studies on educational organizations, in particular, dimensions used in previous research are
not used, and organizational citizenship behavior
is studied as a single dimension phenomenon [12,
13]. According to DiPaola and Hoy (2005), there
are two basic reasons behind this. First, organizational citizenship behaviors have a very specific
content, and second, schools, mostly public, are
different from private sector organizations [13].
Hence, this study also employs a holistic approach
and examines organizational citizenship behaviors
under a single dimension.
Management by Values
Although similar from the outside, organizations have unique values that differentiate them
from one another. In many organizations, members have perceptions about acceptable and unacceptable organizational behaviors [14]. According
to Schein (1992), organizational culture consists
of artifacts, values and assumptions [15]. Values
define the character of the organization, provide a
sense of belonging and mission for the employees
[16], and guide the behaviors of the managers [17].
It has been argued that successful managers are
those who value the attitudes and values of their
employees and take them into account [18]. This,
in turn, suggests management by values. The basic assumption behind the idea of management by
values is that people are better described as valuedriven beings rather than rational beings [19]. The
concept of management by values is used to refer
to the high quality management of an organization
by values with the purpose of maximizing organizational performance [20]. Management by values
is management in consideration of organizational
values and individual values of the employees,
taking values into account in management, being
sensitive towards values, taking care to keep the
employees motivated and to develop their skills,
and management of the organization in line with
organizational values [21].
Volume 6 / Number 4 / 2011
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Organizational level values consist of members’
evaluations about various situations, roles, objects,
and people. Values reflect the general aims, ideals,
standards, and practices of an organization. Management by values is a management approach that
can facilitate the realization of the personal and professional potentials of all employees, improve harmony between group members, minimize conflicts
by increasing the cooperation and harmony among
the employees, and thus contribute to the creation
of a strong organizational culture [22, 23, 20]. As
such, management of an organization by values can
be expected to affect the attitudes of employees towards the organization, and thus can be treated as
a variable that facilitates and predicts employees’
organizational citizenship behaviors.
Organizational Trust
Trust, which can be defined as a feeling of belief
without fear, hesitation or doubt [24, 25, 26, 27] is
very important for organizations. According to Lewicki, McAllister and Bies (1998), organizational
trust means that employees are confident about and
have positive expectations concerning organizational practices and policies affecting themselves,
even at times of risk [28]. Thus, employees with
high levels of organizational trust do not avoid taking risks or displaying novel ideas and behaviors. In
such organizations, an open organizational climate
forms, fears and uncertainties are eliminated, responsibility is shared, employees are prone to team
work, and conflicts and turnover rates are low [29,
30]. From this perspective, employees with high
organizational trust can be expected to display behaviors that go beyond what is expected of them
in their formal role definitions. Many studies in the
literature [31, 32, 33, 34, 35] find that organizational trust is a predictor of organizational citizenship
behavior. Organizational trust of the employees is
shaped by the behaviors of the groups or individuals with which they come into direct or indirect
contact within the organization. Because this study
aims to examine teachers’ trust levels, dimensions
of organizational trust to be studied were identified
as trust in the principal, trust in colleagues, and trust
in stakeholders [36, 37, 38, 35, 39]. In what follows, these dimensions are briefly explained [35].
Volume 6 / Number 4 / 2011

Trust in principal: this dimension is about whether teachers trust the honesty of the principal, whether the principal keeps his or her promises, whether teacher-principal relations are consistent, and
whether the principal is interested in teachers’ problems but avoids sharing their personal and private
information with third persons. Trust in colleagues:
this dimension is about whether teachers trust their
colleagues in the organization, whether they are
open, consistent and loyal to one another, whether
teachers believe in one another’s words, and whether they have faith that conversations among them
will remain private. Trust in stakeholders: this dimension is about whether teachers believe in their
students, in families of their students, in students’
work, in parents’ support, and in students’ and their
parents’ words. It is also possible to treat organizational trust as a single entity as well, because organizational trust is a whole consisting of employees’
trust in managers and in the organization itself [40].
Some of the studies in the literature find that
management by values and organizational trust
are among the important predictors of organizational citizenship behavior. However, these studies examine the effects of organizational trust and
management by values on citizenship behavior
separately. The present study, on the other hand,
examines the effects of organizational trust and
management by values both separately and together. Thus, the overall aim of this study is to
analyze the effects of management by values and
organizational trust on the organizational citizenship behaviors of teachers. With this purpose, answers to the following questions were sought:
Q1. What are the views of the participants on
management by values, organizational
trust and organizational citizenship?
Q2. Are management by values and organizational trust significant predictors of the
organizational citizenship behaviors of
primary school teachers?
Method
The study uses a survey methodology because
it aims to investigate the present state of the relationship between management by values, organizational trust and organizational citizenship.
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Sample
The universe of the study consisted of the 926
teachers working in primary schools in Kütahya
city center in the 2010-2011 academic year. The
disproportionate cluster sampling method was
used to select the sample. Sample size was calculated as 272 with a confidence level of 95%. Considering that, some of the questionnaires would not
be returned, 320 teachers were contacted. Analyses were conducted using the 279 valid questionnaires that were returned. A total of 53.4% of the
respondents were female (n=149), and 46.6%
were male (n=130). A total of 50.9% of the participants were class teachers (n=142), and 49.1%
(n=137) had specific fields. Ages of the teachers
who participated in the study varied between 23
and 58, and their years of employment as a teacher
varied between 1 and 36.
Data Gathering Instruments
Management by Values Scale, Organizational
Trust Scale, and Organizational Citizenship Scale
were used for data collection. Management by
Values Scale [21] contains 25 Likert-type items
designed to identify the views of teachers on management by values at their schools. One of the
items in the scale is reverse-scored. The scale is
uni-dimensional, and this single dimension explains 40% of total variance. Factor loadings of
the items of the scale vary between 0.36 and 0.87.
Yılmaz (2006b) reports the Cronbach Alpha Reliability Coefficient of the scale as α=.94 [21]. The
options of 1-Strongly disagree, 2-Disagree, 3-Neither agree nor disagree, 4-Agree, and 5-Strongly
agree are provided for the items on the scale.
Higher scores indicate that teachers have more
positive evaluations for the management by values at their schools. Some of the items on the scale
are as follows: the principal at our school does not
like secretive practices; hard workers are publicly
praised; cooperation with colleagues is encouraged. Cronbach Alpha reliability coefficient of the
scale was α=.93 in this study.
Organizational Trust Scale was developed by
Yılmaz (2006a) and reliability and validity studies were carried out [38]. The scale consisted of
960

three sub-dimensions (trust to administrator, trust
in colleagues and trust in stakeholders) and totally 22 items. Reliability coefficients of the scale
were found respectively as follows: 0.89 for Trust
to Administrator Subscale, 0.87 for Trust in Colleagues Subscale, and 0.82 for Trust in Stakeholders Subscale. Total variance explained by
the whole scale was 45.31% and Cronbach Alpha
reliability coefficient was 0.92. The answer sheet
of the scale was as follows: 1-Never, 2-Rarely,
3-Sometimes, 4-Mostly and 5-Always. Total scale
scores showed the level of participants’ views
about organizational trust at high schools. A high
score from each factor showed a high feeling of
trust, and a low score showed a low feeling of
trust. The scale included statements such as the
following: “I believe in school administrator’s
honesty”, “Teacher-administrator relationships in
school are consistent”, “School principal keeps his
promises” (trust in administrator), “I believe what
other teachers say”, “Teachers in school are open
to one another”, “I believe teachers’ conversations
are confidential” (trust in colleagues), “I trust student work”, “I believe what parents say”, “I trust
parents” (trust in stakeholders). Cronbach Alpha
reliability coefficient of “Trust in Administrator
Sub-dimension” is α=.78, “Trust in Colleagues"
Sub-dimension is α=.92, “Trust in Shareholders”
Sub-dimension is α=.89 and the reliability coefficient of whole scale is α=.92 in this study.
Organizational Citizenship Behavior Scale [41]
consisted of 12 (10 positive, 2 negative) Likert type
items. The scale had a single factor structure. The
original form of the scale was scored from I totally
disagree to I disagree, ranging from 1 to 6. However,
in the adaptation study of the scale, the answer sheet
consisted of the following options: 1-I totally disagree, 2-I disagree, 3-I moderately agree, 4-I agree
and 5-I totally agree. The adaptation study of the
scale was carried out by Taşdan and Yılmaz (2008).
High scores showed high organizational citizenship behaviors. Factor loadings of the scale items
ranged from .30 to .78. Total variance explained by
the whole scale was 45.31% and Cronbach Alpha
reliability coefficient was 0.92. Organizational Citizenship Behavior Scale included statements such
as the following: “Teachers help students in their
free time”, “Teachers are eager to support extra curricular activities”, and “Teachers share information
Volume 6 / Number 4 / 2011

technics technologies education management

about various topics with colleagues” [55]. Cronbach Alpha reliability coefficient of the scale was
α=.82 in this study.

citizenship. Then, analyses of the degree to which
management by values and organizational trust
predict organizational citizenship levels of the
teachers are presented.
Overall (n=279), primary school teachers think
their schools are managed by values. The arithmetic mean of the participants’ management by
values scores (M=3.85, S=0.61) is closest to the
“Agree” response. Arithmetic means of the participants’ organizational trust scores show that their
views are closest to the “often” response in the dimension of trust in colleagues (M=3.85, S=0.70)
and trust in principal (M=3.83, S=0.59), and to the
“sometimes” response in the dimension of trust in
stakeholders (M=3.42, S=0.73). Their overall trust
score is closest to the “often” response (M=3.70,
S=0.55). Teachers who participated in the study
display a high level of organizational citizenship
behavior. The arithmetic mean of their organizational citizenship scores is closest to the “Agree”
response (M=3.975, S=0.51).
The second aim of the study is to analyze whether management by values and organizational trust
are significant predictors of organizational citizenship behaviors. Organizational citizenship behavior
was treated as the variable to be predicted in the
study. A hierarchical regression analysis was run,
and variables were entered into the regression equation in three groups. The first model examined the
effect of management by values, and the second

Data Analysis
To examine teachers’ views, descriptive statistics were used. To analyze whether management by
values and perceptions of organizational trust are
significant predictors of organizational citizenship
behavior, Hierarchical Multiple Regression was
used. Multiple Regression is a method used to estimate change in a dependent variable by change in
two or more independent variables. In hierarchical
multiple regression, more information is obtained
about the dependent variable by entering independent variables into the regression equation in steps.
Correlation coefficients were considered to be high
when their absolute value was in the range of 0.70–
1.00, moderate when their absolute value was in the
range of 0.69–0.30, and low when their absolute
value was in the range of 0.29–0.00 [42].
Findings
This section first presents findings on the views
of primary school teachers on management by
values, organizational trust, and organizational

Table 1. Hierarchical regression analysis results of predictive factors of organizational citizenship behavior
Model

Variables

B

Standart
Error

β

T

p

ZeroOrder (r)

Partial (r)

1

Constant
Management by values

2.292
0.437

0.165
0.042

0.527

13.91
10.32

0.00
0.00

0.53

0.53

2

R=0.53, R2=0.28, F(1–277)= 106.6, p=0.00
Constant
Trust to administrator
Trust to colleagues
Trust to stakeholders

2.165
0.117
0.371
-0.022

0.178
0.053
0.045
0.041

0.135
0.510
-0.031

12.17
2.23
8.23
-0.53

0.00
0.02
0.00
0.59

0.40
0.57
0.28

0.13
0.44
-0.03

R=0.58, R2=0.37, F(3–275)=46.4, p=0.00

3

Constant
Management by values
Trust to administrator
Trust to colleagues
Trust to stakeholders

1.867
0.256
0.022
0.300
-0.036

0.180
0.050
0.054
0.045
0.039

0.309
0.025
0.414
-0.051

10.37
5.11
0.40
6.63
-0.91

0.00
0.00
0.68
0.00
0.36

0.53
0.40
0.57
0.28

0.30
0.03
0.37
-0.06

R=0.63, R2=0.39, F(4–274)=44.5, p=0.00
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examined the effect of organizational trust on organizational citizenship behavior. In the third model,
all variables used in the previous two models were
included in the analysis. Table 1 reports the results
of the hierarchical regression analysis on the variable predicting organizational citizenship behavior.
Table 1 shows that both Model 1 (R=0.53,
R2=0.28, p<0.01) and Model 2 (R=0.58, R2=0.37,
p<0.01) are statistically significant predictors of organizational citizenship. By itself, Model 1 explains
28% of the total variance in organizational citizenship behavior, and Model 2 explains 37%. Model 3,
which was created to examine how management by
values and organizational trust predicted organizational citizenship behavior when considered together, is also significant (R=0.63, R2=0.39, p<0.01).
Together, Model 1 and Model 2 explain 39% of
the variance in organizational citizenship behavior,
which means that the addition of organizational
trust to the regression analysis made an 11% contribution to total variance explained.
Variables predicting organizational citizenship
behavior are ordered by the magnitude of their
standardized regression coefficients (β) as follows: management by values, trust in colleagues,
trust in stakeholders, and trust in the principal.
Results of the t-test on the significance of these
regression coefficients show that management
by values and trust in colleagues are significant
predictors of organizational citizenship behavior,
whereas the effects of trust in the principal and
trust in stakeholders are not significant. Trust in
the principal is a significant predictor of organizational citizenship behavior when considered in
isolation, but an insignificant one when other variables are also entered in to the equation. Bivariate and partial correlation coefficients in Model 3,
which includes all the variables used in previous
models, also confirm this observation. Positive
and moderate level relationships were found to exist between organizational citizenship behavior on
the one hand, and management by values (r=0.53),
trust in colleagues (r=0.57), and trust in the principal (r=0.40) on the other. Between organizational
citizenship behavior and trust in stakeholders, a
negative and low-level relationship was found.
When other variables were controlled for, however, positive and moderate level relationships
were found to exist only between organizational
962

citizenship behavior on the one hand, and management by values (r=0.30) and trust in colleagues
(r=0.37), on the other. Trust in the principal and
trust in stakeholders were found to have a negligible low-level relationship with organizational
citizenship behavior. Based upon these findings,
the regression equation is as follows:
Organizational Citizenship =
=1.867 + 0.26 Management by Values +
+ 0.30 Trust in Colleagues +
+ 0.02 Trust in Principal –
– 0.04 Trust in Stakeholders
Results and Discussion
This study aimed to examine the effects of
management by values and organizational trust on
organizational citizenship behavior. Prior to examining these effects, views of the participating
teachers on management by values, organizational trust and organizational citizenship behaviors
were examined.
Participating teachers’ evaluations concerning
the management of primary schools by values is
very positive. This finding parallels the findings
of previous studies conducted in Turkey on the
subject [21, 43, 44]. The fact that teachers have
positive perceptions concerning management by
values is significant because organizational values constitute the core of organizational culture,
shape the aims of an organization, and are among
the sources of success criteria [45]. Management
by values plays an important role in solving management problems, motivating the employees, and
guiding them to common goals for the success of
the organization [46, 47, 43]. In addition, it has
been argued that organizational values are related
to organizational performance [48]. Values are
strong paradigms that shape organizational rules
and regulate the actions of the members of organization [49]. Management by values contributes
to the creation of a safe work environment, and
as such, is also expected to be among important
predictors of organizational trust.
Overall, teachers who participated in the study
have positive views on organizational trust. Primary school teachers trust their colleagues the
Volume 6 / Number 4 / 2011
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most, followed by school managers, and trust the
stakeholders (students and their parents) the least.
Trust in colleagues and trust in the principal are
high, whereas trust in stakeholders is at a moderate level. Previous studies conducted in Turkey
on the subject also find similar results concerning
trust in school managers and in colleagues [50,
51, 52]. Trust is a basic human need. In Maslow’s
hierarchy of needs, trust is identified as the most
important need after physiological needs. Perceptions of mutual trust or distrust among managers,
teachers, students and parents, with whom teachers are in constant contact, have implications for
the quality of communication within the organization and thus for the success of the organization as
well. Hence, the high level of trust among teachers
is an encouraging finding. However, it is notable
that the same teachers have low levels of trust in
students and their parents. This can be explained
with reference to the pre-dominantly teacher-centered structure of the Turkish education system.
Although there have been efforts in recent years
to improve school-community ties, it seems that
these efforts were not sufficient.
Organizational citizenship behavior, defined as
the extra-role behaviors of the employees for the
benefit of the organization, recently emerged as an
important area of research. Much of this research
focuses on predictors of organizational citizenship, and its effects on other variables. This study
examined the effects of management by values
and organizational trust on organizational citizenship behavior.
Findings of the study showed that management
by values and trust in colleagues are significant
predictors of organizational citizenship behavior.
These two variables together explain around two
fifths of the variance in organizational citizenship
behavior. Trust in the principal and trust in stakeholders, on the other hand, were found to be insignificant in predicting organizational citizenship.
Trust in the principal was a significant predictor
of organizational citizenship behavior when considered in isolation, but it ceased being significant
when other variables were controlled for. An interesting finding of the study was that, of the three
trust dimensions, teachers’ trust in their colleagues
had the strongest effect on citizenship behavior.
This finding can be explained with reference to the
Volume 6 / Number 4 / 2011

fact that organizational citizenship behavior is not
a formal requirement and is not based upon school
policy. Celep (2000) finds that teachers usually
have close and friendly relationships among themselves, that their citizenship behavior arises from
a commitment to the profession in general and not
to the particular school in which they happen to
work, and that their organizational commitment
is lower compared to their professional commitment [53]. Thus, positive attitudes held by teachers towards the teaching profession and cordial
relations with colleagues have stronger effects on
organizational citizenship behaviors. However,
this does not mean that employees’ organizational
citizenship behaviors are not affected by the behaviors of the school principal, because both trust
scores and organizational citizenship scores were
high in this study. Implications of a low level of
trust in the principal for organizational citizenship
behaviors can be the subject of a future study.
The effect of management by values on organizational citizenship behavior is also notable. By
itself, management by values explains more than
one fourth of the variance in organizational citizenship behavior. This significant effect organizational values have on organizational citizenship
behaviors is an expected one because values are
influential when employees form their views and
professional judgments, and they support employee attitudes and tendencies [54]. Values bring people together and motivate them to work for common goals [46]. In addition, organizational values
help create a strong culture, improve harmony and
cooperation between members, and reduce conflicts [22]. Thus, values make important contributions to the development of solidarity within an
organization, and to the organizational citizenship
behaviors of its members.
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Abstract
One of the key prerequisites for successful implementation of the process of restructuring in the
economies of the European transition countries and
their reintegration into global financial and trade
streamlines was opening of these economies to foreign investors. Foreign direct investments may have
double impact on total economic performances of
the countries in transition: the first impact is the capital component of the investment package, having in
mind the lack of necessary finances for new investments. The second effect of foreign direct investment refers to positive changes in exports structure
under the influence of the inflow of foreign direct
investments. The more intense exports technologically, the stronger impact would be. In this paper, the
focus is on a significant statistical relation between
export of goods and inflow of foreign direct investments (FDI), based on the results of the co-relational
analysis. Intensification of exports represents an important precondition for the increase of economic
activity of a country. It is particularly important
when the country is small, with modest resources,
first of all due to the fact that on the domestic market
economy of scope cannot be achieved (being one
of the most important conditions for strengthening
competitive position of the domestic companies
abroad), as well as due to the lack of the basic production inputs, goods and services from domestic
sources, because of which exports is on the increase,
and consequently the need to intensify exports, so as
to keep foreign trade balance. Transitional countries
which were able to strengthen the exports sector and
provide high level of exports, have gone through the
process of transition most quickly and easily, managing to come close to the most developed countries
of the European Union.
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Introduction
The effect of foreign direct investments on the
economy of a country varies in many ways, and is,
first of all influenced by what country or a group
of countries one has analysed in terms of these effects, the period which the analysis refers to (there
is a difference between a short-term and long-term
effect). It also depends on whether you analyse the
influence of the outgoing FDI to the country of origin of the capital or the effects of the incoming FDI
in the host country. It also depends on whether the
analysis takes into consideration factors such as
ecological protection and cultural identity, etc.
Opening towards foreign investors has represented on of the main preconditions for the return
of Central and East Europe countries (CEE) to
globally dominant market economy, as well as the
successful response to challenges of structural adjustment. Being one of the inevitable factors of the
process of transition, FDI played a key role in the
European transition countries. Companies owned
by foreign capital achieve high performances, first
of all in productivity, profitability and investments.
As a result of these improvements, companies and
sectors with a significant inflow of foreign capital
were a lot more successful in enduring pressures
imposed by the competitors on both domestic and
foreign market.
During the first half of 1990s, at the beginning of
the transitional period, in many European transition
countries, the question of the effectiveness of the
foreign capital inflow was frequently raised. There,
967
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however, was a fear from the negative effects of
foreign direct investments, and first of all due to
the loss of sovereignty (depending too much on the
foreign capital), possibilities of launching speculative (’dirty’) capital and huge increase of imports as
a consequence of import-dependent multinational
companies. During the time, the attitude prevailed
that positive effects of foreign direct investments
are numerous and surpass the negative ones. Significant increase of exports has become evident,
after a certain period of time, (time-lag is usually
between one and three years), as a consequence of
the improved exports structure, technological improvements of production capacities and raising
whole economy to the higher level. So, after the
initial scepticism, the European transition countries
started to compete among themselves in mid 1990s
so as to create the more favourable investment ambience in order to attract bigger amounts of foreign
direct investments.
The term “European countries in transition”
which is used in this paper involves 16 countries:
Albania, Bosnia and Herzegovina, Bulgaria, Croatia, The Czech Republic, Estonia, Hungary, Latvia,
Lithuania, Poland, Romania, Serbia, Montenegro,
Slovakia, Slovenia and the Former Yugoslav Republic of Macedonia. Within such classification,
the five Central Europe countries are marked ‘CE5’ and they entail: the Czech Republic, Hungary,
Poland, Slovakia and Slovenia.
Analyses of the determiners of FDI which are
made in this paper suffer from certain limitations
which could not be escaped and which should
be taken into consideration in explanation of the
presented parameters and conclusions. The limitations first of all refer to unification and standardisation in the field of records keeping on foreign
direct investments. Namely, a relatively small
number of countries in the world completely follow the instructions and recommendations given
by the International Monetary Fund for measuring of foreign direct investments. The European
transition countries use different statistical methods in calculating FDI, taking into consideration
different components in representing inflow and
outflow cumulative of FDI and prescribe different conditions in acquiring the control package of
ownership over the enterprise in terms of management. Apart from that, observed time periods vary
968

and can result in a significant discrepancy in comparison of the data during the time period. All that
can influence a series of lapses in statistical data
which refer to foreign direct investments.
Determinants of transitional processes
Transition of one economy, i.e. its transition to
market economy, requires changes on micro and
macro level of doing business, building up legal
and institutional infrastructure simultaneously
which should provide and facilitate these changes.
Essential element of the success of a transitional
process is the integration of a country in transition
into international financial flows. In these countries, during the transitional period, the need was
identified for capital which should help revival of
production and building up of infrastructure. Significant economic problems which economies of
the countries in transition have encountered from
the beginning of economic and political transformation at the beginning of 1990s are complex and
interlaced. Important experience of the successful
transitional economies shows that faster economic
growth cannot be ‘bought’ by high inflation. Also, it
has been proved that reduction of inflation does not
cause recession. On the contrary, elaborate econometric research made in the transitional economies
proved that main determiners of growth were low
rate of inflation, reduction of public spending and
determined implementation of institutional reforms. What surprises most is that counties which
achieved better economic results in terms of growth
and inflation register equality in distribution. It turns
out that sustainable growth of economic activity is
first of al based on macroeconomic stability, inflow
of foreign and increase of domestic investments,
increase of competitiveness and exports, and consequently the increase of income and standard of
living. In such a mechanism of economic growth
the biggest disturbances happen due to the increase
in domestic demand, which undoubtedly show that
there is macroeconomic populism which may bring
about the danger that the inflationary expectations
refuse strategic investors, while another two causes
of inflation (correction of disparity and growth of
the prices of energy substances) much lesser influence not only formation of the actual rate of inflaVolume 6 / Number 4 / 2011
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tion, but, what is most important, less influence inflationary expectations and investment decisions of
economic entities.
Countries in transition in Central and East Europe have achieved considerable progress during
the last twenty years in their integration within the
world economy. However, improvements are not
equal in all countries. In some advanced countries
the importance of the market has increased as well
as the inflow of capital, while in others the progress
has not been balanced in some important areas such
as restructuring of companies and banks, reform of
legal framework, etc. In most countries transition
started with liberalisation of prices from artificially
high levels, which caused the increase of the inflation. Along with that, there was a fall in production.
Within global strategy, it is evident that fast action
was possible in some aspects of reform (liberalisation of prices and trade, stabilisation of inflation
and privatisation of small enterprises) while in others it is clear that reform takes time.1 Moreover, it
can be concluded that fast implementation of liberalisation and stabilisation was generally accepted
as an optimum. In terms of sequence of events of
implementation, it has to be pointed out that some
reforms are the precondition – e.g. privatisation
would not be successful without satisfying legal
framework and financial system, while liberalisation of prices should be implemented after achieving macroeconomic stability. Intensified integration
in the world economy through fast liberalisation of
foreign trade, finances and investments is accepted
as a concept for prevention of drawbacks in the development because of the crisis in debt repayment.
What was not known in the process of transition so
far is the sequence of events (e.g. whether to liberalise imports or exports first).
Liberalisation of trade enables the best allocation of resources according to competitive advantages, providing income from exports which is
necessary for imports directed towards increase of
economic growth. Financial liberalisation attracts
foreign capital which tends toward high returns in
the countries poor with capital allowing them to
invest more than their own savings. From 1991
1 Controversies in terms of ‘shock treatment’ refer to
mainly macroeconomic stabilisation and speed of
privatisation, and lesser to trade liberalisation.
Volume 6 / Number 4 / 2011

to 1994 almost all European transition countries
notified negative annual rates of GDP growth. It
can be said that recovery of the economies of these
countries started in 1994 when only Estonia, Latvia and the Former Yugoslav Republic of Macedonia had negative growth rates. However, by mid
1990s, with some exceptions, GDP growth rates
in the European transition countries, regardless of
variations, were positive.
After the year 2000 record growth rates of more
than 10% were notified in the Baltic countries (in
some years), such as Slovakia and Montenegro in
2007. If observed per capita, Slovenia dominates
among the European countries in transition, with
more than USD 25000 in 2008. Other countries in
the region, members of the EU (apart from Bulgaria and Romania) are around the level of USD
15000 of GDP per capita. Among the countries of
South and East Europe, the best position occupies
Croatia, and the worst one Albania. If observed
in PPP ponders, differences are not so prominent,
but their relations within the European transition
countries are almost the same.2
According to the amount of foreign debt in
2009, Estonia, Latvia and Hungary are quoted
worst (the value of this indicator is approx. 120%
GDP), while the least value have Montenegro, Albania and Romania (below 40% of GDP).3 It is
interesting that in 2000 among all European transition countries, only Serbia and Bulgaria had foreign debt above 65%.
Indicators of the labour market, first of all
the unemployment rate, show clear differentiation among the European transition countries and
South-East Europe countries. However, in 2008
neither European transitional country, the member
of the EU, apart from Slovakia (9.6%), did have the
unemployment rate higher than 8%. On the other
hand, among South-East European countries, only
Croatia and Albania have unemployment rates below 13% while in other SEE countries this indicator is much higher. In the Baltic countries (which
turned out to be the most vulnerable ones under
the influence of the world economic crisis) in the
middle of 2009 unemployment rate went up and
amounted to 15% in May, 2009.
2 Source: World Bank Database
3 Source: EBRD Database
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Inflow of foreign direct investments in
transition countries
The role of foreign private capital in the countries in transition has grown in relation to the speed
by which these countries completed transformation and reform towards market economy and
achieved stabilisation and growth. For reformsuccessful transitional economies inflow of FDI
meant not only higher growth rates and speeding
up of structural reforms, but improvement of the
external financial situation of the country, increase
of foreign currency reserves and achievement of a
more favourable credit rating. Experience of the
Central and East Europe countries and different
results which they have achieved from the point
of view of attracting foreign direct investments
proved the thesis that building up of an attractive
investment basis in a national economy is a longterm process. Therefore, countries which started
reforms of their economies later and liberalisation of investment regimes, may have problems
in keeping pace with other countries which undertook these endeavours earlier, first of all due to the
fact that it is the market whose size allow for only
a few big investment projects in selected investment sectors.
The biggest cumulative of foreign direct investments among the European transition countries in
2008 (figure 1) had Poland (USD 161.4 bill), then
the Czech Republic with USD 114.4 bill. All other
European transition countries noted far lesser values
of inflow of FDI, below the level of USD 80 bill.
The growth of the inflow of FDI is evident in all
European transition countries in comparison with
the year 2000 when this indicator was less than
USD 35 bill in all observed countries, while in
South-East European countries which are not the
members of the EU it did not surpass USD 3 bill.
If observed in relation to GDP, inflow cumulative
of FDI was the biggest in Bulgaria, Estonia and
Montenegro in 2008 (92.2%, 68.8% and 67.1%
of GDP, respectively). FDI input cumulative per
capita in 2008 was the highest in Estonia and the
Czech Republic, over 11,000 US dollars. Significantly lower values were recorded for other European transition countries (all but Slovakia), below
the level of 8,000 US dollars. The lowest values
of this indicator were discovered in Albania and
970

Serbia, below 2,000 US dollars per capita.4 Considerable variations of the FDI inflow on annual
level is characteristic for all Central and East European countries, which particularly refers to the
second half of the ‘90s. Institutional environment,
privatisation model and realisation of the state
debt servicing were amongst the most important
factors explaining variations of the FDI inflow in
European transition countries, with an emphasis
on institutional environment. Privatisation aimed
at attracting FDI led to annual inflow fluctuations
in some European transition countries, hence different privatisation process methods and dynamics may explain certain differences in FDI flows.5
Distribution of foreign direct investments in
European transition countries against capital origin countries establishes an absolute primacy of
Germany, which is, having analysed the total of 13
transition countries the first among four ranked,
and the second biggest investor among five countries in the region. Austria and the USA are also
quite important investors in terms of the FDI’s
scope, among the first three investors ranked in
the total of six, i.e. five Central and East European
countries. We cannot but also single out the United
Kingdom, the Netherlands and France as countries
with a significant share in the overall input FDI in
the region. Generally speaking, EU countries have
been key investors in European transition countries. At least one EU country is among the first
three countries ranked by FDI origin for all 13 European transition countries in question.
4 Source: UNCTAD: World Investment Report, 2009
5 By the end of 1990s, no one but Hungary recorded a
post-privatisation inflow of FDI. Hungary’s decision to
continue servicing its foreign debt encouraged foreign
investors to reinforce investing in this country: in
addition to this, strategic sectors (telecommunication,
utilities sand financial services) were opened for foreign
investments 4-5 years before other countries in the
region were ready to do so. On the other hand, legal
framework in Slovenia (former Yugoslavia’s legacy)
kept foreign investors aloof. Romania and Bulgaria,
being close to Yugoslavia at war at the time, were
unattractive location for foreign investors, additionally
hindered by a slow implementation of reforms in these
countries. A significant growth of FDI inflow in Bulgaria
was recorded in 1997, coinciding with the first serious
effort to establish stability and liberalise the economy
following the financial crisis of 1996 and establishment
of new Bulgarian Government.
Volume 6 / Number 4 / 2011
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sector was underdeveloped and, secondly, investors’ profit and quicker capital turnover related assessments were decisive in this case.
Influence of foreign direct investments on
export

Figure 1. FDI inward stock in European countries
in transition in 2000 and 2008 (in mill USD).

Source: UNCTAD: World Investment Report 2009.
Note: data for Montenegro given for the years 2002 and 2008.

Sector distribution of foreign direct investments in European transition countries proves that
FDI has been the least used in the primary sector; this sector’s share in the total amount of FDI
in the region is below 2% (with an exception of
Croatia – 2,9%), while its average share is 1,4%.
62% of the total FDI stock in 27 European transition countries has been earmarked for the services
sector. Such a proportion is not in line with a share
of services in the GDP in transition countries; this
data may thus point at two issues: firstly, services

The Czech Republic, Hungary, Slovakia, Slovenia and Estonia were the best positioned among
all European transition countries according to the
total export of goods and services in 2008, in relation to the GDP. This indicator exceeds the level
of 70% of the GDP in five abovementioned countries. This indicator is over 50% in FRY Macedonia only of all SEE countries in the region.
Besides, overall foreign trade exchange deficit
is clearly spotted in the group of SEE countries
(table 1); Croatia is the only one with roughly balanced export and import with regard to the GDP.
On the other hand, export import ratio, in percentages of the GDP in 2008 is much more balanced in
European transition countries, EU members, with
export rate higher than the import one in case of
the Czech Republic, Hungary and Slovakia. Poland dominates when it comes to foreign trade
goods exchange with export of goods value of
177.3 billion US dollars in 2008.

Table 1. Export of goods, import of goods and trade balance in ETC (current prices in million US dollar)
Merch. export
2000
Czech Republic
Hungary
Poland
Slovak Republic
Slovenia
Estonia
Latvia
Lithuania
Bulgaria
Romania
Albania
B&H
Croatia
Serbia
Montenegro
Macedonia, FYR

29003,3
28821,9
35902,0
11872,4
8807,9
3295,4
2079,4
4050,4
4824,6
10366,0
255,4
755,0
4573,7
1645,0
161,3
1320,7

Merch. export
2008
122340,6
105837,5
177278,0
69921,8
29586,6
12580,8
9558,9
23736,9
22585,5
43000,0
1353,2
5500,0
12806,3
10956,5
946,9
3970,9

Merch. import
2008.
116585,3
105711,2
200000,0
70929,3
33425,3
15284,7
15342,6
29304,9
35450,3
70000,0
4887,2
12000,0
28539,7
22213,0
3585,8
6522,7

Trade balance
2008.
5755,3
126,3
-24377,0
-1007,5
-3838,7
-2703,9
-5783,7
-5568,1
-12864,8
-27000,0
-3533,9
-6500,0
-15733,4
-11256,5
-2638,8
-2551,8

Source: EBRD Database
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The Czech Republic and Hungary also recorded respectable export values of over 100 billion
US dollars, while Croatia and Serbia singled out
among SEE countries with the export of goods
values of over 10 billion US dollars level in 2008.
Tendencies and mutual relations of European transition countries do not significantly differ when it
comes to import either. Export growth in 2008 in
comparison with 2000, is evident among all European transition countries, exceptional among advanced European transition countries, particularly
in Slovakia and the Czech Republic. The Czech
Republic was the only one recording foreign trade
exchange surplus in 2008, followed by Hungary
with a minimal surplus amount. Romania recorded the highest deficit amounting to as much as 27
billion US dollars.
Hi-tech export analysis (figure 2), in % of export by the light industry, for a ten-year period,
reveals a progress among all European transition
countries EU members, Hungary and the Czech
Republic being the leading ones.

Figure 2. Hi-tech export in European transition
countries (% of export by light industry).
Source: World Bank Database

We should draw attention to asymmetry in pace
of trade liberalisation among countries in transition
and developed countries: developed countries have
already introduced lower protection rated and applied a step-by-step liberalisation, whereas many
developing countries have harboured a 'big bang'
approached. Academicians and economic policy
creators have much discussed trade reform reasons.
Liberalisation of trade between the EU and European transition countries have brought about a significant rise in export from transition countries to the
EU market (import from the EU has also increased
as a result of rapid development of these economies).
972

Countries in transition have relatively quickly
signed EU accession agreements, so-called Europe
Agreements. These agreements were asymmetric
since the EU countries hastily opened their markets for industrial products of associated members,
while the latter gradually decreased their custom
duties over a certain period of time. Agricultural
and some sensitive industrial products were treated differently. Hence, tariffs on agricultural products were slower to reduce on both sides, whereas,
new associated members downsized much more
quickly duties on textiles, for example, or on steel
in case of the EU members.
To sum up, liberalisation was a relatively quick
process, resulting in duty free market in the end
of 2000. Quotas and other non-customs protection
instruments were practically abolished as soon as
the Europe Agreements were signed. However,
temporary import surcharges were introduced due
to certain issues some countries faced in transition
process.
Researching correlation of foreign direct investments with economic growth of a country
may imply analysis of different indicators influencing placement of FDI. Export of goods is one
of the most important economic growth indicators. A great number of studies dealt with relation
between input foreign direct investments and export of goods; this area is understandably interesting enough having known the importance and extremely complex relations between two variables.
This part of the paper aims at defining a correlation between input foreign direct investments
and export of goods for each of 16 European transition countries individually by using correlation
analysis.
Correlation is measured by the Pearson’s correlation coefficient as the best method of measuring
the correlation, because it is based on the method
of covariance. Pearson’s correlation coefficient
gives information about the degree of correlation
as well as the direction of the correlation.
The analysed period from 1994-2008 is characterised by a constant export growth trend in the
whole region, with an exception of 1999 (with
almost all countries in the region), while export
growth rates are below 100 for certain years
mainly in SEE countries. Pearson correlation coefficient has been calculated and input FDI cumuVolume 6 / Number 4 / 2011
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lative rates have been correlated with export of
goods growth rates.
Statistic data for Bosnia and Herzegovina and
FYR Macedonia, published by UNCTAD, are not
available for whole abovementioned period, hence
the results should be accepted only in part.
Correlation analysis results are presented in the
table 2 and underline the following conclusions:
all, but two Baltic countries (Latvia and Lithuania)
and three SSE countries (FYR Macedonia, Montenegro and Croatia), all with relatively low input
FDI cumulative, record a positive correlation. It
ranges from 0.098811 (Romania) to 0.686418
(Slovenia) for the group of five advanced European transition countries.
A one-year time-lag being included, Latvia records a positive coefficient (0.325498), which is
slightly lower when a two-year time-lag is calculated 0.255043. A one-year time-lag also increases
correlation coefficients for three countries: Hungary, the Czech Republic and Slovenia (0.628663,

0.431133 and 0.694469, respectively). Correlation
coefficient continues to grow only in case of Slovenia with a two-year time-lag (0.697792), whereas it goes down by more than 50% in case of other
two countries.
Time-lag does not bring about any significant
variations among other countries.
Nonetheless, time-lag issue is always an important limiting factor in results analysis when
studying correlation of foreign direct investments
with any other indicator.
Namely, FDI’s effects lag behind for a certain
period of time, the duration of which is hard to
define in terms of the moment of FDI placement.
Besides, time-lag varies form country to country,
hence additionally hindering its inclusion in an
econometric study.
Many authors refer to the time-lag issue as a
big unknown. Some studies fail to take it into consideration at all, while others deal with a one or
two-year time-lag linearly for all countries.

Table 2. Published correlation analysis results: FDI and export of goods in ETC
Export of
Export of
goods growth goods growth
rate mean
rate standard
value
deviation
Albania

FDI stock
growth rate
mean value

FDI stock
growth rate
standard
deviation

Pearson
Relevance
correlation
level
coefficient

120,04656

20,07836

128,69744

26,311831

0,580539

0,023262

134,607

31,395967

126,04927

19,139634

0,400978

0,221633

Bulgaria

113,77458

15,54235

143,193

22,553553

0,148484

0,59741

Croatia

108,79992

11,498358

142,47497

39,15531

-0,100992

0,720251

Czech Republic

117,28167

11,310056

127,4318

17,346911

0,415411

0,123591

Estonia

120,98446

15,481482

133,55181

23,541482

0,404057

0,135254

Hungary

120,21699

22,211069

121,22919

18,370483

0,562847

0,028929

Latvia

116,48469

12,654272

131,85567

23,639632

-0,138648

0,622164

Lithuania

118,93199

15,61889

139,29361

36,632251

-0,400773

0,13876

FYR Macedonia

110,07933

14,132027

135,82274

27,880766

-0,215655

0,459022

Montenegro

127,13413

28,489534

191,30467

54,324448

-0,250445

0,632187

Poland

119,26009

12,040513

135,20398

27,713276

0,444941

0,096535

Romania

115,44013

11,027131

151,50887

37,14259

0,098811

0,726075

Serbia

113,68728

28,710814

134,45

24,840538

0,676024

0,022394

Slovakia

119,34216

14,442445

134,63293

21,662464

0,476638

0,072444

Slovenia

111,52949

9,857302

117,36181

24,379349

0,686418

0,004712

B&H

Source: author’s calculations on the basis of data: referring import of goods - UNCTAD Statistics Database;
for FDI - UNCTAD: World Investment Report, 2009.
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Having said this, one may draw a conclusion
that the results might differ significantly provided
a different time-lag is calculated in the estimate.6
The most important change in the last decade of
the 20th century refereed to altered position of European transition countries in international labour
distribution. Namely, these countries were mainly
exporters of raw materials to the OECD.
However, in the ‘90s, a final production share
went up and at the same time raw inputs share
decreased, such as the total export of raw materials, mines, minerals and non-ferrous metals.
This U-turn is even more noticeable in foreign
trade exchange with EU countries than with less
developed countries. Even though redirection of
export from CMEA countries’ markets towards
EU countries initially triggered off the process, restructured industries and corporative management
enhancement (mainly as a result of FDI inflow, i.e.
arrival of foreign investors to European transition
countries) supported these changes in a highly demanding and competitive EU market.
Growth of industrial components export to the
EU market compensated for obvious stagnation of
export to other markets. It was obvious that European transition countries, new EU members,
drastically altered trade structure and practically
assumed a new role in international labour distribution. Export of these countries, nowadays
mainly directed to the EU, is largely export of
multinational companies, their residents. Progress
in the process of transition with the Central European countries focused their export, more and
more, on hi-tech products. In course of the first
6 Hence, for example, cross-section regression analysis
presented in the work called Foreign Direct Investments
Methods and Determinants, referring to influence of
different determinants on the FDI outputs of Germany
and the USA, applied a one-year time-lag, and realised
in the end that this very time-lag may not be the one
giving the best statistic results and that a higher time-lag
variable or even their combination would have offered
more relevant correlations in statistical sense; VidasBubanja M.: Ibid. pp. 265. Nunnenkamp, however, in
his correlation analysis (dealing with 28 developing
countries and examining correlation of FDI flows with
the GDP growth, FDI restrictions, risk factors and other
variables) applies a two-year time-lag; Nunnenkamp,
P.: Determinants of FDI in Developing Countries: has
globalization changed the rules of the game?, Kiel
Institute for World Economics, Kiel, 2002, pp.30.
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transition years, follow signing preferential trade
agreements with the EU, these countries increasingly opened up, foreign direct investments flow
significantly went up, leading to a radical change
of production structure, assisted by a geographic
proximity of the EU market. Although it was logical developing countries would start with sectors
showing competitive advantages (low-tech sectors
in the first place), they rapidly progressed thanks
to quick learning, organisational and managerial
capacities. This, therefore, implies that backward
economic structure may sometimes under certain
circumstances be an advantage, since adoption of
hi-tech at short notice skips an intermediary phase.
Conclusion
Current experiences of European transition
countries reiterate that the role of foreign private
capitals increase is proportional to the pace of
transition and transformation of these economies,
i.e. in line with the level of achieved reforms leading to market economy and the level of achieved
economic stabilisation and growth. Political stability and legal safety have been quite influential
in European transition countries when it comes to
creation of foreign direct investments flow, sometimes even more important than macroeconomic
factors. Model selection and privatisation process
dynamics, accompanied by adequate foreign debt
servicing, have facilitated, for example, Hungary
to receive a significant sum of foreign capital in
initial phase of transition period. Besides, strategic
sectors (telecommunication, utilities and financial
services) were liberalised and opened for foreign
capital half a decade before other countries in the
region did it.
Experiences of European transition countries
prove that FDI’s influence is evident in case of
a U-turn in foreign trade exchange structure of
European transition countries, primarily with EU
countries, ranging from products distinguished by
unqualified work and natural resources, to technologic products. Increase in export to developed
countries markets is based on altered export structure dominated by industrial products. Importance
of technologic progress in the process of catching
up with developed western economies has become
Volume 6 / Number 4 / 2011
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more than obvious at the end of the '90s. Foreign
direct investment, together with the EU Market
Preferential Access Agreement, played a key role
in a powerful growth of competitiveness of European transition countries export to the Western
European market. Correlation analysis results as
an integral part of this paper, plus a one and two
years of time-lag included have discovered a positive correlation between input FDI and export of
goods. A significant increase in FDI inflow, as well
as improved level of quality and technologic performances of export primarily in CE-5 countries
evidently resulted in a dynamic growth in share
of medium and hi-tech products in the total export
in comparison with the share of primary products
and products based on natural resources. Hence,
besides capital related component, positive influences of FDI are obvious in these countries: on
technology, productivity, as well as on growth
and changes production and export structure (spill
over effects). Export orientated FDI show positive
impact on foreign trade exchange balance. One
should here take into account a fact that many foreign capital companies are input import oriented,
which primarily refers to initial business phase (as
time passes by they more intensively link with local manufacturers of raw material and semi-products, thus reducing need for import). Market orientated FDI, however, in case export is neglected
and most inputs are imported, may significantly
deteriorate foreign trade balance. Imported raw
material and reproductive material degree also has
a significant influence: namely, one off import of
machines and equipment might be quite expensive, aiming at provision of modern technology;
however, if a current production is much importdependent, it is then questionable whether an increased export would be sufficient to make up for
rise in import of raw materials essential to production processes.
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Abstract
The field of wireless sensor networks has drastically advanced over the past several years, and is
penetrating into all aspects of engineering, medicine,
and management in particular, and the society as a
whole. Consequently, a need has arisen to create a
course which is accessible to students of engineering, medicine, and management, and other majors,
as well. This paper presents one such effort, to create
a course which is, in its three-credit version, suitable
for electrical and computer engineering graduate
students, in its two-credit version suitable also for
graduate students of management and business administration, and in its one-credit version suitable for
graduate students of medicine. The results from the
experiment course show that levels of semantization,
synergy, and symbiosis are significantly increased.
Multi-disciplinary, inter-disciplinary, and trans-disciplinary effort helps create new scientific values, and
students enjoy trans-disciplinarity.
Key words: Multidisciplinary course, interdisciplinary course, transdisciplinary course, wireless sensor network, health care
1. Introduction
This paper presents the results of a trial course
carried out to examine issues related to multi-, inter-, and trans-disciplinarity. All tests of the trial
course were developed to examine effects such as
semantics, synergy, symbiosis, and satisfaction.
Graduate students were collected from three different majors, put together into the same classVolume 6 / Number 4 / 2011

room, and exposed selectively to the same set of
materials (as explained in the rest of the paper).
In order to maximize the value of the experiment, related approaches were also studied. The
examples include the following courses: “Managing the New Product Development Process: Design
Theory and Methods” at the University of California, Berkeley (Hey, et al. 2006), a post-professional
diploma course in occupational health and safety
at McMaster University in Canada (Verma, et al.
1988), and a course on embedded systems design
at School of Engineering, James Cook University
(Maskell and Grabau, 1998). These courses are
based around project-based learning (Hey, et al.
2006) and problem-based approaches (Verma, et al.
1988). While these approaches represent a powerful learning paradigm, especially when multidisciplinarity and cooperation are one of the goals, they
are not best suited for transferring a broad theoretical basis (for engineering students) on one hand,
and providing a basic insight into a matter which is
outside of the main scope of studies (management
and medical students).
Therefore, this course was organized as a combination of traditional, didactic based course,
aimed at establishing a solid foundation, followed
by a large multidisciplinary project, aimed at
deepening the understanding of the matter and developing interdisciplinary communication skills.
The students from three different fields are together introduced to a topic, with variations to fit
specific needs and interests of each field. Finally,
the course impacts go beyond product development, into providing a deeper insight into the technology to the users (medical students).
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The course is intended as a graduate level course.
From the engineering field, the course primarily targets computer engineering students with solid
knowledge of programming and networking and
basic understanding of electronics. The course aims
to present them with sufficient knowledge and understanding of the theory and current market technology, from the perspective of industrial product
development. Students of management and business
administration should gain a basic knowledge of
wireless sensor networks (WSN), in order to implement it in developing business and marketing strategies, with the aim to provide general acceptance of
WSN technologies. Medical students are only given
high level overview of the technology, in order to enable them to generate ideas and support the product
development more effectively, as well as to prepare
them for using this technology in practice.
The rest of the paper is organized as follows. Next
section describes course structure. The following
section presents results of a trial offer. Section four
gives summary of major contributions, target audiences, and future plans, with lessons learned.
2. Course Structure
The course structure includes seven topics related to WSN. The specific coverage of the course
is organized by weeks: two weeks per topic, where
each topic is organized in credit-oriented layers all three layers for the three-credit version of the
course, the first two layers for two credits, and
only the first layer for the one-credit version of the
course. The course is, in its three-credit version,
suitable for electrical and computer engineering
graduate students, in its two-credit version suitable also for graduate students of management
and business administration, and in its one-credit
version suitable for graduate students of medicine.
The structure of each topic is given in the following text.
2.1 Topic No1: WSN Basics and Applications
This topic introduces students to some of the
basic terms related to WSN, including: sensors
and sensor types, wireless sensor nodes and their
978

functions, gateways and ad hoc networks in general, as well as the basic ideas lying behind the
WSN, and issues related to networking. The first
and the second layer introduce students to potential uses of WSN technologies in different aspects
of everyday life (medicine, home automation, interactive surroundings, surveillance, automobile
traffic, business management, industrial machine
building, agricultural, and environmental applications) (Goldsmith and Wicker, 2002, Hu and Cao,
2010). The third layer additionally introduces students to the issues regarding MAC layer (Hu and
Cao, 2010), and routing protocols (Akkaya and
Younis, 2005) in WSN systems.
This part of the course is created to enable
students to develop a basic understanding about
the possibilities, potentials, and limitations
of the WSN technology, and its applications,
which could be expected to influence the future
society.
2.2 Topic No2: Sensor node overview
This topic introduces the students to sensor
nodes, as the basic building blocks of WSN. The
first-layer provides an insight into purpose, typical size, weight, battery autonomy, and other issues important to end-users (Edgar and Callaway,
2003). It presents several sensor nodes, such as:
MicaZ nodes, Shimmer nodes, and SunSPOT
nodes.
The second layer gives an additional insight
into the hardware and software costs of individual
nodes, entire networks, complexity and costs related to operating and maintaining nodes and networks including costs of training individuals to
use these systems (Brent, 2006). It discuses node
metrics (Hill, 1993) related to flexibility and security.
The third layer gives an in-depth technical insight into the architecture and hardware issues related to WSN nodes, including generalized node
architecture presentation (Cordeiro and Agrawal,
2006), with a discussion of individual subsystems
and requirements. This layer discusses individual
node metrics (Li, 2008) that were not covered in
the second level (power, communication, computation, and time synchronization).
Volume 6 / Number 4 / 2011
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2.3 Topic No3: Medical Sensor Applications
This topic introduces the students to some of
the basic vital parameters whose monitoring employs sensor technology and can efficiently be
covered by WSN systems (electrocardiography,
electroencephalography, electromyography, blood
pressure, pulse oximetry, and glucose monitoring). Consequently, it gives an overview of current
monitoring devices for these parameters. The first
layer students (medical students) should already
be acquainted with the subject, so this section of
the course is designed to refresh knowledge and to
add a new angle to the approach to these students.
The second layer introduces students to issues
regarding healthcare costs and some wide-spread
diseases (hypertension, heart attack, stroke, vertebral problems, and diabetes mellitus), whose treatment can be effected by the introduction of WSN
systems, including economic aspects of treatments
of these diseases. The third layer provides an insight into the technical details of vital parameter
monitoring (Stankovic, 2009).
2.4 Topic No4: WSN Applications in Medical
Prevention and Medicine
This topic introduces students to wireless sensor applications related to medical prevention and
medicine as a new approach and a new concept of
health management. The first layer introduces students to advantages of WSN systems in the health
domain, such as: portability, unobtrusiveness, ease
of deployment, scalability, real-time and alwayson, and reconfiguration and self-organization
(Virone, et al. 2006). It presents an overview of
the current applications of WSN systems targeting healthcare and health monitoring (Khan, et al.
2009).
The second layer introduces students to the
process of the new (technological) product acceptance by its users (Davis, 1986). It provides basic
understanding of customer’s purchase decision
making and categories of product adopters (Mohr,
et al. 2009), as of techniques for communicating
functionalities and advantages of WSN in health
domain to the potential users (Northouse and
Northouse, 1997).
Volume 6 / Number 4 / 2011

The third layer contains an in-depth examples
of discussion on system architectures for WSN
system related to health monitoring (Virone, et al.
2006, Otto, et al. 2006). It also revises the case
studies from the first layer of the topic to a more
technical perspective.
2.5. Topic No5: Advanced issues in WSN
systems Related to the Medical Domain
This topic covers a number of issues that
should be noted when designing and using WSN
systems which directly interact with humans. The
first layer provides an understanding of possible
impacts when WSN is used with several different categories of people: (1) patients (home-care
and hospitalized), as the most important category according to this course; (2) employees, as a
very wide category, including the effects of WSN
in working environments; (3) athletes, as a very
specific category, including the possible effects
on their training routines. This part of the course
outlines some considerations regarding invasive
health monitoring devices, related to preoperative, intraoperative, and postoperative complications. In this light, a part of the lesson is devoted
to discussion of possible materials suitable for designing devices that interact with the human body,
as of regulatory requirements that need to be met
(Khan, et al. 2009) when designing, marketing
and implanting these devices.
The second layer introduces students to basic
criteria for segmentation and targeting potential
users of WSN systems. The example shows the
key characteristics of basic WSN users segments
(patients, employees and athletes), as well as marketing and communication strategies for introducing WSN systems to these categories of people.
The third-layer consists of issues related to
security in medically oriented WSN systems, because both, the collected data and the process of
data collection, are vital for the success of WSN.
It gives an overview of general security issues
(Walters, et al. 2006) and solutions, as recommendations for complementary reading on cryptology
and information security (Walters, et al. 2006).
More emphasis is put on security in body area networks, with the specific challenges and discussion
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of several recently proposed solutions (Mana, et
al. 2011; Saleem et al. 2009). Here students learn
about the problems of localization in WSN systems (Mao, et al. 2007). Finally, the lessons provide discussions of strengths, weaknesses, and
current limitations of different techniques.
2.6 Topic No6: Special Issues
This far, the course has followed a simple pattern: out of three layers, the first one was the most
general and was intended for all medical, management, and engineering students; the second layer
was intended for management and engineering
students; the third layer was only for the engineers.
Thus engineering students would have listened to
all three layers. For most multidisciplinary subjects, this makes a very good structure. However,
certain topics are of interest only to a single group
of students. Therefore, this part of the course is
held separately for each of the three groups.
The medical students listen only the first layer,
where they should get introduction to the fundamentals of telemedicine, including different types
of programs and services provided to patients and
good practices regarding remote healthcare (Esser
and Goossens, 2009; Wootton, et al. 1999).
The management students listen to the second layer only, where they get introduction to the
fundamentals of multidisciplinary (WSN-related)
business plan (Rogoff, 2003; Barringer, 2008).
The first part is indented to refresh knowledge of
the structure, content and the form of the business
plan as a tool for making a good business credible,
understandable, and attractive to someone who is
unfamiliar with the business (Barringer, 2008).
The second part is oriented towards the areas of
business plan applications, with an emphasis on
the plans whose goals are related to investing in
research, development and sales improvement of
WSN products (Barringer, 2008).
The engineering students listen only to the third
layer, where they learn about fundamentals of
software design for WSN. This layer presents an
overview of key characteristics and classification
framework for WSN operating systems platforms
(Reddy, et al.2003). It outlines and compares several wide-spread platforms, including TinyOS, Conti980

ki, Sensor Operating System (SOS), and SunSPOT
Squawk VM. The part of the course related to TinyOS includes introduction to TinyOS componentbased structure (modules and interfaces), execution
model (tasks, concurrency, and allocation), wiring
(configurations parameterized and generic configurations), and good programming practices and
pitfalls (Crnjin, 2009). Regarding the SunSPOT
nodes, as most of the programming takes place in
Java (students are expected to be acquainted with
it), the part of the course related to programming
SunSPOT nodes includes the examples of design
cycle of a relatively simple application.
2.7 Topic No7: Internet of Things
The final topic is devoted to the Internet of Things
(sometimes referred to as the Future Internet) (Wang,
et al. 2008). This WSN based technology is expected
to influence society perhaps as much as the introduction of the original Internet. Having a sense of how
the future Internet will look and function should give
the students a look-ahead, useful in professional as
well as private domains.
The first layer provides an overview of what
the Internet of Things will look like, its capabilities and its impacts on society. The second layer
acquaints students to an additional insight into
the general architecture of the currently proposed
solutions for the Internet of Things. This insight
should be sufficient to generate ideas regarding
services and business models related to this technology. The third layer of the course starts with an
explanation of the basic concepts related to WSN
middleware. Four major components should be defined: programming abstractions, system services,
runtime support, and quality of services mechanisms (Hadim and Mohamed, 2006), including an
overview of the existing middleware approaches
(presented as case studies): modular programming (Impala), and message oriented middleware
(Mirel). It introduces students to WSN interoperability frameworks, several types of integration
frameworks, through examples including Server
client architectures: SenseWeb (Chatzigiannakis,
et al. 2005), IrisNet (Shneidman, et al. 2004) and
Peer-to-Peer: HourGlass (Spieß, 2005), Cobis
(Chatzigiannakis, et al. 2007).
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3. Lessons Learned from the Experimental
Offering of the Course
3.1. Testing
One of the major challenges, evaluating multidisciplinary courses with collaborative components,
is how to appropriately asses the course effects on
individual and group level (Strijbos and Fischer,
2007). Approach used was based on separating the
two measuring perspectives, qualitative, focused on
collaboration in practice and quantitative, based on
statistical testing (Arvaja, et al. 2007). To this end,
several tests were conducted with students. One
set of questions was given at the beginning of the
course and another one at the end.
Four groups of questions were presented to
test semantization (the individual level of knowledge), synergy (group level knowledge), symbiosis (measure of how prepared a student is for
working with people from other professions), and
satisfaction (student’s personal perspective on the
structure and organization of the course).
The testing was conducted with over 40 from a
total of 218 graduate students (pending an extended
experiment with 100 trainees). 16 students were females, and 24 males. The course was attended by
approximately 30% of students in each area.
Taking into regard the ratio of the number of
students in the sample and the total number of
students, the ratio of the number of females and
males in the sample, as representation of students
from all three areas, the sample can be considered
representative.

Table 1. Results of Semantization Level Testing
Before the Trial Course
Before / after the course
Questions
(% out of 100%) Average Eng Mng Med
score
Engineering
25/85
80/90 20/95 10/75
students
Medical students 20/75
5/55 10/80 80/90
Management
10/75
5/60 10/70 80/90
students

Legend: Eng: questions related primarily to the engineering
matter in the course. Mng: questions related primarily to the
management matter in the course. Med: questions related
primarily to the medical matter in the course

3.1.2 Synergy
These questions were designed to test how students from the three groups can work together to
solve problems. For this part of the test, students
were divided into 10 groups of 4 students, each
group containing at least one student from each of
the three profiles. Each group was given a complex problem to solve, including a medical issue
to be addressed, engineering behind the solution,
and business strategy.
Due to time constraints of 35 minutes (Zikic
and Radenkovic, 1997), only the basic concepts of
the solution were expected. In order to ensure the
validity of the tests, students were paired differently before and after the course. The results were
not affected by the fact that in some groups were
more members from a particular area (Table 2)
Table 2. Results of Synergy Level Testing
Project score (1-10)

3.1.1. Semantization
Semantization level testing was done in a form
of a number of multiple-choice questions, related
to all three aspects of the course (medical, management, and engineering). These questions were
designed to evaluate the advancement in knowledge and understanding, both in the students’ native field, as well as in the fields native to the other
groups of students. The results of the enclosed table indicate that students had little a priori knowledge about each other’s majors, but were able to
learn fast (Table 1).
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Before the course
After the course

Average
Eng Mng Med
score
5
5
5
5
8
9
7
8

Legend: Eng: project score from the engineering standpoint.
Mng: project score from the management standpoint. Med:
project score from the medical standpoint.

3.1.3. Symbiosis
These questions were designed to evaluate students’ ability to gain appropriate feedback from the
students of other profiles. A short scenario was presented to the students. Students were than expected
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to come up with three questions for specialists from
the other fields. A multidisciplinary committee assessed these questions for clarity, precision and
value of the information included. (Table 3)
Table 3. Results of symbiosis level testing
Project score (1-10)
Before the course
After the course

Average
Eng
score
1.3
2
3.6
5

Mng Med
1
4

1
2

Legend: Eng: project score from the engineering standpoint.
Mng: project score from the management standpoint. Med:
project score from the medical standpoint

3.1.4. Satisfaction
These questions were compiled to assess satisfaction with teaching (e.g. quality of teaching,
gained knowledge and skills, etc.), and satisfaction with the structure of objects and other nonteaching factors (e.g., multi-disciplinary structure
of the students) (Table 4).
4. Conclusion
This paper describes the essence of a new
course, which brings together students of three

different majors, and tries to teach them in a way
which maximizes the effects like: semantics, synergy, symbiosis, and satisfaction. The paper also
presents the mechanisms used to evaluate the success of the educational mission.
It was reconfirmed that multi-disciplinary, inter-disciplinary, and trans-disciplinary effort helps
create new scientific values (some good research
ideas were created), and it was also reconfirmed
that students enjoy trans-disciplinarity (when algorithms, procedures, and thinking philosophies
were ported from one field to the other).
According to Tables 1 to 3 relative increases
of test results can be calculated. Semantization
level increased by 388,3 percent. Synergy level increased by 60 percent. Symbiosis level increased
by 176,9 percent. Therefore, it can be noted that
the course had a greater impact on the student’s
level of knowledge from the personal perspective,
than form the group perspective. Interestingly,
these results are not in accordance with the student’s subjective assessment (given through the
satisfaction level testing), where the multidisciplinary nature and impacts of the course were given a higher mark than the filed-specific knowledge
gained from the course.
This experiment is of interest for those interested in multi-disciplinary, inter-disciplinary, and

Table 4. Results of satisfaction with course content
Statements \ marks
Concepts I learned from this course will be useful to me later on.
Experience of working with people from other specialties during this course
will be useful to me later on, if and when I work on WSN in healthcare.
Experience of working with people from other specialties during this course
will be useful to me later on if and when I find myself working in any
multidisciplinary field.
Multidisciplinary nature of the course had a positive impact on my learning
Multidisciplinary nature of the student group had a positive impact on my
learning
Introduction of aspects regarding technology applications in a broader sense had
a positive impact on my learning
I understand basic principles of WSN and how they may be of use to me
I am capable to participate in development of WSN technology for healthcare
I am capable to participate in marketing, deployment and use of WSN
technology for healthcare
I have an insight into principles of WSN in healthcare, so that I may use them in
other areas as well

1
2

2
4

3
13

4
12

5
9

2

5

11

14

8

3

4

16

10

7

0

5

14

10

11

1

4

9

10

16

3

6

15

9

7

0
5

6
10

16
13

12
9

6
3

4

12

11

8

5

3

5

15

10

7

Legend: Numbers in the table represent the number of students that have given the according mark
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trans-disciplinary education, and for those interested in methods to maximize the effects of semantization, synergy, symbiosis, and satisfaction
among students of various majors.
Note
The entire environment and all processes related to this course have been defined using CMMI,
and if the EIC and/or reviewers find it appropriate,
CMMI definition can be added to the paper, as an
appendix (at the end of the paper, or on the web).
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Evolution of management
accounting: A research note in
Bosnia and Herzegovina
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Abstract
This research note describes an operationalization of IFAC’s conception of the evolution of
management accounting to survey the stage of
evolution of the management accounting practices
in Bosnia and Herzegovina. The model is intrinsically interesting and has the potential for replication in other contexts and in comparative crossnational, inter-industry or longitudinal studies.
This research note should indicate that management accounting in Bosnia and Herzegovina is
at the beginning of evolution. Because of that, it is
necessary to put additional effort not only to advocate management accounting practices by academics, textbooks and professional institutes but
also to apply them in BH organizations in order
to fit in to global streams or at least to step up to
neighboring countries.
Implementation of mentioned concepts should
help BH companies to produce reliable and relevant information for quality decision making and
provide better management of scarce resources,
especially in global recession context. It will be
also very helpful for it’s entry into the developed
EU market.
Key words: International Federation of Accountants (IFAC), Management Accounting,
Management Accounting Practices (MAPs), Evolution of Management Accounting
1. Introduction
In 1989 the International Federation of Accountants (IFAC) issued a statement summarizing its understanding of the scope and purposes of management accounting and the concepts which underpin
Volume 6 / Number 4 / 2011

it. The statement was revised and released in 1998
as Management Accounting Concepts – Number 1
in the series of International Management Accounting Practice Statements. Through its members (the
national accountancy bodies of all major economies) IFAC represents “2.5 million accountants employed in public practice, industry and commerce,
government, and academe” (IFAC, 2005), and the
‘flagship’ statement in its management accounting
series therefore merits attention. Statement 1 does
not explicitly identify a central purpose but comprises an introduction and the following sections:
Evolution and Change in Management Accounting (paras 7–20); Management Accounting and the
Management Process (paras 21–36); The Conceptual Framework (paras 37–72); and Using the Conceptual Framework (paras 73–77). The Conclusion
(paras 78–79) contends that the statement can be
used by managers “for understanding, evaluating
and developing,” by professional accountants in
management for “focusing, benchmarking and developing,” by educators “in refocusing and consolidating their efforts” and by professional associations “in reformulating and consolidating the work
technologies to be associated with management accounting now and in the future.” In this research
note we concentrate on the first section, entitled
Evolution and Change in Management Accounting.
Our purpose is to describe an operationalization of
IFAC’s conception of the evolution of management
accounting in Bosnia and Herzegovina. The paper
is guided by experience in developing and applying an IFAC-based model in order to examine the
stage of evolution of the management accounting
practices in B&H. The model is intrinsically interesting and has the potential for replication in other
contexts and in comparative cross-national, interindustry or longitudinal studies.
985

technics technologies education management

The main problem has been compounded by
identification of evolutionary stages with dates
in history. The four stages of evolution identified by IFAC (1998) are described below. It
should be pointed out that the stages are not mutually exclusive; each successive stage encompasses the concepts of the previous stage, and
incorporates additional ones that arose out of a
new set of conditions.
Stage 1 – Cost Determination and Financial
Control (pre – 1950)
IFAC describes management accounting before 1950 as “a technical activity necessary for the
pursuit of organizational objectives”. (Considering the fact that Management Accounting has not
been introduced as a discipline in B&H till the last
decade and that cultivates the tradition for many
centuries in developed western countries, where
only experienced real evolution, we decided to
follow IFACs model of Management’s Accounting Evolution supplemented by Abdel-Cadera and
Luther, in order to vividly demonstrate at which
phase of development is Management Accounting
in B&H in relation to the rest of the world.) The
first stage’s focus was mainly oriented toward the
determination of product cost. Production technology was relatively simple, labor and material costs
were easily identifiable and the manufacturing
processes were mainly governed by the speed of
manual operations. There was few innovation in
products or production processes as existing products were sold well and the production processes
were well understood. Accordingly, management
was concerned primarily with internal matters, especially production capacity. The use of budgeting
and cost accounting technologies was prevalent in
this period.
Stage 2 – Information for Management Planning and Control (by 1965)
In the stage two, in the 1950s and 1960s,
the focus of management accounting is seen to
have shifted to the provision of information for
planning and control purposes. It involved staff
support to line management through the use of
such technologies as decision analysis and responsibility accounting. Management controls
were oriented toward manufacturing and internal
986

administration rather than strategic and environmental considerations. Management accounting,
as part of a management control system, tended
to be reactive, identifying problems and actions
only when deviations from the business plan
took place.
Stage 3 – Reduction of Resources Waste in
Business Processes (by 1985)
The world recession in the 1970s following the oil price shock and the increased global
competition in the early 1980s threatened the
Western established markets. Increased competition was accompanied and underpinned by rapid
technological development, which affected many
aspects of the industrial sector. The use of robotics and computer-controlled processes improved
quality, reduced costs and changed the nature
and amount of data, which could be accessed by
managers.
Stage 4 - Creation of Value Through Effective
Resources Use (by 1995)
Stage four began in the 1990s with the development of the world-wide web and the associated
technologies which led to the appearance of Ecommerce. This further increased and emphasized
the challenge of global competition. The focus of
management accountants shifted to the generation
or creation of the value through the effective use
of resources.
A critical difference between Stage 2 and
Stages 3 and 4 is the change in focus away from
information provision and toward resource management, in the form of waste reduction (Stage 3)
and value creation (Stage 4). Since the scope and
role of the management accounting differ across
organizations, cultures and countries, our purpose
was to apply the IFAC framework to investigate
the sophistication level of management accounting in the BH industry.
To measure the sophistication level, it was necessary to extend IFAC’s four-stage management
accounting evolution framework. Although the
framework describes some broad characteristics
of each stage, it does not provide illustrations of
specific MAPs (Management Accounting Practices) related to particular stages of evolution. In
order to connect evolution stages to the specific
Volume 6 / Number 4 / 2011
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MAPs, Abdel-Kader and Luther1 summarized the
characteristics of each stage across the following
four main dimensions:
–– the approximate period in history with
which each stage is principally associated,
–– the typical organizational positioning, or
location, of management accounting at that
stage,
–– the principal role of management accounting,
and finally,
–– the main focus of management accounting’s
attention.
Table 1 shows their understanding of the characteristics of management accounting systems in
each stage of evolution. Armed with these characteristics and supported by colleagues, they used
their judgement to classify each of 38 MAPs into
a stage of the evolution. They inevitably made
some compromise which means that the positionings are not unambiguous and, in some cases, are
anachronistic.
Each successive stage encompasses the concepts of the previous stage, and incorporates additional ones that arose out of a new set of conditions.

Table 1. Characteristics of Management Accounting
Practices in Four Stages of Evolution2

1 Abdel-Kader M, Luther R. (2006): IFAC’s Conception
of the Evolution of Management Accounting: A research
note, Advances in Management Accounting (Volume
15): 236
2 Ibidem: 237
Volume 6 / Number 4 / 2011

Since the authors concluded that their approach
could be usefully applied in other nations, we conducted research to find out at which stage of evolution is management accounting practice in Bosnia and Herzegovina. Our questionnaire revealed
respondents’ opinions on the perceived value of
both traditional and ‘newer’ management accounting techniques and the extent to which they
are used in BH economy.
2. Research and results
2.1 Data
Our purpose in this research was to apply the
IFAC framework in order to determine the sophistication level of management accounting in
companies from B&H. Research for this paper
involved a sample of 39 companies. The research
was conducted through a questionnaire and answers were provided responsibility for accounting
and financial affairs. Questionnaire investigates
the opinions on the perceived value of both traditional and ‘newer’ management accounting techniques and the extent to which they are used.
Management accountants were asked to indi-

cate the frequency of the usage of 38 MAPs by
using a five point Likert-type scale (1 indicating
never and 5 indicating very often). Completed
questionnaires were received from 39 companies
from B&H. A limitation of the survey is that the
987
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questions may lack specificity, so in order to overcome this and to ensure consistency of responses,
each MAP was briefly explained. Respondents
were also asked to rate the importance of each
technique/practice using either ‘not important,’
‘moderately important’ or important.’
The 38 MAPs (which had been derived from
the literature) relate to costing systems, budgeting,
performance evaluation, information for decisionmaking, and strategic analysis.3
2.2 Sample structure
The structure of the analyzed sample by type of
the Company is presented as Figure 1.

Figure 1. Structure by type of the Company
The largest number of companies out of sample has the status of the Management Company
(57%), followed by Budget users (21%) and Public enterprises (16%). The smallest number of respondents are coming from banks and non-profit
organization (6%).
The structure of the analyzed sample according
to legal structure of the organization is presented
within Figure 2.
The largest number of companies out of sample
according to legal structure of the organization is a
limited liability company (51%), followed by joint
stock companies (15%) and public institutions
(8%). Within the structure of the sample, 26% are
companies with some other legal structure of the
organization.
3 Abdel-Kader M, Luther R. (2006): IFAC’s Conception
of the Evolution of Management Accounting: A research
note, Advances in Management Accounting (Volume
15): 235
988

Figure 2. Legal structure of the organization
The structure of the analyzed sample according
to the size by number of employees is presented
as Figure 3.

Figure 3. Structure by the size according to number of employees
54% companies from sample have 50 employees or less. 15% companies from sample have 51
to 100 employees. 28% companies from sample
have 101 to 500 employees. There is only one
Company with more than 1.000 employees.
2.3 Results
The internal consistency of MAPs included in
each stage was confirmed by Cronbachs’ alpha
tests4 applied to data from research (table 2.).
4

Cronbach's alpha is a test for a model or survey's internal
consistency. It is called a 'scale reliability coefficient'
sometimes. Cronbach's alpha assesses the reliability of
a rating summarizing a group of test or survey answers
which measure some underlying factor (e.g., some
attribute of the test-taker). A score is computed from each
test item and the overall rating, called a 'scale' is defined
by the sum of these scores over all the test items. Then
reliability is defined to be the square of the correlation
between the measured scale and the underlying factor
Volume 6 / Number 4 / 2011
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Table 2. Results for Cronbachs’ alpha tests
Stage
Stage 1. Cost determination and
financial control (CDFC)
Stage 2. Provision of information for
management planning and control (IPC)
Stage 3. Reduction of waste in business
resources (RWR)
Stage 4. Creation of value creation
through effective use of resources (CV)

Cronbachs’
alpha
0.84
0.91
0.86
0.95

0.70 value of Cronbachs’ alpha is the cutoff
value for being acceptable, and this condition is
satisfied for each stage.
Within tables 3., 4., 5. and 6., there are presented descriptive statistics of importance and usage
and a new statistic emphasis5 of management accounting practices in the sample from B&H according to the classification into four stage of the
evolution.
There are two MAPs (Using a plant-wide overhead rate and Budgeting for controlling costs)
with mean emphasis values higher than 9. MAP
with lowest mean emphasis value (4.18) is Flexible budgeting.
There is only one MAP (Budgeting for planning) with mean emphasis values higher than 9.
MAP with lowest mean emphasis (4.66) value is
Evaluation of major capital investments based on
discounted cash flow method(s).
Highest mean emphasis value in this stage is
only 6.71 for Cost of quality. MAP with lowest
mean emphasis value (3.76) is Evaluating the
risk of major capital investment projects by using
probability analysis or computer simulation.
Highest mean emphasis value in this stage is
8.11 for Customer profitability analysis. MAP
with lowest mean emphasis (3.89) value is For the
evaluation of major capital investments, nonfinancial aspects are documented and reported.
The next step of our analysis was the compilation of two lists with all 38 practices ranked by
perceived importance and usage (table 7).
the scale was supposed to measure (http://economics.
about.com/cs/economicsglossary/g/cronbachalpha.htm,
access: 28.03.2010.)
5 The emphasis = (usage · importance) for each company
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It can be seen that the mean values for practices in
categories CDFC and IPC are noticeably higher than
those for less traditional categories RWR and CV.
Now we are able to identify those practices,
which are placed significantly different. On the
assumption that, over time, the ranking of usage
will, in many cases, move toward the ranking of
importance, our interpretation is that practices
ranked markedly higher in terms of importance
than usage are likely to become more widespread
and vice versa.6 First, we re-calculated the importance on scale of 1-5 and then calculated the difference between average importance and usage.7
Where the difference was less than 0.5 we predict
for these MAP to be phased out and if the difference 1 or more of such MAP would be rapidly
adopted. On this basis we made the predictions
shown in Table 8.
3. Conclusion
The ultimate aim of our research was to attain
the summary assessment of the state of evolution
of a BH’s management accounting. Before we deduce the conclusions which are not very optimistic, it is necessary to mention which legal, institutional and financial difficulties follow the development of the Management Accounting in B&H.
Namely, there are no any legal prescriptions by
which is the Management Accounting separated
as a discipline, nor any company has legal obligation to possess such type of human resources.
Hence, this discipline is neglected both in theory
and in practice in B&H for many years. Only 7
years ago, according to USAID tutorial, as part
of post-war reform process, it was introduced the
subject of Managerial Accounting in the higher
education institutions of Bosnia and Herzegovina.
Since then, only few things were committed in order to start the application MAPs in our practice.
It is sufficient to mention that there is no institution that would educate and certify managerial accountants, as it is done everywhere in the world.
6 Abdel-Kader M, Luther R. (2006): IFAC’s Conception
of the Evolution of Management Accounting: A research
note, Advances in Management Accounting (Volume
15): 241
7 Apendix 1.
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Table 3. Descriptive Statistics of MAP in B&H - Stage 1. Cost determination and financial control
(CDFC)

Usage8

Importance9

Emphasis10

39

N

3.41

3.56

Mean

1.29

1.55

1.35

35.81

51.00

45.49

37.97

38

38

38

38

N

2.13

2.37

2.03

2.50

2.39

Mean

0.81

0.63

0.72

0.73

0.72

38.05

26.74

35.34

29.04

29.99

38

38

38

38

38

N

6.16

8.34

5.74

9.18

9.29

Mean

4.45

4.25

4.18

5.47

5.03

72.18

50.96

72.91

59.58

54.20

Standard Coefficient
deviation of variation

39
2.54

1.20

38

Standard Coefficient of
deviation
variation

39

3.36

51.44

Standard Coefficient
deviation of variation

39

1.33

Management
Accounting
Practices

Performance
evaluation
based on
financial
measures

2.59
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Using a
plant-wide
overhead
rate
Budgeting
for
controlling
costs
Flexible
budgeting

Evaluation
of major
capital
investments
based on
39
payback
period
and/or
accounting
rate of return

8 Based on 5-point scale (1 - never, 2 - rarely, 3 - sometimes, 4 - often, 5 - very often).
9 Based on 3-point scale (1 - not important, 2 - moderately important, 3 - important).
10		The means of the emphasis (usage · importance) for each firm – not the product of the mean usage and the mean
importance.
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Table 4. Descriptive Statistics of MAP in B&H - Stage 2. Provision of information for management
planning and control (IPC)
Using departmental
overhead rates

A separation is made
between variable/
incremental costs and
fixed/non-incremental
costs

38

38

38

38

37

36

39

N

2.54

2.74

3.05

2.71

3.63

2.35

3.00

2.79

Mean

1.64

1.37

1.41

1.41

1.49

1.17

1.34

1.51

1.36

Standard
deviation

52.16

54.61

54.11

51.45

46.29

54.86

32.28

56.90

50.40

48.69

Coefficient
of variation

38

38

38

37

38

38

38

38

37

37

38

N

2.18

1.82

2.11

2.29

2.11

2.24

2.26

2.05

2.37

1.89

2.24

2.16

Mean

0.72

0.73

0.83

0.90

0.81

0.75

0.76

0.77

0.67

0.81

0.83

0.75

Standard
deviation

33.07

40.20

39.49

39.21

38.38

33.57

33.58

37.48

28.49

42.77

37.01

34.96

Coefficient
of variation

39

38

38

38

37

38

38

38

38

37

36

38

N

7.10

4.66

6.63

8.08

6.14

6.84

7.66

6.63

9.21

5.19

7.58

6.63

Mean

4.45

3.55

5.05

5.63

4.53

4.87

5.07

5.03

4.47

4.33

5.24

4.57

62.70

76.24

76.12

69.63

73.92

71.24

66.19

75.88

48.50

83.36

69.09

68.92

Emphasis

Performance evaluation
based on non-financial
measures related to
operations
39

3.00

1.44

54.49

39

Importance

Cost-volume-profit
analysis for major
products

39

2.76

1.23

43.26

Usage

Product profitability
analysis

38

2.26

1.30

Standard Coefficient
deviation of variation

Stock control models

39

3.00

Management
Accounting Practices

Evaluation of major
capital investments
based on discounted
cash flow method(s)

39

Using regression and/
or learning curve
techniques
Budgeting for planning
Budgeting with ‘what if
analysis’
Budgeting for longterm (strategic) plans

Long-range forecasting
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Table 5. Descriptive Statistics of MAP in B&H - Stage 3. Reduction of waste in business resources (RWR)
Cost of quality

Activity-based
budgeting

Activity-based
costing

39

39

39

39

N

2.77

2.46

2.64

2.41

2.00

Mean

1.03

1.33

1.43

1.44

1.29

1.15

Standard
deviation

59.88

55.06

47.92

58.09

54.59

53.61

57.35

Coefficient
of variation

37

38

38

38

38

38

38

N

1.95

1.79

2.21

1.95

2.18

1.89

1.79

Mean

0.85

0.74

0.74

0.87

0.83

0.73

0.70

Standard
deviation

43.58

41.41

33.52

44.59

38.16

38.39

39.32

Coefficient
of variation

38

38

38

38

38

38

38

N

4.63

3.76

6.66

5.53

6.71

5.21

4.00

Mean

4.14

3.05

4.50

4.67

5.03

4.01

3.42

Standard
deviation

89.29

81.13

67.65

84.53

74.94

77.05

85.62

Coefficient
of variation

Emphasis

Zero-based
budgeting

39

1.87

1.24

Importance

Performance
evaluation based
on non-financial
measure(s)
related to
employees

39

2.08

Usage

Evaluating
the risk of
major capital
investment
projects by
using probability
analysis or
computer
simulation

39

Management
Accounting
Practices

Performing
sensitivity ‘what
if’ analysis
when evaluating
major capital
investment
projects
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Table 6. Descriptive Statistics of MAP in B&H - Stage 4. Creation of value creation through effective
use of resources (CV)

Usage

Importance

Emphasis

Analysis of competitive
position

Industry analysis

Shareholder value analysis

Calculation and use of cost of
capital in discounting cash flow
for major capital investment
evaluation

For the evaluation of
major capital investments
nonfinancial aspects are
documented and reported

Customer profitability analysis

Benchmarking

Performance evaluation
based on residual income or
economic value added

Performance evaluation based
on non-financial measure(s)
related to customers

Target costing

39

39

39

39

39

38

38

37

38

38

37

N

2.79

2.72

2.77

2.92

2.41

2.03

2.00

3.00

2.57

2.11

2.79

2.62

Mean

1.40

1.49

1.59

1.56

1.60

1.46

1.22

1.09

1.49

1.41

1.16

1.56

1.46

52.87

60.08

53.47

58.45

56.47

54.59

60.74

60.45

54.52

49.62

54.73

54.98

56.01

55.68

39

39

38

39

39

39

39

39

38

38

37

38

38

37

N

2.41

2.00

2.13

2.13

2.21

2.18

2.00

1.69

1.68

2.42

2.14

1.82

2.34

2.16

Mean

0.79

0.76

0.81

0.83

0.86

0.79

0.76

0.69

0.66

0.79

0.75

0.73

0.75

0.83

32.58

38.04

38.05

39.13

39.18

36.27

38.04

41.02

39.30

32.75

35.19

40.20

31.82

38.56

39

39

38

39

39

39

39

39

38

38

37

38

38

37

N

7.90

5.46

6.87

6.74

7.15

7.33

5.59

4.05

3.89

8.11

6.27

4.39

7.29

6.57

Mean

5.30

4.75

5.16

5.30

5.46

5.36

4.72

3.76

3.36

5.29

4.79

3.75

5.24

4.97

67.12

86.99

75.17

78.52

76.26

73.06

84.38

92.87

86.26

65.27

76.45

85.23

71.95

75.67

Standard Coefficient
deviation of variation

Value chain analysis

38

2.33

1.55

Standard Coefficient
deviation of variation

Product life cycle analysis

39

2.92

Standard Coefficient
deviation of variation

The possibilities of integration
with suppliers’ and/or
customers’ value chains

39

Management
Accounting Practices

Analysis of competitors’
strengths and weaknesses
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Table 7. Mean values of Importance, Usage and Emphasis of MAPs
Stage

Usage
(scale 1-5)

Importance
(scale 1-3)

Emphasis
(scale 1-15)

3.09

2.28

7.74

2.82

2.14

6.86

2.32

1.97

5.21

2.57

2.09

6.26

Stage 1. Cost determination and financial
control (CDFC)
Stage 2. Provision of information for
management planning and control (IPC)
Stage 3. Reduction of waste in business
resources (RWR)
Stage 4. Creation of value creation through
effective use of resources (CV)

Table 8. Prediction of the Usage of MAP
Stage
CDFC

Practices That Will be Phased Out
Using a plant-wide overhead rate

IPC

Budgeting for planning

Practices That Will be Increasingly Adopted
Performance evaluation based on non-financial measures
related to operations

RWR

•
Cost of quality
•
Evaluating the risk of major capital investment projects
by using probability analysis or computer simulation
•
Performing sensitivity ‘what if’ analysis when
evaluating major capital investment projects

CV

•
The possibilities of integration with suppliers’ and/or
customers’ value chains
•
Customer profitability analysis
•
Analysis of competitors’ strengths and weaknesses
•
Performance evaluation based on non-financial
measure(s) related to customers

Thus the Bosnia-Herzegovina economy, without
adequate implementation of diverse and useful
management tool for the adoption of quality business decisions, is doomed to suffer the effects of a
global recession in a hard way.
A) Current condition
The conclusion we have made, based on our 39
entities sample, are as follows:
1. According to Table 1 we have ‘fleshed out’
and operationalized the IFAC framework
by classifying individual MAPs into
one of four developmental stages. By
multiplying scores of importance and
usage we derive a composite statistic of
‘emphasis’ on each practice. As an absolute
measure, the emphasis is not especially
994

meaningful. It does, however, provide
useful supplementary information, since for
a practice to score highly, it is necessary for
it to be both considered important and also
often used.
2. The highest mean emphasis values are given
to MAPs from stage 1. Cost determination
and financial control (CDFC), which means
that these MAPs are considered important
and also often used in B&H. There is only
one MAP (Budgeting for planning) with
mean emphasis value higher than 9 in Stage
2. Provision of information for management
planning and control (IPC). This is probably
the result of legal obligation for public sector
companies to make long-term plans. Highest
mean emphasis value in stage 3. Reduction
of waste in business resources (RWR) is
only 6.71 for Cost of quality. Highest mean
Volume 6 / Number 4 / 2011
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emphasis value in stage 4. Creation of value
through effective use of resources (CV) is
8.11 for Customer profitability analysis.
Other MAPs classified in these stages are
considered less important and used in B&H.
3. MAP with lowest mean emphasis values
are related to the evaluation of major capital
investments and these are the practices that
need to be particularly well documented
by researchers and understood by aspirant
practitioners. By identifying practices where
perceived importance is significantly higher
(or lower) than the present level of usage
in B&H, we suggest a basis for indicating
that accounting practices will become
increasingly used (Cost of quality, Evaluating
the risk of major capital investment projects
by using probability analysis or computer
simulation, Performing sensitivity ‘what
if’ analysis when evaluating major capital
investment projects, The possibilities of
integration with suppliers’ and/or customers’
value chains, Customer profitability
analysis, Analysis of competitors’ strengths
and weaknesses, Performance evaluation
based on non-financial measure(s) related
to customers) and those that will gradually
be phased out (Using a plant-wide overhead
rate, Budgeting for planning).
4. We can see that the simplest tools for
Management Accounting are used in Bosnia
and Herzegovina, which belong mostly to the
stage 1, and which means that Management
Accounting in B&H is at the beginning of
the evolution. It is reasonable because B&H
suffered war destruction and political crisis
which stopped development of economy and
blocked break of knowledge for a couple of
years. Today economic crisis only contributed
to already undeveloped BH economy.
5. Having in mind the fact that only little or
no MAPs from later phases of Management
Accounting Evolution is used, such as:
e.g. Performance evaluation based on nonfinancial measures related to operations,
Cost-volume-profit analysis for major
products (from stage 2); Activity-based
costing, Evaluating the risk of major capital
investment projects by using probability
Volume 6 / Number 4 / 2011

analysis or computer simulation, Performing
sensitivity ‘what if’ analysis when evaluating
major capital investment projects (from
stage 3); Performance evaluation based on
residual income or economic value added,
Value chain analysis, Product life cycle
analysis (from stage 4); and that it’s usage
would assist in overcoming the financial
crisis, it is realistic to expect that a global
recession have a greater and longer lasting
effects in Bosnia and Herzegovina than in
countries that use their benefits liberally.
B) Improvements
1. BH authorities should introduce Management Accounting as a separated discipline in
legal prescriptions, concerning accounting
and auditing issues. A new institution for
managerial accountants education and
certification should be established, as it is
done everywhere in the world.
2. It is necessary to put additional effort not
only to advocate management accounting
practices by academics, textbooks and
professional institutes, but also to apply
them in BH organizations in order to fit in
to global streams or at least to step up to
neighboring countries.
3. Managers in the entities/companies are
only partially familiar with the management
accounting practices. Opportunites and
possibilities that MAPs can have, and their
influence, are not sufficiently comprehended
by most relevant actors in B&H.
4. To improve usage and importance of MAPs
in B&H we should have more seminars
dedicated to the subject, offering more
practical guidelines, produce adequate
manuals featuring practical examples and
appropriate commentary/explanation.
5. Implementation
of
Management
Accounting, not only in theory but also
in practice, should help BH companies to
produce reliable and relevant information
for quality decision making and provide
better management of scarce resources,
especially in global recession context.
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6. To compete successfully in today’s environment companies are forced to make
customer satisfaction an overriding priority,
to adopt new management approaches,
to change their manufacturing systems
and to invest in Management Accounting
Techniques (MATs). This is the only way for
BH companies to enter into the developed
EU market.
References
1. Abdel-Kader, M, Luther R. (2006): IFAC’s Conception of the Evolution of Management Accounting: A research note, Advances in Management
Accounting (Volume 15): 229-247
2. Abdel-Kader, M., Luther, R. (2006): Management
accounting practices in the UK food and drinks
industry, CIMA (Chartered Institute of Management Accountants).
3. Basic, M., Popic I., Kaplan – Isakovic S. and Resic
E. (2005): Cost Accounting, Sarajevo: Faculty of
Economics
4. Fullerton, R., McWatters, C. (2002): The role of
performance measures and incentive systems in
relations to the degree of JIT implementation, Accounting Organizations and Society, (Volume 27),
711–735

9. Ittner, C., Larcker, D. (2002): Empirical managerial accounting research: Are we just describing
management accounting practice?, The European
Accounting Review (Volume 11): 787–794.
10. International Federation of Accountants (IFAC),
(1998): International management accounting
practice statement: Management accounting concepts, New York, IFAC
11. Kaplan, R. (1984): The evolution of management
accounting, The Accounting Review, (Volume 2),
390–396.
12. Kaplan, R., Atkinson, A. (1998): Advanced management accounting, Third Edition, New Jersey:
Prentice-Hall.
13. Luther, R., Longden, S. (2001): Management
accounting in companies adapting to structural
change and volatility in transition economies:
A South African study, Management Accounting
Research, (Volume12): 299–320.
Corresponding author
Meliha Basic,
University of Sarajevo,
Faculty of Economics and Business Sarajevo,
Bosnia and Herzegovina,
E-mail: benina.veledar@efsa.unsa.ba

5. Haldma, T., Laats, K. (2002): Contingencies influencing the management accounting practices of
Estonian manufacturing companies, Management
Accounting Research, (Volume 13), 379–400
6. Hoque, Z., & Mia, L. (2001). Market competition,
computer-aided manufacturing and use of multiple
performance measures: An empirical study, British
Accounting Review, (Volume 33), 23–45
7. Hongren, H., Datar, S., Foster G., Rajan M. And
Ittner C. (2009): Cost Accounting – A managerial
emphasis, Thirteenth Edition, New Jersey, Pearson
Prentice Hall
8. Ittner, C., Larcker, D. (2001): Assessing empirical
research in managerial accounting: A value-based
management perspective, Journal of Accounting
and Economics, (Volume 32): 349–410

996

Volume 6 / Number 4 / 2011

technics technologies education management

Appendix 1. Re-calculation
MPA
Using a plant-wide overhead rate
Performance evaluation based on financial measures
Budgeting for controlling costs
Flexible budgeting
Evaluation of major capital investments based on payback
period and/or accounting rate of return
CDFC
Budgeting for planning
Long-range forecasting
Budgeting with ‘what if analysis’
Budgeting for long-term (strategic) plans
Using departmental overhead rates
Stock control models
Evaluation of major capital investments based on
discounted cash flow method(s)
A separation is made between variable/incremental costs
and fixed/non-incremental costs
Using regression and/or learning curve techniques
Product profitability analysis
Cost-volume-profit analysis for major products
Performance evaluation based on non-financial measures
related to operations
IPC
Activity-based budgeting
Zero-based budgeting
Performance evaluation based on non-financial measure(s)
related to employees
Activity-based costing
Cost of quality
Evaluating the risk of major capital investment projects by
using probability analysis or computer simulation
Performing sensitivity ‘what if’ analysis when evaluating
major capital investment projects
RWR
Industry analysis
Product life cycle analysis
Calculation and use of cost of capital in discounting cash
flow for major capital investment evaluation
For the evaluation of major capital investments.
nonfinancial aspects are documented and reported
Value chain analysis
Analysis of competitive position
Performance evaluation based on residual income or
economic value added
Shareholder value analysis
Target costing
Benchmarking
The possibilities of integration with suppliers’ and/or
customers’ value chains
Customer profitability analysis
Analysis of competitors’ strengths and weaknesses
Performance evaluation based on non-financial measure(s)
related to customers
CV
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3.56
3.36
3.41
2.54

2.39
2.50
2.03
2.37

3.99
3.95
4.17
3.38

Importanceusage
(scale 1-5)
0.43
0.59
0.76
0.84

2.59

2.13

3.55

0.96

3.09
3.63
3.00
2.71
3.05
3.00
2.76

2.28
2.16
2.24
1.89
2.37
2.05
2.26

3.81
3.95
3.63
3.42
3.77
3.74
3.51

0.71
0.32
0.63
0.71
0.72
0.74
0.75

2.26

2.24

3.03

0.77

2.79

2.11

3.60

0.80

2.35
3.00
2.54

2.29
2.11
1.82

3.15
3.82
3.51

0.80
0.82
0.98

2.74

2.18

3.73

1.00

2.82
2.41
2.46

2.14
1.79
1.89

3.57
3.16
3.25

0.75
0.75
0.78

2.77

2.18

3.68

0.91

2.00
2.64

1.95
2.21

2.98
3.64

0.98
1.00

1.87

1.79

2.98

1.11

2.08

1.95

3.24

1.17

2.32
2.92
2.79

1.97
2.16
2.34

3.28
3.63
3.55

0.96
0.71
0.76

2.03

1.82

2.82

0.79

2.00

2.14

2.81

0.81

2.72
2.77

2.42
1.68

3.55
3.68

0.83
0.91

2.11

1.69

3.03

0.92

2.41
2.62
2.57

2.00
2.18
2.21

3.33
3.60
3.56

0.92
0.98
0.99

2.33

2.13

3.33

1.00

3.00
2.92

2.13
2.00

4.04
4.02

1.04
1.09

2.79

2.41

3.90

1.11

2.57

2.09

3.49

0.92

Usage Importance Importance (scale 1-5) =
(1-5)
(1-3)
Importance (1-3)/3*5
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Abstract
The paper aims to show the modified model
for building an information system for vehicle
tracking. The introductory part gives an overview
of the need to introduce such a system. Although
the system of monitoring is not new in modern IT
practices, insisting on the integration of all known
digital technologies, as well as the mathematical
model of higher accuracy of the budget contributes to the improvement of the existing views of
systems for vehicle tracking.
The paper, further on, describes a prototype system. It was noted that a system that uses the search
based on three or more sensors, can perform this by
applying mobile technology or GPS satellite positioning. You can use these technologies separately,
but their combination leads to mutual adjustments
and to positioning of greater precision.
The mathematical model is an essential detail
because the work of the entire system is based on
it. The program code, itself, uses this model. The
GPS component of the system is programmed
and integrated into one system. The program code
shows that the entire system is built on objectoriented basis, i.e. the most modern tendencies of
programming are being respected here.
Key words: transportation, model, GPS, tracking, sensor.
1. Introduction
Information systems for monitoring include systems for efficient collection of information for vehicle users, passengers or an organization that aims
to continuously monitor the position of the vehicle.
998

Travelling in a freight vehicle can sometimes be
uncomfortable, especially in the circumstances of
long-distance travelling and when the load which
is the subject of transport, must be treated carefully. In addition to monotony of travelling, other
unforseen circumstances, which may adversely
affect the safety of travel and transportation,must
be taken into further consideration when transport
of hazardous materials is in question. Road maps
give a simplified information on roads in the region , but provide little information about the geographical, historical and other important elements
for the safe transportation of hazardous materials
through the region.
The driver and the escort can find themselves
in an unfamiliar place without knowing where it
would be possible for them to make a safe break in
a restaurant, to spend the night, or safely check the
cargo in the vehicle. On the other hand, the head
office of the organization which provides transportation must always have information about
where the goods are situated, the route of the their
vehicle and whether there are any irregularities in
the planned itinerary involving hazardous materials or not. Transport of hazardous materials is the
type of transport which is often associated with
major risks and potential size of damage to the
environment. [1]. This is why it is necessary to establish risk management. A prerequisite for good
management is reliable and accurate information,
which can be provided by using technologies and
models to track these vehicles. Therefore, special
emphasis in this paper is on developing models
that will give more accurate results and enable better risk management.
Developing a system that will efficiently and
effectively perform the required tasks is an exVolume 6 / Number 4 / 2011

technics technologies education management

tremely complex job that involves going through
all the known phases of software development:
idea, analysis, dsign, programming, implementation and testing. Selo, Cerjakov i Topčic are the
authors who dealt with problems related to optimizing the process of transport in [2]. The authors
point out the problems of accumulating, forming
lines and waiting in those lines. These problems
could be affected by factors that are outside the
system of internal transport. Besides the optimization of transport capacity with its methodology
given in [2], a prerequisite for the optimization of
the transport process is the tracking of vehicles on
road transport which will be described in this paper. Applying the model, which is to be introduced
in this paper, and the model [2] would enable the
optimization of the overall transportation system.
There are numerous models that deal with this
problem and give the results of different precision.
These models generally do not take into account
the integration of all relevant technologies which is
why this paper is going to focus on building a modern monitoring system that includes a computer
system in combination with the most advanced mobile networks and satellite navigation. The emphasis is on the mathematical system as well in order to
increase the accuracy of positioning.
The solution to the above listed problems can
be found by providing compact information storage and search unit that functions as an electronic
guide. The given system must have the possibility
of locating the given vehicle based on the principle of three or more sensors , whether they use
GPS technology or cellular network. The aim of
this paper is precisely to present a mathematical
model for locating vehicles on the basis of three
or more sensors- satellites or base stations for
mobile telephony. The given information system
combines GPS, GSM, 3G or UMTS [3] technology with wll-known techniques of data storage.
2.  System description
The given information system has an integrated
receiver for GPS signals and the signals emitted by
base stations of mobile telephony operators. Mandatory components are storage devices like a hard
disc, located in the central computer, and memory
Volume 6 / Number 4 / 2011

cards of the GPS navigator mounted in the vehicle.
The device in the vehicle is a component of the
system, not an independent unit. Given receivers
provide current information on the geographical
location of the vehicle which they redirect to a central computer. The driver can read the time ,location, movement,speed,distance and time of arrival
to the petrol station,to the locations for making safe
breaks and rests or the time of arrival to the destination, on its portable computer display ( GPS navigator) at any time. All these important points of interest (POI – Points of Interest) are inscribed to the
memory card of the given component.
The central computer in the monitoring center
has access to the hard disk and takes the information received from the computer located in the vehicle.The central computer, due to more powerful
resources contains additional information which it
compairs to the arrived information. Given information relate to historical, geographical, cultural
conditions of the region through which the vehicle
is moving. The output generated by the central
computer can take various forms such as: a report
on the display of the portable computer in the vehicle, a voice message through the audio system
or, in case of unforseen incidents, a message for
the traffic-police intervention teams, fire department or emergency services. The central computer
can also be programmed to add new information
gathered by the receivers to data storage, process
the informtion and transmit them to the user.
The central computer also forwards information to the device in the vehicle based on the information on weather conditions, condition of roads,
traffic jam or any traffic incident, and the device
recalculates the route and takes the vehicle to a
new and a safer one. The driver can also use the
browser built in the computer in the vehicle, access various contents of interest in the database [4]
on the hard disc of the central computer.
The central computer also connected to networks of all mobile operators so that it can provide
mobile phone services at any time, for making
room reservations at a motel, for securing the vehicle during the break, or providing police escort
if necessary, etc.
The system is presented by a block diagram
(Figure 1) showing the components and their relationships.
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Figure 1. A block diagram of system components
GPS and mobile receivers (1) are integrated
into the vehicle computer (2), and it is directly connected to the central computer. (3). Hard drive (4),
display (5), control panel - keyboard (6) are the
components of a central computer. So, the monitoring center computer receives the information
from the receiver, takes the relevant information
from the hard drive and generates the resulting
report. The report can be forwarded to the driver
through the devices in the vehicle (1), the display
(5) through the audio system (7), or through various services via mobile phone. (8).
GPS receiver detects signals emitted by the
available satellites and forwards them to a portable computer for processing. The computer uses
the difference in arrival times of signals for determining the position of the receiver with extreme
precision. Similarly, the mobile receiver uses signals from three base stations for mobile telephony,
and enables extremely precise positioning of the
vehicle by using the principle of locating with
three or more sensors. The computer in the vehicle
sends all the processed information to the central
computer for monitoring, which is the ’heart’ of
the system. This is why it is necessary to secure
the information in the central computer from remote computers and from unauthorized use of the
mainframe computer itself, as well.
3.  Locating by using sensors
Making of a functioning, powerful, high-qualiy
nformation system has to go through the following
1000

steps: ideas, analysis, design, programming, testing and implementation. The problems exposed in
this paper belong to the realm of research and design. In other words, without a high-quality design
there is no high-quality information system.
The paper will further present a mathematical
model to locate the vehicle on the basis of three or
more broadcasters-satellite or cellular signals. Finding general solutions of undetermined systems of
linear equations is one of the most important issues
dealt with in linear algebra. It is particularly important to complete the analysis of the behaviour of
linear systems and provide a basis for understanding and the explanation of some abstract problems,
including linear transformations and zero space dimensions. A simpler and a more realistic solution
will be considered, for a start,where the general solution is in parametric form of practical relevance.
The paper will present an example based on the
four-sensor system, GPS or mobile telephony, for
determining geographic location. The basic idea
behind these systems is based on three-dimensional
triangulation: a point on the surface is determined
by the distance from other points- the sensors. The
aim here is to determine the location of the receiver
(GPS or mobile) based on signals received by three
or more transmitters ( satellites or base stations for
mobile telephony) and their mutual distance calculated by taking into account the travel time of radio
signals. This requires a precise record of time and
making a slight modification of the problem of a
simple spatial triangulation. In this modified version, four satellites will be used to calculate the location and the exact time of the GPS receiver. This
is going to provide higher precision than the use of
three satellites.
A clear calculation following the problem will be
shown prior to the presentation of the model. This
example requires knowledge of basic geometry, the
GPS issues are based on, and dealing with measurement errors in the real surroundings. Hence, GPS
usually uses at least four satellites and the method
of least squares to determine the best assessment
of the location and time of the receiver. Other improvements in the GPS calculation are found in calculating the travel of the radio signal and decoding
the information contained in the radio signal.
It should be noted that it is not always possible
to get feedback from the satellite or the base station
Volume 6 / Number 4 / 2011
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of mobile telephony. What happens if, for example
, the vehicle finds itself in a tunnel? In this case it
wouldn’t be possible to establish the connection so
it would be necessary to do sensor coverage through
radio signal in one the technologies of mobile telephony. A very interesting solution can be found in
the work of two authors, Medeved and Vulic [5].

ing the signal is 19.9 and the signal path ends for
the given time t, using the known value for speed
0.047, we get the expression for calculating the
satellite-sensor distance:
d = 0,047 (t – 19,9)

4.  A mathematical model of the system for
monitoring
A truck carrying toxic material, whose location
is unknown, can be considered as a concrete example. It has a GPS receiver that simultaneously
receives signals broadcast by four satellites. Each
signal is determined by the time of transmission
and the position of the satellite [6] at the given moment. This enables the GPS receiver to calculate
its own position and time. The way this works will
be presented in the following part of this paper.
To begin with, the following quantities will be
defined: x – latitude, y – longitude and z – elevation
(Figure 2). The unknown location of the observed
vehicle is represented by point (x,y,z). For the sake of
simplification, a coordinate system with axes whose
units are equal to the radius of the Earth can be taken.
Thus, each point on the surface of the Earth will satisfy the equation x2 + y2 + z2 = 1 (Figure2). Also , the
time will be calculated in milliseconds. GPS system
calculates the distance taking into account the time
that the radio signal needs to travel from one point
to the other. It is necessary to know the value of the
speed of light, in this case, and it is approximately
0.047 (in units of Earth radii per millisecond).
The observed vehicle is at an unknown location and has no clock. The receiver in the vehicle
simultaneously receives signals from four satellites, thus receiving their positions and the time
for which signals are received.(Table 1). It should
be noted that the values given in the table have
been made up for this example and that in the real
conditions such suitable vectors are hard to obtain.
The vehicle position is given by the point (x,y,z)
and t is the time for which the signal completes its
journey. The goal which is imposed here is to determine these variables. Using data obtained from
the first satellite, it is possible to calculate the distance to the vehicle as follows: If the time of sendVolume 6 / Number 4 / 2011

Figure 2. Coordinate system of the Earth’s surface
Table 1. Accepted GPS values
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The distance obtained this way can be expressed by point (x, y, z) and the satellite position
(1,2,0) as follows:
d = ( x -1 ) 2 + ( y - 2 ) 2 + ( z - 0 ) 2
Combining these two equalities and squaring
we get:
(x − 1)2 + (y − 2)2 + z2 =0,0472(t − 19.9)2 (1)
The corresponding equations for the remaining three satellites are derived by analogy. This
way you get a system of four equations with four
unknown, the solving of which leads to values of
x, y, z and t. Dismantling and reorganization of
squares leads to the following expression:
2x+4y−2(0.0472)(19.9)t = 12 + 22 − 0.0472(19.9)2+
+ x2 + y2 + z2 − 0.0472t2.
Using the analogy leads to the equations that
are derived for the three remaining satellites.
When these three equations are written together
we get an elegant system of equations:

the solution of this square equation the remaining
variables are easy to calculate.
Therefore, it is possible to formulate an expanded matrix of a linear system:
3.86 
2 - 4 4 0 . 0 7 7
0 - 2 2 - 0 . 0 5 6 - 3 . 4 7


 2 - 2 0
0
0 
Integer entries in the matrix must match the
correct values, while the decimal must be calculated with the accuracy up to approximately sixteen decimal places ( precision matching the value
of speed of the light), and then rounded to three
decimal places.
Continuing to solve the system reduces the
types and the expanded matrix is obtained in the
following form:
 1 0 0 0, 0 9 5 5, 4 1 
 0 1 0 0, 0 9 5 5, 4 1 


 0 0 1 0, 0 6 7 3, 6 7 
Therefore, the general solution is:
x=5.41–0.095t, y=5.41–0.095t, z=3.67– 0.067t,

If we take into account that all four equations
contain identical quadratic expressions, subtracting the first equations from each of the remaining
ones we get a system of three linear equations:

t is a free variable.
Returning the obtained values into the equation
(1), replacing x, y and z its ordering leads to forming of a square equation:
0.02t2 − 1.88t + 43.56 = 0,
solutions of which are 43.1 and 50. By choosing the first solution we get a vector

It is clear that this system cannot have a unique
solution. However, if the satellite data is accurate,
a solution of genuine quadratic equations must exist and this linear system must be consistent. Deriving a general solution would enable expressing
the three unknown through the fourth one. Replacing in one of the square equations of the genuine
system, would then lead to a square equation with
one unknown, which is easy to solve. Based on
1002

(x,y,z) = (1.317; 1.317; 0. 790),
intensity of which is approximately equal to 2.
Another value for t gives:
(x,y,z) = (0.667; 0.667; 0.332),
intensity of which is 0.9997, which shows a
point on the surface of the Earth ( up to a fourth
decimal) and gives the location of the given veVolume 6 / Number 4 / 2011
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hicle with hazardous materials with great precision. The next step is to translate the information
received into latitude, longitude and altitude.
The above mentioned mathematical model
is the basis on which GPS / RADIO component
functions.
5. Programming the GPS component in C#
programming language
The solution contains a relatively simple Windows Forms project called ReadGPS written in C#
programming language. The application is built of
two forms - frmPP.cs and frmMap.sc, separated
from the Program.cs. code. The complete program code , necessary for a successful execution
of the application is contained in these classes.
The complete code [7] which is necessary for
deriving the actual position from the GPS receiver
is contained in a unique form. The program code
of this class begins with the following lines:
using
using
using
using
using
using
using
using

System;
System.Collections.Generic;
System.ComponentModel;
System.Data;
System.Drawing;
System.Text;
System.Windows.Forms;
System.IO.Ports;

namespace and the Form class, the next order of
business in the application is to declare a collection of member variables requiring form wide
scope; these variables are contained in a defined
region entitled Member Variables. The declaration of the variables follows:
#region Member Variables
// Local variables used to hold the
present
// position as latitude and longitude
public string Latitude;
public string Longitude;
#endregion

The form designer contains a single serial port
control along with some text boxes used to display present position as latitude and longitude, and
two buttons, one of which is used to turn on and
off automatic updating of present position and the
other which serves to map the present position in
Central tracking display (Fig. 5).

namespace ReadGPS
{
public partial class frmPP : Form
}

Figure 4. Giving coordinates

Figure 3. Solution explorer
Following the imports, the declaration of the
Volume 6 / Number 4 / 2011

Figure 5. Central tracking display
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The form also contains a timer control used to
automatically update the coordinates, and a menu
strip control which contains menu options used to
change the COM port and to exit the application.
The next block of code in the Form class is the
constructor; in this instance, the constructor is used
to try to open the serial port given its default configuration as set in the property pages at design time. For
some of the properties associated with the control, it
might make sense to allow for runtime configuration
changes but, aside from the COM port used to attach
the device to the computer, the control is properly
configured to work with the GPS device; review the
settings for the serial port control in the IDE to review the settings applied.
Aside from using the wrong port setting, there
is little that can go wrong here but if the initial attempt to open the port fails, the constructor will
display a message box showing the user the reason
for the connection failure. A failure also disables
the timer control used to command present position updates and alters the text on the button used
to manually disable the update timer.
#region Constructor
/// <summary>
/// Constructor
/// </summary>
public frmPP()
{
InitializeComponent();

sage);

}

// Try to open the serial port
try
{
serialPort1.Open();
}
catch (Exception ex)
{
MessageBox.Show(ex.Mes-

}

timer1.Enabled = false;
button1.Text = "Update";
return;

#endregion

Following the constructor, the event handlers
used within the application are coded. The first is
the timer control’s tick event; this is the heart of
1004

the application in terms of getting the latitude and
longitude extracted from the corresponding string
outputted from the device.
The code first checks to see if the serial port is
open and, if it is, it reads the output of the device
into a string variable. The string is split on the dollar sign symbol to break it up into a string array
with each of the subordinate strings contained in
the output. We are looking for a string beginning
with GPGGA; this substring contains the latitude
and longitude information we are looking for and
it is comma delimited.
The whole GPGGA section contains other information besides latitude and longitude (such as time
of day information, elevation, the number of satellites tracked, etc.). There are only four parts of the
GPGGA section that we want, those sections contain the coordinates and the ordinals defining the
position. The rest of the code converts the returned
values into decimal degrees and passes them to the
latitude and longitude member variables.
If we have valid coordinates, the function also
enables the button used to map the point into
Google Maps. If the values returned are invalid,
the form will display GPS Unavailable in the latitude and longitude text boxes. If the serial port is
closed, the latitude and longitude text boxes will
be used to display the message COM Port Closed;
in either case, the mapping button is also disabled.
/// <summary>
/// Try to update present position if
the port is setup correctly
/// and the GPS device is returning
values
/// </summary>
/// <param name="sender"></param>
/// <param name="e"></param>
private void timer1_Tick(object sender,
EventArgs e)
{
if (serialPort1.IsOpen)
{
string data = serialPort1.
ReadExisting();
string[] strArr = data.
Split('$');
for (int i = 0; i < strArr.
Length; i++)
{
string strTemp = strArr[i];
string[] lineArr = strTemp.
Split(',');
if (lineArr[0] == "GPGGA")
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{
//Latitude

try
{

Double dLat = Convert.
ToDouble(lineArr[2]);
dLat = dLat / 100;
string[] lat = dLat.ToString().Split('.');
Latitude = lineArr[3].ToString()+
lat[0].ToString()+ "." +
((Convert.ToDouble(lat[1])/
60)). ToString("#####");
//Longitude

Double dLon = Convert.
ToDouble(lineArr[4]);
dLon = dLon / 100;
string[] lon = dLon.
ToString().Split('.');
Longitude =lineArr[5].ToString()+
lon[0].ToString()+"."+
((Convert.ToDouble(lon[1])/
60)).ToString("#####");
//Display
txtLat.Text = Latitude;
txtLong.Text = Longitude;

}

btnMapIt.Enabled = true;
}
catch
{
//Cannot Read GPS values
txtLat.Text = "GPS Unavailable";
txtLong.Text = "GPS Unavailable";
btnMapIt.Enabled = false;
}
}
}
}
else
{
txtLat.Text = "COM Port Closed";
txtLong.Text = "COM Port Closed";
btnMapIt.Enabled = false;
}

The following button click event handler is
used to enable or disable the timer used to automatically update the present position value shown
in the form. The click event handler will also alter
the text displayed on the button in response to enabling or disabling the timer.

/// <summary>
/// Enable or disable the timer to
start continuous
Volume 6 / Number 4 / 2011

/// updates or disable all updates
/// </summary>
/// <param name="sender"></param>
/// <param name="e"></param>
private void button1_Click(object sender,
EventArgs e)
{
if (timer1.Enabled == true)
{
timer1.Enabled = false;
}
else
{
timer1.Enabled = true;
}
if (button1.Text == "Update")
button1.Text = "Stop Updates";
else
button1.Text = "Update";
}

The next bit of code is merely used to exit the
application in response to the exit menu option
click event.

/// <summary>
/// Exit the application
/// </summary>
/// <param name="sender"></param>
/// <param name="e"></param>
private void exitToolStripMenuItem_
Click(object sender, EventArgs e)
{
this.Dispose();
}

The following bit of code is used to swap the
serial port over to COM1.

/// <summary>
/// Swap serialPort1 to port COM1
/// </summary>
/// <param name="sender"></param>
/// <param name="e"></param>
private void toolStripMenuItem2_
Click(object sender, EventArgs e)
{
try
{
serialPort1.Close();
serialPort1.PortName = "COM1";
serialPort1.Open();
}
catch (Exception ex)
{
MessageBox.Show(ex.Message, "COM1");
}
}
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serialPort1.Close();
serialPort1.PortName = "COM4";
serialPort1.Open();

The following bit of code is used to swap the
serial port over to COM2.

/// <summary>
/// Swap serialPort1 to port COM2
/// </summary>
/// <param name="sender"></param>
/// <param name="e"></param>
private void toolStripMenuItem3_
Click(object sender, EventArgs e)
{
try
{
serialPort1.Close();
serialPort1.PortName = "COM2";
serialPort1.Open();
}
catch (Exception ex)
{
MessageBox.Show(ex.Message, "COM2");
}
}

The following bit of code is used to swap the
serial port over to COM3.

/// <summary>
/// Swap serialPort1 to port COM3
/// </summary>
/// <param name="sender"></param>
/// <param name="e"></param>
private void toolStripMenuItem4_
Click(object sender, EventArgs e)
{
try
{
serialPort1.Close();
serialPort1.PortName = "COM3";
serialPort1.Open();
}
catch (Exception ex)
{
MessageBox.Show(ex.Message, "COM3");
}
}
///
///
///
///
///

<summary>
Swap serialPort1 to port COM4
</summary>
<param name="sender"></param>
<param name="e"></param>

The following bit of code is used to swap the
serial port over to COM4.

private void toolStripMenuItem5_
Click(object sender, EventArgs e)
{
try
{
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}

}
catch (Exception ex)
{
MessageBox.Show(ex.Message, "COM4");
}

The following bit of code is used to swap the
serial port over to COM5.

/// <summary>
/// Swap serialPort1 to port COM5
/// </summary>
/// <param name="sender"></param>
/// <param name="e"></param>
private void toolStripMenuItem6_
Click(object sender, EventArgs e)
{
try
{
serialPort1.Close();
serialPort1.PortName = "COM5";
serialPort1.Open();
}
catch (Exception ex)
{
MessageBox.Show(ex.Message, "COM5");
}
}

The next bit of code is used to open up the
Map form; the Map form accepts a latitude and
longitude as arguments. These arguments are
passed to the new form and used to display the
current location on the map.
/// <summary>
/// Open a map of the present position
/// </summary>
/// <param name="sender"></param>
/// <param name="e"></param>
private void btnMapIt_Click(object
sender, EventArgs e)
{
frmMap f = new frmMap(Latitude,
Longitude);
f.Show();
}

That wraps up the sum of the code used to communicate with the GPS device and to display the
present position latitude and longitude from the
coresponding string.
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Code: Map Form (frmMap.cs)
This Form class is used to display the position
captured from the GPS device through Google
Maps. The form contains only a single Web
browser control. The code contained in the class
is used to form a query string around the latitude
and longitude passed to the form whenever it is instantiated. Once the query string is assembled, the
browser is commanded to navigate to the location
indicated in that string. The code is pretty simple
and it is presented here in its entirety:

using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Text;
using System.Windows.Forms;
namespace ReadGPS
{
public partial class frmMap : Form
{
public frmMap(string lat, string lon)
{
InitializeComponent();
if (lat == string.Empty ||
lon == string.Empty)
{
this.Dispose();
}
try
{
StringBuilder queryAddress = new StringBuilder();
queryAddress.Append
("http://maps.google.com/maps?q=");
if (lat != string.Empty)
{
queryAddress.Append
(lat + "%2C");
}
if (lon != string.Empty)
{
queryAddress.
Append(lon);
}
webBrowser1.
Navigate(queryAddress.ToString());
}
catch (Exception ex)
{
MessageBox.Show(ex.Message.ToString(), "Error");

}

}

}

}
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Conclusion
The model presented in this paper, in relation to
the existing ones, differs primarily in the approach
to the calculation and then in terms of accuracy of
the results. Risk management from the moment of
the incident [1] consists of three phases: analysis of
the danger from the occurrence of incident; the planning of prevention, preparedness and response to the
incident situation; planning measures for eliminating the consequences. The available time and the accuracy i.e. quality of information are very important
for all the phases, especially for the first two. Using the model presented in this paper increases the
accuracy in collecting information, which makes it
possible to achieve realistic basis for successful risk
management in the transport of the toxic materials
and the cargo transport in general.
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Abstract
In our developing world, rise in population
leads to increase in needs and demands. One of
these increasing needs is the increase in demand
for education and training. Although states have
allocated greater amounts of fund from their budget every year, the problem has not been solved
yet and students have outgrown the classes. Especially developed countries have been trying to
find solutions for these problems which cannot be
solved with traditional methods by aiming at distance learning.
In this study, distance learning is explained
and its disadvantages and advantages compared
to traditional education is dwelled on. History of
distance learning has been examined and distance
learning practices both in our country and in the
world have been discussed.
In this study, field research is done by using survey method since the aim of this research is to put
forward the tendencies of the students in Marmara
University Technical Education Faculty towards
web- based technology education. Total number
of respondents of this survey is 319, 25 of which
is female and 294 of which is male. Statistical tables are obtained by computerizing the results of
the survey and analysing them by using Statistical
Package for the Social Sciences (SPSS). In order
to determine the difference among the variables
one-way analysis of variance and to determine the
source of difference Scheffé Test are used.
It has been found out that dependent variables
show significant differences when compared to
independent variables; there are significant differences in students due to sex, age, class, department, having information about distance learning
and being educated by distance learning. All the
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data obtained have been interpreted and suggestions have been given according to these data and
results obtained.
Key words: Web Based Education, Technical
Education, Technology Education
Introduction
People have always been in need of knowledge
in order to live on. While in ancient times people
got information through sense organs and experience, today peeple have got many sources to
obtain information easily. Information produced
starting with primitive male introduced the phenomaleon called science [1].
Of course there is a circular relation between
science and technology; while scientific studies
help techology develop by producing applicable
information, technological developmalets help
scientific developmalets accelerate by providing
scientific researches to be done in more favorable
conditions [2].
Population increase in our developing world
leads to increase in needs and demands. People
basically needed food and accomodation in ancient times whereas people’s individual needs increased and differed as we have come to the information age. One of these needs is the increase in
the demand for education and training. Although
states have allocated greater amounts of fund from
their budget every year, the problem has not been
solved yet and students have outgrown the classes.
Here, right at this point, distance learning have become a part of these efforts.
In the United States of America (USA) ratio
of the students getting distance learning among
the students registered in any program of higher
Volume 6 / Number 4 / 2011
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education has reached to approximately 20% by
increasing 10% in the last five years. This ratio
is about 21% in doctoral programs, 20% in master’s programs, 7% in undergraduate programs
and 24% in associate degree programs[3]. Studies
done have shown that potential of e-technologies
are not used sufficiently to fullfil the need of education in Turkey [4] .
Aims of this study
It is clear that distance learning practices insufficient. One of the reasons of this is not determining the necessities of the students adequately.
Therefore, distance learning is not attractive and
inviting for the students. The most important
point is to determine the necessities of the students. In order to increase and activate the web
use share in our educational system, tendencies
of the students, who will be primarily affeceted,
should be analysed and substructure should be
prepared.
When acquirements provided for the country
and the financial burden of the technology education are considered, it appears that analysis of
tendency should start with the students of undergraduate and associate degree programs.
Surveys, which initially aim to determine
views and suggestions about the practicability of
web based vocational training, are to be applied to
the randomly chosen students of Technical Education Faculty.
Importance of this study

In our country while the share of education in
total national income was 6,9% in 2002, it rose to
10,42% in 2007. But still not every student who
wants is supplied with higher education [5].
Employment of the vocational and technological school graduates does not increase and demand
for vocational training decreases due to vocational
schools of higher education and vocational high
schools’ having no integrity in their programs, vocational and technological education programs’
not being uptated according to labor market’s demands [6].
Volume 6 / Number 4 / 2011

In order vocational education to update itself
according to the demands of the employer, it is
more economical to use web based systems instead of traditional education [7].
E-learning has the advantages as decreasing
cost, upgrading quality, providing students with
an enriched educational atmosphere, having more
trainers benefit from it [8].
Dintance learning both contributes to the economy of the country and supplies more students
with education due to the advantages mentioned
above.
This study ensamples the necessity of this education be given to the undergraduate and associate
degree students and especially technical studies
in which the most expensive education is given
when the education cost is considered. It is aimed
to analyse the tendencies of the students who are
to get web based technology education and to give
an idea to increase the efficiency of the projects to
be done accordingly.
Method
This research is a work of relational scanning
model prepared to test whether tendencies of the
university students towards web based technology
education differ due to dependent and independent
variables.
Relational Scanning Model is defined as a
model aiming to determine occurance and/or level
of covariance among two or more variables. At the
relational scanning models, relations among the
variables are analysed in two ways; type of corelation and type of comparison.
In corelation type relational scanning, it is tried
to be determined whether variables covary or not;
if there is covariance, it tries to figure out how it
happens. In comparison type relational scanning
model, there are at least two variables and it is
analysed if there is any variance between the independent variable and the groups formed according
to dependent variable [9].
As the aim of this research is to put forward
tendencies of the students at Marmara University
Technical Education Faculty towards web based
technology education survey used field research
method is used.
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Population and sample
Population of the research is formed by the students attending at Marmara University Technical
Education Faculty in 2009-2010 academic year.
Sampling is the whole being represented by
chosen components of it. In this research random
sampling method is used; therefore, each individual taken into the sampling has had the equal chance
of being chosen. Work-group of the research is
formed by the students randomly chosen among the
students of Electric Teaching, Electronic-Communication Teaching and Computer-Control Teaching
Departments of Marmara University. Totally 319
students who attend these departments are reached,
25 of which are female and 294 of which are male.
Data Collection
Data source of the research is formed by the
data collected by surveys. In order to collect, after
literature scanning is done, a pool of many survey
articles to determine the assesment instrument to
be applied the students in accordance with the aim
of the research.
Draft copy of the survey preparedhas been taken to the survey experts and final copy is prepared
according to the suggestions of these experts.
Survey developed has two parts. First part
consists of six independent variables; age, sex, department, class, having or not information about
distance learning and attending or not distance
learning program. Second part consists of 40 articles prepared to determine the tendencies of the
students towards web based technology education.
Quintette rating scale is used in the second part.
These are; “strongly agree”, “agree”, “no idea”,
“disagree” and “strongly disagree”.
Analysis of Data
Data collected through the survey given to the
participants are codified and computerized by digitizing. In analysing the data collected SPSS Windows-15 statistical package is used. Data collected
have been processed statistically with the help of
SPSS package program.
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In analysing data; for all independent variables, Frequency (N), Percent (%), Mean (X),
Standard Deviation (SS) values are used. Then to
test variance between binary variables “ Unrelational Group T-Test” and to test variance among
variables having more than two cathegories “Oneway Variance Analysis” (ANOVA) are used.
After “One-way Variance Analysis” (ANOVA)
“Scheffé Test” is used to test source of the variance obtained. Level of significance is accepted as
p<0.05.
While assessing arithmetic means of the views
obtained in accordance with the survey used in the
research following ranges are used.
Table 1. Survey Scale
Value
1
2
3
4
5

Options
Strongly Agree
Agree
No Idea
Disagree
Strongly Disagree

Range
4,20-5,00
3,40–4,19
2,60–3,39
1,80–2,59
1,00–1,79

Discussion
Discussions on whether dependent variables
vary with the independent variables [10].
1. Discussions related to age variable
To the statement“I belive that access and sharing
will be faster at the web based education since the
information is in the internet environment” students
between 22-24 age have had significantly more positive views than students between 19-21 age.
To the statement “I believe that web based
technology education will provide more effective
learning through audio-visual designs and technology” students who are 25 or older have had
significantly more positive views than students
between 19-21 age.
To the statement “I think, Web based technology
education will support individual learning” students
who are 25 or older have had significantly more positive views than students between 19-21 age.
To the statement “I think, Web based technology
education is in conformity with life-long learning”
students who are 25 or older have had significantly
more positive views than students between 1921 age To the statement“I believe that web based
Volume 6 / Number 4 / 2011
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technology education can be supported with audiovisual materials for applied courses” students between 22-24 age have had significantly more positive views than students between 19-21 age.
To the statement “I believe that when formal
education is supported with web based technology education,quality and success will increase in
education” students between 22-24 age have had
significantly more positive views than students
between 19-21 age.
When the statements above are analysed in
the age context, it can be concluded that students
who are older in age agree with statements form
which significant variance can be obtained. It may
be true because of these students’ being in upper
classes has influenced them to be more conscious
about the topic than the younger ones.
2. Discussions related to sex variable
To the statement “I believe that web based
technology education will provide more effective
learning through audio-visual designs and technology” female students have had significantly
more positive views than male students.
To the statement “ I believe that more people
will be reached by using visual materials in laboratories and practices in web based technology
education” female students have had significantly
more positive views than male students.
To the statment“I believe learning is accomplished in a free environment ( no pressure of
teachers, classi hardworking student, etc.) in web
based technology education.” female students
have had significantly more positive views than
male students.
When the tendencies of the students towards
distance learning analysed in the sex context, it is
concluded that female students students agree with
statements above more than male students. This
evidence shows that female students are more interested in distance learning, explored it more and
their tendency is more positive.
3. Discussions related to department variable
To the statement “I believe that web based
technology education will provide more effective learning through audio-visual designs and
technology”students in electrionics department
have had significantly more positive views than
electric department students.
Volume 6 / Number 4 / 2011

To the statement “ I think that since the student assessment feedback is faster and more detailed in the web based technology education,
deficiencies can more easily be seen” students
in computer department have had significantly
more positive views than students in electric and
electronics departments.
To the statement “I believe that web based
technology education provides students with the
possibility of repeating the subjects and increases
the efficiency of education” students in computer
department have had significantly more positive
views than electric department students.
To the statement “I think, web based technology education’s having no space limitation is an
advantage” students in computer department have
had significantly more positive views than electric
department students
To the statement“I believe,in web based technology education students will be active” students
in computer department have had significantly
more positive views than students in electric and
electronics departments.
To the statement“I believe that web based technology education can be supported with audiovisual materials for applied courses” students in
computer department have had significantly more
positive views than students in electric and electronics departments.
To the statement “I believe that when formal
education is supported with web based technology education,quality and success will increase in
education” students in computer department have
had significantly more positive views than students in electric and electronics departments.
To the statement“I believe that web based technology education be used in undergraduate and
associate degree programs at which costly technology education is given when analysed economically” students in computer department have had
significantly more positive views than students in
electric and electronics departments.
When tendencies towards distance learning according to the department variable is considered
students in electric fall behind the students in the
other departments (electronics and computer).
Students who have positive tendency are mainly
from the computer department. Factors influencing this situation can be discussed as:
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Distance learning is way of education in which
various computer technologies are used. Besides
the the technologies such as computer, web cam,
modules of distance learning have proper computer software according to their content. While
these software and hardwares are produced usually computer operators take charge in. Therefore,
students in computer department are being close
to the topic in this context is an expected resulted.
4. Discussions related to class level variable
To the statement“I belive that access and sharing will be faster at the web based education since
the information is in the internet environment”
students at 4th grade have had significantly more
positive views than students students in 3rd and
2nd grades.
To the statement “I believe that web based
technology education will provide more effective
learning through audio-visual designs and technology” students at 4th grade have had significantly more positive views than students students
in 3rd and 2nd grades.
To the statement “I think, web based technology education’s having no space limitation is an
advantage” students at 4th grade have had significantly more positive views than students students
in 3rd and 2nd grades.
To the statement“I believe,in web based technology education students will be active” students
at 4th grade have had significantly more positive
views than students students in 3rd and 2nd grades.
To the statement “I believe that when formal
education is supported with web based technology
education,quality and success will increase in education” students at 3rd grade have had significantly
more positive views than students in 2nd grade.
As it has been previously discussed in age
variable, it is thought that being older or being
in an upper class with a different point of view
make students have a more positive view for distance learning and be more conscious. Therefore,
evidence related to age and class level variables
match up with eachother.
5. Evidence Related to Having or not Information
about Distance Learning Variable
To the statement“I belive that access and sharing will be faster at the web based education since
1012

the information is in the internet environment” students who have information have had significantly
more positive views than students who do not.
To the statement“I believe that web based
technology education can be supported with audio-visual materials for applied courses” students
who have information have had significantly more
positive views than students who do not.
The evidence obtained by the two statements
above matcht up with those of departmant variable.
As in the case of positive views of computer
department students due to their being a part of the
process, having information about the topic also
leads to having positive views can be stated.
6. Evidence Related to Having or not Education
by Distance Learning Variable
To the statement “I believe that web based
technology education will provide more effective learning through audio-visual designs and
technology”students who have experienced distance learning have significantly more positive
views than who have not.
To the statement “I believe that motivation
will increase since student will get education at
his level” students who have experienced distance
learning have significantly more positive views
than who have not.
To the statement “ I believe that web based
technology education provides students with equal
educational opportunities since it eliminates demographical difficulties” students who have experienced distance learning have significantly more
positive views than who have not.
To the statement“I believe that web based technology education be used in undergraduate and
associate degree programs at which costly technology education is given when analysed economically” students who have experienced distance
learning have significantly more positive views
who have not.
In the literature part of the research it is stated that distance learning has many advantages.
Therefore, positive view from the students those
who have experienced distance learning more
than the ones who have not has been an expected
evidence [10].
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Result
Results related to whether independent variables show any variance when compared to dependent ones:
1) Results Related to Age Variable
a) Students between 22-24 of age have more
positive views to the following statements than
other age groups:
• “I belive that access and sharing will be
faster at the web based education since the
information is in the internet environment”
• “I believe that web based technology
education can be supported with audiovisual materials for applied courses”
• “I believe that when formal education is supported with web based technology education,
quality and success will increase in education”
b) Students who are 25 or older have more positive views to the following statements than other
age groups:
• “I believe that web based technology education will provide more effective learning
through audio-visual designs and technology”
• “I think, Web based technology education
will support individual learning”
• “I think, Web based technology education is
in conformity with life-long learning”
2) Results Related to SexVariable
Female students have more positive views to
the following statements more than male students:
• “I believe that web based technology
education will provide more effective
learning through audio-visual designs and
technology”
• “I believe that more people will be reached
by using visual materials in laboratories and
practices in web based technology education”
• “I believe learning is accomplished in a free
environment (no pressure of teachers, classi
hardworking student, etc.) in web based
technology education.”
3) Results Related to Department Variable
a) Students who attend electronics departmant
have more positive views to the following statements than other students:
Volume 6 / Number 4 / 2011

• “I believe that web based technology
education will provide more effective learning
through audio-visual designs and technology”
b) Students who attend computer departmant
have more positive views to the following statements than other students:
• “I think that since the student assessment
feedback is faster and more detailed in
the web based technology education,
deficiencies can more easily be seen”
• “I believe that web based technology
education provides students with the
possibility of repeating the subjects and
increases the efficiency of education”
• “I think, web based technology education’s
having no space limitation is an advantage”
• “I believe, in web based technology
education students will be active”
• “I believe that web based technology
education can be supported with audiovisual materials for applied courses”
• “I believe that when formal education is
supported with web based technology
education, quality and success will increase
in education”
• “I believe that web based technology
education be used in undergraduate and
associate degree programs at which
costly technology education is given when
analysed economically”
4) Results Related to Class Level Variable
Students who attend fourth grade have more
positive views to the following statements than
other students:
• “I belive that access and sharing will be
faster at the web based education since the
information is in the internet environment”
• “I believe that web based technology
education will provide more effective learning
through audio-visual designs and technology”
• “I think, web based technology education’s
having no space limitation is an advantage”
• “I believe, in web based technology
education students will be active”
• “I believe that when formal education
is supported with web based technology
education, quality and success will increase
in education”
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5) Results related to Having or not Information
about Distance Learning Variable
Students who have information about distance
learning have more positive views to the following statements than the students who do not:
• “I belive that access and sharing will be
faster at the web based education since the
information is in the internet environment”
• “I believe that web based technology
education can be supported with audiovisual materials for applied courses”
6) Results related to Having or not experience
about Distance Learning Variable
Students who have experience in distance
learning have more positive views to the following statements than other students who do not
have [10].
• “I believe that web based technology
education will provide more effective
learning through audio-visual designs and
technology”
• “I believe that motivation will increase
since student will get education at his level”
• “I believe that web based technology
education provides students with equal
educational opportunities since it eliminates
demographical difficulties”
• “I believe that web based technology
education be used in undergraduate and
associate degree programs at which
costly technology education is given when
analysed economically.
Suggestions
1. When the evidence of the research are
taken into account, especially students of
electronics and computer have information
about distance learning.However, it is a
well-known fact that students of electric
may take a part in the process of distance
learning. In this context, it is suggested that
raise the awarness of electric department
students and be taken into the process.
2. Another remarkable result among the
evidences of the research is that students
who are much older and in upper classes are
1014

3.

4.

5.

6.

much closer to the subject. It is neccessary
for especially the students of technical
education be informed at the very beginning
of their education.
When the responses to the having or not
education in distance learning analysed,
it is observed that majority of the students
answered “no” i.e. they have no experience
about it. It is not expected that students who
are having formal education be experienced
in distance learning, yet it is important for
them to get to know the process experientally
time to time.
It is a well-known fact that distance learning
has many advantages such as it’s not having
space-time limitaions, being economical.
It is suggested that web based distance
learning be popularized in our country as it
is intensely sustained to be applied.
Evidences of this research have been put
forward with the data of achieved sampling
as it has been stated in the limitations.
It can be suggested that the research be
analysed with different sampling structures
is necessary.
When the efficiency of laboratory evironment in which theory based lessons are
given taken into account, it is suggested
that technical lessons be supported with
laboratory periodically [10].
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Abstract
Project risks analysis model RAKA (Risk
Analysis by Key-factors Assessment) was created
primarily for the purposes of industrial product
development in small enterprises which operate in
an environment of economic and political transition and is based on the assessment of particular
weighting factors. Once estimated, these can be
applied to future projects of the same type, given
the same operating conditions. Thus, the formalized assessment of risk analyses becomes rather
simplified, and, in addition, the model makes possible calculating the overall risk factor for each of
the targeted project objectives. The public lighting
project was used as an example to illustrate the
procedure introduced in this paper.
Key words: risk assessment, industrial product
development, project management, public lighting
1. Introduction
In practice, there is always the prevailing desire to achieve the defined objectives. Nevertheless, this is, rather often, an elusive goal. There are
numerous cases of failing to meet the deadlines or
of exceeding budget, and, often, the very quality
of product can be at stake, despite tests and trials
prior to staring a serial production. It is true that
the concepts of quality, time and money are closely related to a certain extent and some authors, by
using the consequential factors approach (Smith
and Merrit 2002), express the effects of consequential factors on the project objectives only in
terms of money or time loss. An integral part of
1016

this approach was to establish a table of equivalent
values called PERIL database (Kendrick 2003),
where time is taken as the common parameter for
all the projects in the base and thus, for example,
each day of project delay results in specific costs.
Although each project is special and unique, primarily because of specific objectives and implementation in a specific environment, certain features are common for all of them (Rakonjac and
Rakonjac 2006). Notwithstanding all of the above,
in the process of industrial production, the mentioned parameters - quality, time and money - are
considered to be independent. Sometimes running
late with a project cannot be expressed in equivalent monetary units, since the deadlines are often
strictly set and penalties for a delay cannot be
predicted. Instead, the non-delivery of a product
on time can lead to a failure to meet the project
objectives and can have disastrous consequences
not only for the project - it can be much more farreaching, affecting the company itself. This is especially the case if the project in question is only
one part of a larger project. In addition, the failure
to meet the required technical properties cannot
always be expressed through the equivalent loss of
time or money, since it can bring about a complete
failure of a project and momentous consequences
when it comes to the company’s reputation.
Unlike large business systems, where the practices of project risk management are executed as
an integral part of project management, in small
enterprises this is mostly not the case. If the complexity of the process is taken into account, as
well as the need to engage additional resources,
it becomes somewhat clear that the executives of
these companies knowingly accept the risk and
Volume 6 / Number 4 / 2011
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that managing the company is usually reduced to
intuitive counter-measures.
2.  Project risk management
According to one of the numerous definitions
of risk, it is “cumulative effect of the probability
of uncertain occurrences that may positively or
negatively affect project objectives" (Ward 2010).
Therefore, the concept of risk does not exclusively
denote a threat (negative effect) - it can also represent an opportunity (positive effect).
Project risk management is a rather complex
and systematic process which can significantly
influence project performance. Extensive body
of academic literature on the subject of risk management suggests a variety of concepts. They all,
however, revolve around quite similar processes,
which take place in stages and are an integral part
of the overall process of project risk management.
Although this procedure applies to the specialized
field of project risk management, it can also be
used in some general cases, with certain adaptations (Petrović et al. 2010).
It is crucially important to establish risk management strategy at the very beginning of a project, as well as to constantly monitor the risk during the project’s entire life cycle. Risk management involves several related activities: planning
for risk, assessing (identifying and analyzing) risk
issues, developing risk handling strategies and
monitoring risk (Kerzner 2009). If a project is perceived as a dynamic system, it is clear that during
its realization the circumstances which can cause
emergence of potential risk events alter. Therefore,
the unpredictable events which can occur during
a project life cycle affect its results by bringing
them closer to or further from the targeted objectives. The main hypothesis is that in an ideal case
the results of the project should match these objectives: that a product with required technical properties is developed, on time and within the planned
budget. Basically, risk brings about occurrence of
deviations from the desired goals. The deviation
or failure for each of the goals given can be a parameter that is monitored and whose values can
indicate the level of risk for the fulfillment of the
project objectives.
Volume 6 / Number 4 / 2011

The process of managing project risks is not a
separate one, but is an integral part of the overall
project management process. Proper project risk
management process is proactive, rather than reactive (Kerzner 2009). It, therefore, aspires to direct compensation of disruptions of the system, i.e.
of risk. Nonetheless, such approach is not always
possible and the correction is performed only after
the impact of the risk event on the project and is
based on the discrepancy that shows between the
results and the target objectives of the project.
Risk is mainly associated with two key elements: the likelihood or probability that the event
might occur and the expected consequences of the
event. These are usually called risk factors. Kerzner (2009) defines risk as a function of likelihood
of emergence of a risk event and of the impact of
such an event:
Risk=f(likelihood, impact) ................. (1)
One of the simplest ways to represent risk is
loss multiplied by likelihood (Kendrick 2003). In
both of the abovementioned cases, likelihood refers to the possibility of emergence of an unpredicted event, whereas the impact, i.e. the loss, is
represented by predictable consequences (in regards to the project objectives).
Probability of emergence of a risk event at the
same time represents the possibility of occurrence
of a failure in the system (project). The impact of
a risk event will determine the consequence of a
failure (the value of deviation from the project
objective), whereas it is of significant importance
to define an additional factor - the probability of
failure detection. It is evident that the higher probability of failure detection results in less of a deviation of the project results from the predetermined
project objectives. F can be taken as the overall
project risk factor:

F = ( Pe , Pd , C ) ............................ (2)
where the following are: Pe - probability of
failure, Pd - probability of failure detection, C consequence of failure.
If the project objectives are defined as three parameters: the project schedule S, project’s budget
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B and technical properties T, to determine the expected deviation for each of the parameters mentioned, it is necessary to establish a mathematical
model which will encompass all the risks associated with each parameter respectively:
FS = f ( PeS , PdS , CS )

FB = f ( PeB , PdB , CB ) ...................... (3)
FT = f ( PeT , PdT , CT )

where the indices S, B, T refer to the schedule,
budget and technical properties respectively.
In the risk assessment process, as the most
important of the risk management process, likelihoods and consequences of different risks on project objectives are assessed and quantified.
3.  Risk Analysis by Key-Factors
Assessment (RAKA model)
After identifying potential risk events, one
needs to classify them into a group of threats and a
group of opportunities. Risks that represent threats
tend to increase the deviation from the defined
project objectives, and risks related to the chance
reduce it by bringing closer the project’s results to
its objectives.
Risk events can be classified according to their
sources or patterns of their formation, as well as
according to their consequences (Petrović et al.
2010). For the purposes of the mathematical model represented by the expression (3) it is necessary
to do a classification according to consequences,
i.e. clearly indicate the risk events that impact
each objective separately, which, of course, does
not exclude the possibility that certain risks affect
multiple objectives. Furthermore, it is very often
that the risk events have impact on more than one
project objective, but with a different intensity,
and therefore special attention needs to be paid to
this aspect, as well as to determining the weighting factors in the stage of risk analysis.
It is necessary to perform a detailed analysis of
the impact of certain risk events on the project results, as well, by exploring the nature of particular
risk events, analysis and assessment of probability
of emergence of risk events, analysis of correla1018

tion among the risk events, and quantification of
the intensity of the impact of certain risk events or
sets of risk events on the achievement of project
results (Petrović et al. 2010).
In addition, the following should be defined:
the set of risk events that affect the project objectives: ( S S , S B , ST ) , the set of risk events that affect
the project schedule, the set of risk events that affect the budget and the set of risk events that affect
the technical properties, respectively. Each of the
abovementioned sets is assigned the value of the
intensity of the impact which the elements of the
set make on the given project’s objective, i.e. the
consequence of a failure (CS , CB , CT ) . Then, the
probability of failure ( PeS , PeB , PeT ) and probability of failure detection ( PdS , PdB , PdT ) are added to
the elements of the set.
It is also necessary to represent the overall
probability of failure for each of the sets Pf , and
to do that in the form of a function of probability
of failure Pe and probability of not detecting failure Pd , where:

Pd = 1 - Pd .............................. (4)
Then, the probability of failure for the ith element of the set is as follows:

Pfi = ki Pei ⋅ Pdi ........................... (5)
where ki Î [ 0,1] is the weighting factor that is
added to the ith element of the set, which will be
discussed later on in the paper.
The hypothesis is that there is a total of n elements of the set, m of which represent the threats
to the project objectives and n-m of the risks are
the opportunities. Then it can be claimed that the
total probability for the elements of the same set is
as follows:
m

Pf = ∑ ki Pei ⋅ Pdi i =1

n

∑ kP

i = m +1

i ei

⋅ Pdli ............ (6)

Where the following are:
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∑ ki =
i =1

n

∑

i = m +1

ki = 1 ........................ (7)

Thus, apart from the failure probability, we can
also add the related weighting factor to each element in each of the sets. These factors are used to
prioritize the risks in the sets.
If the expression (1) is represented as (Kerzner
2009):
F = Pf + C f - Pf ⋅ C f ..................... (8)

where the following are: Pf - failure probability and C f - consequence of failure, taking into account the expression (3), a new expression can be
derived for each of the project’s objectives and it
combines all the threats and opportunities:

FS = PfS + C fS - PfS ⋅ C fS
FB = PfB + C fB - PfB ⋅ C fB .................. (9)
FT = PfT + C fT - PfT ⋅ C fT
that is:
Fl = Pfl + C fl - Pfl ⋅ C fl .................. (10)

where the total failure probability for the given
set is:
ml

Pfl = ∑ kl i Peli ⋅ Pdli i =1

nl

∑

i = ml +1

k l j Peli ⋅ Pdli ........ (11)

where the following are: Pei , Pdi , Peki , Pdki , ki Î Sl

nl - total number of the elements of the set Sl , ml
- total number of the elements of the set Sl which
are identified as threats, (nl - ml ) - number of the
elements of the set Sl identified as opportunities,
where l = {S , B, T } .
From expressions (9) and (10) we get the total
risk factor of the project results:
nl
 ml

Fl = ∑ kl i Peli ⋅ Pdli - ∑ k l j Peli ⋅ Pdli  ⋅ (1 - C fl ) + C fl
i = ml +1
 i =1


...................................... (12)
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4. Experimental assessment of risk factors
in process of development of luminaries
for lighting of open public spaces
Estimating probability, consequences of risk
events, as well as of weighting factors can be carried out using different methods. When selecting a
method, what should be taken into consideration
is to what extent use of tangible and intangible resources for the purpose of assessment is justifiable
and the duration of the assessment, and in this regard
care should be taken to use as few as possible of different methods. Based on experimentally collected
data, the probability, as well as the consequence of
a failure, can be estimated, whereas the estimation
of weighting factors is more a matter of subjective
evaluation of the project team. It should be noted
that the majority of problems related to experimental assessment of project risks in industrial product
development result from the fact that the business
environment in the countries going through a process of transition is not stable (Rakonjac 2008), and
that it is relatively difficult to find a large sample of
newly developed products of the same type within
a small enterprise. Moreover, instability of business
environment is one of the factors that also influence
the occurrence of certain risks, which are included
in the results of the experiment.
The experiment is conducted in a small enterprise that has in the previous five years developed
more than fifty products of the same type, in order
to ensure the minimal sample for statistical data
processing. The company chosen has implemented the ISO 9001 quality management system and
corresponding procedures, and, thus, the records
can be used as basis for data collection, which
makes the implementation of a model for project
risk management significantly easier. A representative list of selected completed projects of new
product development is created. The project team
working on the development project is gathered
and it must be joined by the company’s representative in charge of quality management and the head
(or a representative) of the sales sector. Based on
records of previous discrepancies the problems
hitherto are perceived and identified as project
risks, and consequently classified through affinity
diagrams into categories according to their impact
on project results to form three sets:
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–– The risks affecting the project schedule - S S
–– The risks affecting exceeding the project’s
budget - S B
–– The risks affecting the technical properties
of the product - ST
In each of the sets are found clearly distinguished
the subset of the threats - Sl′ and the subset of opportunities - Sl′′ , where ( Sl′ È Sl′′ = Sl ) ∧

( Sl′ Ç Sl′′ = ∅ )

, and l = {S , B, T }
The interrelation matrices of elements of subsets
are formed for each of the defined subsets, on the
basis of these risk events are prioritized, and thus
the values of weighting factors ki are calculated.
A register of risk events is created for each of the
projects from the representative list taken as a sample. Furthermore, on the basis of records of discrepancies, a checklist is established for all the risks, i.e.
problems that emerged during the projects in question. In this way, the experimental probability of
emergence of the ith risk event can be determined:

Pei =

ni .............................. (13)
n

where ni is the number of occurrences of the ith
risk event in the sample, and n is the total number
of projects, i.e. the number of samples.
Experimental probability of failure detection
can be represented as follows:
Pdi = ai

ni′
............................ (14)
ni

where ni′ is the number of detected failures caused
by the ith risk event, ni is the number of occurrences
of the ith risk event in the sample, and ai Î [ 0,1] is
weighting factor, the value of which depends on the
stage at which the failure was detected.
If the process of new industrial product development is represented through several stages:
–– Idea generation and product planning
–– Task clarification and new technology
feasibility
1020

–– Specification development
–– Conceptual design and first prototype
–– Embodiment design and prototype
development
–– Detailed design and prototype verification
–– Production start-up
–– Post-production market follow-up
values of weighting factor are assigned from
the value of 0 for the failures detected in the first
stage up to the value of 1 for the risks that caused
the failure that was discovered in the last stage.
Assessment of other values is made by the project
team by using the technique of assumption analysis, or any other convenient technique.
Determining the consequences of a failure on
project objectives related to schedule and budget

(CS , CB ) is carried out by comparing the targeted,
limit and realistically achieved results and it can
be represented as follows:
 Vl - Vl 0
, Vl ≤ Vl g

............... (15)
Cl = Vl g - Vl 0
 1,
Vl ≥ Vl g

where Vl 0 represents the targeted value of project results, Vlg the permitted limit value of project
results, and V the real value measured during the
experiment. l = {S , B}
The targeted values are defined within the project task and they are related to the expected duration of the project and the budget involved. The
real values for the project schedule, as well as the
costs, are easy to read from work orders and from
the condensed financial statements, respectively.
The limit value is determined by the project team
and it represents the margin by which stretching
of the schedule and/or budget would represent a
complete failure of the project.
Assessment of the consequences of a failure
in relation to technical properties of a product is
based on the evaluation of each newly developed
product in several categories:
–– Safety
–– Ergonomics
–– Aesthetic properties
Volume 6 / Number 4 / 2011
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––
––
––
––
––
––
––

Productivity and assemblability
Quality controllability
Transportability and storagebility
Maintainability
Exploitability
Montageability
Recyclability

K 10

bi =

The consequence of failure in relation to technical properties CT can be represented as follows:
10

CT = 1 - ∑
i

bi M i . ..................... (15)
10

where M i represents the evaluation of the ith
category, and bi is weighting factor which is used
to prioritize the categories.
It is clear that the criteria for assessment of
failures in relation to the technical properties will
depend on the type of the product. Further on in
the paper, it will be shown how to determine this
factor in the process of development of luminaries
for lighting of open public spaces.
Weighting factors bi are determined by the interrelation matrix which is represented in the Table 1.
The evaluation is performed by entering values 0,
1, 2 into the matrix cells and that in the following
fashion: 2 if the more important factor is in a row, 0
if the more important factor is in a column and 1 if
the factors are equally important. The value of the
weighting factor bi is derived as follows:

∑x

j =K1

ij

 K 10  ...................... (16)
∑  ∑ xij 
i=K1  j =K1

K 10

The values of the weighting factors, where are
entered into the Table 2, and the grade is given
by the members of the project team responsible for
the particular category on the basis of the established technical criteria, procedures and surveys of
customer satisfaction, which are an integral part of
quality management. The table lists the criteria and
the grade is expressed in the range, where 0 is for a
complete failure to meet the demands and 1 when
the demands set by the criteria are 100% fulfilled.
5. Conclusions
This study resulted from the need to perform
risk assessments in small enterprises which develop their own products using the simplest tools
possible and a minimum of additional resources.
The specific contribution of the paper is the development of RAKA model, which, similar to
Browning and Hillson (n.d.), treats the influence
of threats and opportunities on the project results
equally. However, in addition to the probability of
emergence of a risk event, it also takes into account the probability of its detecting, and the failures which result from such events. The advantage
of this model is also the possibility of estimating
the overall risk factor according to each of the

Table 1. The interrelation matrix of categories on the basis of which the intensity of failure impact is
estimated in relation to technical properties of a luminaire for urban lighting of open public space
K1 K2 K3 K4 K5 K6 K7 K8 K9 K10
K1
K2
K3
K4
K5
K6
K7
K8
K9
K10

Safety
Ergonomics
Aesthetic properties
Productivity and assemblability
Quality controllability
Transportability and storagebility
Maintainability
Exploitability
Montageability
Recyclability
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1
0
0
0
0
0
0
0
0
0

2
1
0
0
1
0
0
1
0
0

2
2
1
1
2
0
1
2
0
0

2
2
1
1
1
0
1
2
1
0

2
1
0
1
1
0
1
0
0
0

2
2
2
2
2
1
2
2
2
2

2
1
1
1
1
0
1
2
0
0

2
1
0
0
2
0
0
1
0
0

2
2
2
1
2
0
2
2
1
0

2
2
2
2
2
0
2
2
2
1

∑

bi

19
14
9
9
14
1
10
14
6
3

0,2
0,14
0,09
0,09
0,14
0,01
0,1
0,14
0,61
0,03
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Table 2. Determining consequences of failure in relation to the technical properties of the product
Consequence of failure in relation to technical properties CT
Table:
R 2.3
Luminaire type:
No.

K1

K2

Category

Safety

Ergonomics

ID No:
Weight
Factor
( bi )

Criteria

Evaluator

0.2

Customers’ complaints: Number
of complaints due to safety
hazards in relation to total
amount of products supplied.

Sales
Manager

0.14

Photometric tests:
According to CIE norms and
recommendations, comfort of
light level is determined.

Light
Designer

Product
Designer
Production
Manager

K3

Aesthetic
properties

0.09

Assessment of design and
aesthetic features: According to
aesthetic requirements, form and
finish of product are evaluated.

K4

Productivity and
assemblability

0.09

Production efficiency:
Complexity of production and
assembling is evaluated.

K5

Quality
controllability

0.14

K6

Transportability
and
storagebility

0.01

K7

K8

K9

K10

Maintainability

Exploitability

Montageability

Recyclability

ISO procedures: Feasibility of
quality control of materials,
parts, services and final product
is evaluated.
Logistics norms: Evaluation of
product properties according
to complexity of transport and
storage.

bi M i

Quality
Manager

Logistics
Manager

0.1

Costumers’ satisfaction
questionnaire: Costumers’
evaluation of products due to
maintainability requirements.

Sales
Manager

0.14

Customers’ complaints: Number
of complaints due to product
failures in relation to total
amount of products supplied.

Sales
Manager

0.06

Costumers’ satisfaction
questionnaire: Costumers’
evaluation of products due
to montage complexity and
installation requirements.

Sales
Manager

0.03

Bill of materials: Recyclable
materials used in relation to
non recyclables.

Production
Manager
10

CT = 1 - ∑
i
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Evaluation
( Mi )

bi M i
10
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project results related to the schedule, budget and
technical properties of the project.
The model is applicable to a variety of projects, and, once assessed, weighting factors can be
used for future projects of the same type, which
can be a great asset to the project team. Estimated
values of these factors and of risk factors are only
as accurate as the data on which they are based.
Such data may be immensely useful in the process
of decision making, both during the project itself,
in order to respond to risks proactively, and when
making decisions about starting or discontinuing
development of a particular product.
The research offers a study of the risk assessment process as perceived from the perspective of
the project team. Therefore, the selected techniques
for the assessment of risk factors are adapted to the
level of competence of a project team and represent an upgrade of the already established project
activities. This ensures the efficiency of project risk
management by using available resources, without
having to compromise other project activities. Although the focus of the study is on the project team,
the model can be tested by mathematical simulation
and/or experts’ evaluation. Even though the intention of the authors was not to dwell on this in the paper, there is much scope for further research in the
line of covering the abovementioned aspects and
providing a comparative analysis and comments of
the results obtained.
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Abstract
This paper summarizes the results of the analysis of selected physical, chemical and mechanical
properties of paper. Paperbacks were made from
commercial papers of different basic weight, defined by Standard grades of recovered paper. The
specific properties of paper cause changes of the
adhesive joint strength during artificial ageing process. Paper is polymer material, paper viscoelastic
behavior describes its mechanical properties. Paper has properties which are intermediate between
those of an elastic solid and a viscous liquid. The
elastic solid which is deformed by the external force
stores all the energy which it obtains from the work
done by the external force during deformation. On
removal of external force the energy is then available to restore the body to its original shape. In the
research it was found that elastic properties of paper
have direct influence on the adhesive joint strength
after moisture-low heat ageing over period of time.
The assessment of the adhesive joint strength was
made by statistical linear regression method.
Key words: adhesive joint strength, text block,
binding edge, paper permanence
1. Introduction
Paperback is almost exclusively adhesive
bound with hot-melt [1] and bound in stiff paper. Paper grades directly influence to successful
bound strength to provide extra binding strength
and durability. The paper quality has major influence on the adhesive joint strength. Spine edges of
loose leaves might provide good binding strength.
The strength of adhesive joint, depend both on
adhesion of adhesive adherents and cohesion of
the adhesive film. The subject of this research is
1024

to find out influence of specific paper properties
on adhesive joint strength during long time period
simulated by artificial ageing. Paperback bonding
strength depends on mechanical properties of paper after ageing process. The essential nature of
paper structure has strong influence on a change of
the adhesive joint strength. Machine-made paper
always has anisotropic structure where more fibers
have an alignment close to the machine-direction
(MD) than close to the cross-machine direction
(CD). The position of each fiber is independent
of all the other fibers. Therefore the bounding degree of the fiber network controls the mechanical
properties of paper or viscoelastic behavior of paper. [2,3] Viscoelastic behavior of paper may have
direct influence on higher mechanical strength of
loose leaves into Paperback. Furnish and papermaking effects have influence on bonding degree
of the fiber network. Hence furnish properties
induce in the tensile strength of paper. Layered
structures of paper are often weaker than uniform
structures, because failure may easily localize at
the interfaces. [3] On the other hand the hygroexpansivity of paper arises from the swelling of fibers, when their moisture content changes. Hygroexpansion of machine made paper in CD is typically 3-5 times larger than in MD. The cellulose fibers expand approximately 1% in the longitudinal
direction (MD) of fibers and approximately 20%
in the lateral direction (CD). [2] The loose leaves
expand in lateral direction through Paperback
width [3] and cause changes to the adhesion joint
strength. The moisture content of paper depends
on relative humidity of air and equilibrium temperature is determined by PRAH thermodynamic
relationship. [4] The moisture content of paper depends on the papermaking pulp.
The first step in bond formation involves
spreading the adhesive over the paper surface.
Volume 6 / Number 4 / 2011
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The physical application of the hot melt adhesive
involves perfect binding technology. After adhesive application, a combination of open and closed
assembly times is used depending on the specific
bonding process. In the bonding process, pressure
is used to bring the surface closer together. The
adhesive has to flow over the bulk surface into
voids caused by the paper roughness. Many factors controls the wetting of the surface, including
the relative surface energies of adhesive and the
paper, viscosity of the adhesive and temperature
of bonding. Hot-melt adhesive is used due to its
ability to form bonds quickly. Rapid bound is
valuable for manufacturing operations, because
minimal clamping times is needed for assembly.
The bounding process accelerated by cooling that
turns the molten polymer into a solid. The polymer
molten phase enables the wetting of bulk surface.
Upon cooling its recover strength as the polymer
film melt solidifies.[5]
2. Experimental
2.1 Raw Materials
The paper samples in this study were commercial paper. Prior to Paperback binding process,
specific paper properties were measured. The paper samples conditioning were performed in compliance with Standard ISO 187, over 24 hours. [6]
Paper basic weight, thickness and bulk were measured according to Standard. [7,8] In addition, the
tensile strength with constant rate of elongation of
Machine-made paper was tested. [9] The determination of the ash content at 900°C was performed
on paper grades. [10,11]. Machine-made paper surface properties influence significant on Paperback
binding strength. The property of additional paper
furnishes significantly influence on bond formation. It involves spreading the thermoplastic adhesive over the paper surface. Hence the paper
surface roughness, water absorptiveness and capillary absorbency were determined. [12,13,14] Arithmetic mean is calculated on the base of ten measurements, for lower (B) and upper (A) side of
paper grades separately.

Volume 6 / Number 4 / 2011

2.2 Preparation of Paperback Samples
Each one of five Paperback samples was made
from Paper A+, Paper B and Paper C+ (Table 1).
The Paperback spine treatment conditions were
identical for different paper grades. The perfect
binding process was performed under standard
conditions according to ISO 187 using thermoplastic adhesive. Thermoplastic is capable of melting
when heated and returning to a solid when cooled.
The melting point is influenced by the combination of ingredients, Ethylene vinyl acetate (EVA)
copolymer grades and tackifying resin contained
in the system. EVA copolymer is the main ingredient in the system and basically influences on adhesive viscosity characteristics, cohesive strength
of dry adhesive layer film, adhesive flexibility and
adhesive strength. EVA copolymer contains 28%
vinyl acetate and 40% Ethylene. Vinyl acetate
contents generate stronger adhesion and flexibility of thermoplastic adhesive. Hydrocarbon resins are almost always incorporated into adhesive
formulation (8-25%), they are more heat stable.
Resins provide flow, hot-tack, adhesion and wetting. [28] The bonding process involves melting
of thermoplastic while in contact with the adherent (text block spine), and allowing this joined
structure to cool. The bonding surface mechanism
is primarily a mechanical interlocking process. It
depends more on paper grades morphology and
less than adhesive composition. Adequate bonding is achieved by bringing the adhesive to the
right viscosity range according to the process
thermoplastic bonding window. [15] The bonding
process parameters are heat, pressure (clamping
effect) and open drying time. [16] All parameters
are interactive, and user may change one variable
against another. For example, bond time can be reduced if the temperature or pressure is increased.
Time can be reduced to a minimum, even down to
milliseconds, if both pressure and temperature are
increased. The level of pressure is maintained during the bonding process. Thermoplastic adhesive
has non-Newtonian fluids characteristics due to
high molecular weight of EVA copolymer. NonNewtonian fluid exhibits a deviation from the linear Newtonian relationship between shear stress
and rate of shear strain. Rotational viscometer is
determines shear-rate dependence of substances.
1025
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The viscosity was calculated based on the relationship between shear stress and shear rate. Viscosity was determinate in accordance with standard [17] by ISO-Viscometer 550 with Plate Cone.
The viscosity results were expressed in Pascal
seconds [Pa*s]. Arithmetic mean is calculated on
the base of three measurements. (Adhesive type:
Planatol HM 6010; T = 170°C; h = 2965 Pa*s;
Muller Martini Pony5/capability: 600 Paperbacks/
hour; strong clamping effect).
The specification of unprinted Paperback sample is 15cm (width) x 21cm (length) x 64 leaves
(volume). The paper grain direction runs parallel
with Paperback height.
„Flat-back“adhesive binding is a method of adhering loose leaves together at the binding edge
into text block. [18] The text block spine is completely filled (at the head to tail) with rigid adhesive. The loose leaves are locked in fixed spine
without radius. Hence paperback volume and adhesive joint strength are proportional. Arithmetic
mean is calculated on the base of ten measurements, each Paperback grade separately.
2.3 Method of Paperback Sample accelerated
ageing
The Paperback samples were exposed to artificial ageing procedures. The moisture-low heat
ageing at 23°C and 90%RH was performed according ISO 9142 [19] for 1 and 2 years by Arrhenius kinetic theory [20]. The dry-heat ageing procedures at 80°C and 65%RH (ISO 5630-3) [21] has
negative influence on the adhesive joint strength.
Thermal degradation of thermoplastic adhesive is
established.

2.4 Measurement of the adhesive joint strength
The adhesive joint strength is appropriate measure of paperback binding strength. A binding endurance test (pull test) determined the force required
to pull a loose leaf from text block. Its purpose is to
determine the adhesive joint strength of the method
used to secure the loose leaf of text block. The loose
leaf is pulled with uniform force along its binding
edge length. The paperback is clamped into position by the bottom jaw of the testing device with
a loose leaf held in a vertical position by top jaw.
The jaws are separated and the force required to
tear the loose leaf or pull it from adhesive-thread
layer is measured. The total load force is divided
by the loose leaf length in centimeter to give the
loose leaf pull unit of measurement as N/cm. [16,
22
] The result Fz (N/cm) was compared with a rating
of adhesive joint strength (bad, sufficient, good and
very good binding strength) according to FOGRA
guidelines for page pull test. [23, 24] The local tensile
stress and tensile strain under given load conditions
in the adherend and adhesive was determined by
analysis of bonded joint. The Paperback binding
quality was tested by Martini Tester tensile device,
Model VA. The pull test results are represented as
the Tensile Index (Nm/g), due to comparative paper
grade tensile strength and Paperback grade binding
strength.
3. Results and discussion
The high paper grades properties results are
presented in Figure 1. White uncoated (Paper A+)
and Triple coated paper (Paper C+) are made from
bleached chemical pulp where lignin is removed.
[25]. Wood containing paper (Paper B) is made from
low yield pulp that contains lignin. The results of

Table 1. Measurement of the adhesive joint strength
Paperback Samples
Ageing process
t/year
0 (before ageing)
1
2

Paper A+
10,47
9,61
9,41

Paper B
*Tensile Index [Nm/g]
10,10
10,29
11,51

Paper C+

*Mean values were calculated from 50 measurements for each Paperback (10 loose leaves x 5 Samples)
1026

4,39
4,70
4,55
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basic weight, thickness, bulk and surface roughness
measurements can be explained by the fact that is
bulky paper. Paper A+ formation includes in addition of cellulose fibers, fiber fragments (micelles)
and mineral fillers [3] correspond with ash content,
paper surface roughness and paper basic weight
results. The significant ash content result and significant low surface roughness result are caused by
Paper C+ surface coating pigments. Paper made
from chemical pulp (Paper A+) higher basic weight
and bulky paper lower basic weight (Paper B) give
almost equal tensile strength results. The material
components distributions through Paper A+ thickness contribute its mechanical properties. Triple
surface coating of Paper C+ cause tensile strength
result reduction mostly through paper machine
direction due to furnish and papermaking effects.
The results of surface roughness and surface water absorptiveness measurements were expressed
separately for the lower (B) and upper side (A) of
paper grade samples. The extremely high surface
roughness result can be explained by the fact that
bulky paper has poor formation. Long fibers give
high roughness because of their high mass. Fibers
are also often more coarse than short fiber. Paper
thickness increase with fiber coarseness through fiber reduced flexibility. Coarse fibers therefore yield
a particularly rough paper surface. [3] The Paper
A+ surface roughness reduction is consequence of
short fibers through the lower average fiber mass
and higher amount of fillers and fines in surface
layer and through paper thickness direction. The
paper surface roughness is important factor particularly in Paperback adhesive binding. The viscous
thermoplastic adhesive transfers to paper only in
areas where the adhesive layer film makes contact
with the paper. Macro roughness (0,10-1,00 mm)
on paper surface have significant contribution the
strength of adhesive joint. [3] The high grade paper often coated to improve their printing properties. Surface chemistry or paper sizing involves the
application of water soluble polymer. [25] Significant increase of surface absorptiveness in the case
of uncoated Paper A+ can be explained by paper
thickness and paper no-sizing. Reduction of surface
polymer film contributes higher water absorption
in a given time of 120 sec. Exceptionally of water
abortiveness of triple coated Paper C+ can be explained by surface coating porousness.[3]
Volume 6 / Number 4 / 2011

Surface absorptiveness of bulky paper is lower
in relation to its surface roughness due to lignin
contents. [25]
The capillary absorbency results in the case of
bulky paper and triple coated paper is not significant due to paper sizing characteristics. On the
other hand, reduction of capillary absorbency can
be explained by Paper A+ furnish characteristics
and papermaking effects. [14]
Adhesive joint depends on the condition of the
adherent surface. That is particularly important
when adhesive joint is exposed in environmental
condition such as humidity. The consideration of
adhesion assembly is important factor of the adhesive joint strength. Mechanical resistance of paper
during the ageing process depends on moisture
content. The Paperback adhesive binding strength
changes can be explained by paper mechanical
properties in moisture-low heat ageing over period of year. The mechanical properties of paper
reflect the intrinsic chemistry, morphology and paper structure. [27] Paper permanence describes its
mechanical properties after ageing. Paperback adhesive joint strength (adhesive binding strength)
can be explained by paper permanence.
Tensile strength results of high grade paper are
presented in Figure 2. The paper intrinsic chemistry contributes to change the Paperback adhesive
joint strength. Paper thickness, surface roughness,
surface absorptiveness and paper tensile strength
are parameters which directly contribute to increase
Paperback A+ adhesive binding strength. Certain
increase in adhesive joint strength corresponds
with Paper A+ tensile strength. Generally Paper A+
thickness properties contribute to mechanical interlocking adhesion. The loose leaves regular cavities
contribute to mechanical keying of rigid adhesive.
[28] On the other hand adhesive binding strength
of Paperback A+ is moderate decrease after moisture-low heat ageing. This unexpected result can
be explained by thickness paper increase due to
moisture exposure. The increase in paper moisture
content causes high ambient relative humidity and
cold conditions. Paper permanence contributes to
increase Paperback A+ adhesive binding strength,
expressed as rating of adhesive joint strength by
FOGRA guidelines for page pull test. The decrease
in the Paperback A+ tensile strength can be explained by expansion effects of loose leaves length
1027
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Figure 1. Charters - High paper grades [26] properties before ageing
Table 2. Paperback (loose leaf) - extension in lateral direction
Paperback Sample
Ageing process
t/year
0 (before ageing)
1
2

Paper A+
2,07
2,20
2,30

Paper B

Paper C+

*Strain rate e (%) of paper in cross direction
1,90
2,17
1,94
2,20
2,14
2,20

*Mean values were calculated from 10 measurements
1028
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binding edges. Paperback fixed spine, without radius becomes bulky. The adhering loose leaves separate from rigid thermoplastic adhesive.
Increase of paper surface roughness, bulk and
paper tensile strength have positive influence on
rating of Paperback B adhesive binding strength.
Paper B tensile strength is main contributor to Paperback adhesive binding. Bulky paper surface
roughness contributes extremely to mechanical
interlocking adhesion. [28] The adhesive binding
strength of Paperback B after moisture-low heat
ageing over period of year is significantly increase
due to its viscoelastic behavior [29]. The Paperback
B adhesive binding strength increases after ageing
due to content of wood (lignin and hemicelluloses) [3]. The adhesive binding strength is higher as
consequence of better Paperback loose leaf extension in lateral direction (Table 2). Bulky paper poor
composition and surface absorptiveness reduction
contributes to increase of strain rate results.
Uncoated Paper A+ and Triple coated Paper C+
strain rate results are not significant in relation to
bulky Paper B. The increase of ash content and
surface roughness reduction contribute mostly to
strain rate reduction (Tab.2). Triple coated paper
is not extensible in lateral direction after ageing
over period one and two year, due to high content
of surface pigment particles. On the other hand the
increase of ash content causes Paperback C+ binding strength reduction. Pigment particles cause
mechanical interlocking adhesion reduction. The
fact is that loose leaves cavities are contaminated
with pigment particles after binding treatment.
Therefore Paper C+ tensile strength and thickness
mostly contribute to a rating of Paperback adhesion binding strength. Generally paper permanence contributes to Paperback adhesive binding
strength after ageing. Determination of paper viscoelastic properties like tensile strength and strain
rate is useful for Paperback assessment after ageing over period of year.
4. Conclusions
Figure 2. The most interesting correlation relationship between Paperback adhesive joint
strength and moisture-low heat ageing
Volume 6 / Number 4 / 2011

Generally the Paperback ageing conditions
have positive influence on mechanical properties
of paper. Therefore paper permanence contributes
to Paperback adhesion binding strength after mois1029
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ture low-heat (23°C/RH90%) ageing over period
of one and two year. For the Paperback samples in
this research, the surface roughness was main contributor to increase of the adhesive joint strength.
This was further confirmed by results of paper
bulk, paper thickness and paper tensile strength
measurements.
On the other hand, the ash content has caused
the reduction of the adhesive joint strength. This
was further explained by high grade paper composition and furnish amount (fillers and surface
coating pigments). The increased of ash content
that caused decreased surface roughness have Paperback adhesive joint strength reduction (triple
coated paper) as consequence. Uncoated paper
mostly contains short fibers, and surface roughness reduction is caused by increased amount of
fillers. The increasing of paper thickness contributed paper surface absorptiveness, higher moisture content into paper and Paperback adhesive
joint strength reduction after ageing. On the other
hand, bulky paper consists mostly from fibers with
lignin. The fiber types and paper structure contributed to increase of paper extension and Paperback
adhesive joint strength after ageing. Generally the
efficiency of Paperback adhesive binding strength
can be observed from paper viscoelastic properties results.
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Testing a Theoretical Model of
factors affecting attendance
football spectators in Iran
Nemat Nemati, Farshad Tojari
Islamic Azad University, Centeral Tehran Branch, Iran

Abstract
The purpose of this study was to examine effective factors on the presence of spectators in Iranian football Premier League matches. 1500 spectators over 15 years old were randomly selected
with proportional allocation. They completed the
questionnaire which was made by the researcher.
The results from Structure Equation Modeling
(SEM) indicated that economic factors (ticket
price, parking cost, transportation and nutrition
cost), Attractiveness factor (star players, playing
attractive, support of team, team tournament results and results being unpredictable), planning
factor (careful planning, game time and location,
weekend game, weather conditions and parking
availability) have significant correlation with the
presence desire of spectators (p<.01). But incentive factor (entertainment, prizes and gifts, media
and advertising) doesn’t have significant correlation with a tendency to present (p>.01).
Key words: spectators, football, structure
equation modeling
Introduction
This question that which factors have effect on
the spectators’ presence in sport events is regarded
an important question for sport marketers. Because
increase in spectators’ presence has a direct relation with the income rate in sport events directly
or indirectly. Ticket sale is considered one of important income in sport professional events (2). It
is necessary for marketers to recognize spectators’
needs and motivations. Sport marketers must have
correct recognition of different spectator groups
1032

to spend their limited resources properly and on
the based of existing priorities to gain highest efficiency of their marketing activities. Determining
which factors have the most effect on spectators
for attending in sport event will allow marketers to
attract more potential spectators reviewed the special strategies (3). Factors that have effect on presence in sport event are based on spectator behavior. Many studies have investigated internal and
external factors that affect the spectators’ presence
in sport events, including attractiveness factor of
sport events such as game quality, the presence
of star players, breaking the previous record and
result (9, 19, 31). Incentive factor like the color
of team’s cloth, entertainment, advertisement and
reward (7, 10, 13). Economic factor such as ticket
price, seat price and suitable location, transportation cost, parking and nutrition cost (3, 28, 21, 17).
Planning factor such as access to Stadium, game
time, weekend game, announcing tournament
program in early season, no change in announced
plan (4, 20, 25, and 8). Emotional factor such as
motivational variables, team identity, victory on
behalf, discharging mental energy, and excitement
(20, 27, 34, 21). Demographic factor such as gender, marriage status, family economic status and
education (24, 28).
Pease and Zhang (2009) found in an investigation about the effective factors on presence of
spectators in American basketball professional
league that three factors such as economic, attractiveness and planning are the most effective
factors. (26). Trail, Anderson, and Fink (2009) designed the theoretical model of sport spectators’
behavior that this model consisted of four factors
including incentive, economic, attractiveness, and
the factor related to stadium. (29).
Volume 6 / Number 4 / 2011
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The aim of this investigation was to answer the
following question:
Which factor has effect on presence of spectators in Iranian football Premier League matches?
And according to analysis of answers, one factor
will be suggested. Thus with the regard to Kaski method (1994), Pease and Zhang (2009), Lee
(2006), and the results of investigations, the preidentified theoretical model has been presented.
Therefore this study has tested the hypothesis
about the fit of the proposed theoretical model
with data using Structural Equation Model.
Methodology
Research method is practical and in the terms
of data collection was correlation of Structural
Equation Model kind.
Participants
Research population was all spectators of ninth
football Premier League tournament of Iranian
clubs, who have obtained match tickets attended at
sport stadiums. And according to Premier League
announced statistic, average total spectator per
week was 150 thousand people which based on Cochran sampling formula total sample size was 1060
persons. However, the researcher for reducing sam-

pling error increased the sample to 1500 people.
Determined sample by classification random and
proportional allocation method among all stadiums
where matches were held completed the questionnaire. For example Azadi Stadium which its average of spectators was 35000 people per match, 350
spectators completed the researcher questionnaire.
Data Collection
According to similar studies Hansen and
Gautheir (1989), Kaski (1994), Lee (2006), and
corria and esteve (2007), the researcher’s questionnaire was used to determine the effective factors
(incentive, attractiveness, planning, and economic)
on the desire of spectators to attend in Iranian football Premier League. The questionnaire consisted of
Spectators’ demographic information (5 questions),
factor effecting attendace (21 questions including 5
questions of incentive factor, 7 questions of attractiveness, 6 questions of planning, and 3 questions
of economic factor), desire to attend (3 questions),
and presence intention. Likert scale of five values
(the importance of quite low to very important)
was used to answer the questions of effective factors on presence, willingness to attend and presence
intention. Objective scales were used to answer the
questions of spectators’ demographic characteristics. Two methods also were used to evaluate reliability of assessment. The level of reliability was

Figure 1. The structural model for the relationships among incentive, attractiveness, planning, economic, desire to attend and intention attendance
Volume 6 / Number 4 / 2011
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reported 90% from Cronbach's alpha and 6% from
composite reliability formula presented in the literature of structural equation modeling (high coefficient is considered structural in equation). (1, 2).
At first after developing the initial framework of
questionnaire for evaluating it, the viewpoints of
15 experts (professors and PhD students of sport
management, the officials of stadium and Football
Premier League organization were used to evaluate content validity, and necessary reforms were
performed. the analysis of exploratory factor and
specifically, the index of factorial validity of questionnaire was done to determine construct validity.
the construct validity of assessment was confirmed
after the removal of a question of planning due to
lack of operating factor less than 0.3. (1, 2).

Results
Descriptive Findings
Results showed that 73 percent of spectators
were unmarried and 65 percent of them had less
than 30 years. The education of more than 60
percent was diploma or less than it. 38 percent of
them were employed and 62 percent had income
below 400 dollars. The descriptive findings about
the hidden variables showed that the relation between all variables and factors were significant
and confirmed. The highest average of variables
was related to attractiveness factor and the lowest
was related to economic factor (Table 1).
Results of Exploratory Factor Analysis

Statistical Methods
Descriptive statistics were used to describe the
data of participants’ demographic characteristics
and research variables. Structural equation test
was used to test the theoretical model proposed
in the study. Data were analyzed with confidence
level of 95 percent and Lisrel 85 software.

Operating variables for classification based on
data extracted from the 1385 questionnaires, factor analysis was performed many times that its
outputs are in Table 2, respectively.

Table 1. Statistics Description variables of factors and evaluation among factors and variables in model
factors

variable

x

1.69
3.68
2.74
incentive
2.86
4.03
4.35
Record on the opposition
attroactive of game teams 2.95
playoff potential starplayers 4.74
attractiveness on home team starplayers on 4.99
the opposition game with a 3.94
rival team record breaking 4.47
(win-loss) record
2.57
3.17
3.37
Wather condition game
planning
time location accessibility 2.53
weekend day game
2.46
3.47
1.99
Ticet price
economic
transport&nutritionfee
2.03
Design & color uniforms
entertainment
event publicity
Give away/prize media
advertising
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Std.
Std.
deviation coefficients
0.95
0.71
0.82
0.84
0.73
0.68
0.82
0.65
0.68
0.83
0.66
0.92
0.77
0.92
1.11
0.85
0.93
1.05
0.94

0.35
0.90
0.87
0.91
0.93
0.69
0.74
0.76
0.57
0.80
0.83
0.85
0.97
0.93
0.84
0.82
0.87
0.88
1.23

R²
0.12
0.69
0.76
0.77
0.72
0.42
0.56
0.55
0.50
0.65
0.63
0.63
0.84
0.81
0.77
0.65
0.73
0.45
0.94

Std.
T- value Result
error
0.045
0.024
0.014
0.019
0.015
0.057
0.031
0.035
0.054
0.022
0.033
0.021
0.028
0.024
0.032
0.070
0.043
0.040
0.019

7.80
37.59
64.25
27.76
61.24
12.07
23.88
21.40
10.60
35.94
25.01
41.12
38.50
38.83
26.33
11.67
20.49
21.87
66.30

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
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Table 2. Results of Exploratory Factor Analysis

Variable number
KMO test
Bartlet test
Factors number
Variances of the total(%)
Factor loading mean
Omit variable number

Desire to
attend

Intention
attendance

20
0.827
0.0
4
71/725
0.765
1

4
0.795
0.0
1
67/375
0.782
0

KMO test which is called the index of sampling adequacy is an indicator that the observed
correlation values will compare with partial correlation values. Small values of KMO indicate that
the correlation between pairs of variables can not
be explained by other variables. When the index
value is greater than 0.6 factor analysis can easily
be done. According to what was said KMO test
number should be higher than .6 and the significance of Bartlett test should be less than 0.05. (2).
Variances of the total table shows that the variables can be converted to several factors and these
factors cover and explain the percentage of variance in the desired operating areas and show the
validity of the questions.(greater than 0.6). Predictive power of model was obtained based on the
explained total index variance that this index for
four extracted factors related to presence willingness was 71.72 percent and for presence intention
was 67.37 percent.
Factor rotate matrix shows that what questions
and how defined factors are related to factor loadings. Based on the results of specific factor loadings, coefficient values are less than 0.3, show
some questions of the questionnaire that are not
sufficiently enough and should be eliminated from
the total questions. Accordingly, the sixth question
of planning with load factor 0.2 was removed. Incentive, attractiveness and economic factors for
higher factor of 0.3, no variable was removed.
Continued to remove this question, factor analysis
was performed again.
SEM Results
Calculations performed with factor analysis detected, four factors including economic, planning,
Volume 6 / Number 4 / 2011

incentive, and attractiveness were effective on the
spectators’ presence. Then it is discovered structural equation models based on fitted and certain
assumptions that observed the relationships and
correlations between variables Fit indices were
used to test whether the model is an appropriate
model.
Table 3. Fit Index for examination SEM model
index
value

x²
217/51

df
240

GFI
0.90

RMSR
0.058

CFI
0.99

According to the index values presented for this
model, as will be seen, fit indices of GFI, NFI, IFI,
and CFI were greater than 0.9 and RMSEA less
than 0.8 and index value of RMSR less than 0.10
that confirmed the validity of this model. Thus this
model achieved the desired level of fitted and on
the basis of this model can confirm the obtained
structure from SEM model.
In the above chart each standard coefficient
shows the relationship of desired factors with
each other. Since all study coefficients were
positive, the relationship between present factors in model is direct. Just about the relationship between economic and willingness factors
relationship mark was negative that indicates the
inverse relationship of these two factors. That is,
with the increase of economic factor importance
will decrease the spectators’ willingness to present. Therefore present costs including ticket and
transportation costs should be reduced to increase
the tendency to attend. These significant coefficients have studied in next section. The purpose
of this part is the determining the relationships
between factors and studying the hypothesis.
Each factor respectively, includes error variance
components, standard coefficient, R 2 value, and
standard error and T- value.
On basis of the results of structural equation
There wasn’t a significant relationship between
incentive factor and presence willingness. (p>.05).
There was a significant relationship between attractiveness factor and presence willingness
(p<.01). There wasn a significant relationship between economic factor and presence willingness
(p<.05). There was a significant relationship between presence willingness and presence intention
in the future (p<.01).
1035

technics technologies education management

Figure 2. Lirel model for the relationships among incentive, attractiveness, planning, economic, desire to attend and intention attendance
Table 4. Evaluating the Relationship between Factors and Studying Research Hypotheses
factors
Desire to attend

incentive attractiveness
planning economic

Intention attendance

Desire to attend

Discussion and Conclusion
There was a significant relationship between attractiveness factor and presence willingness. This
result is consistent with other research findings such
as Suansun and et al (2009), Pease & et al (2009),
Hong & et al (2005), Di Scheriver & Jenson (2002),
Zhang & et al (1998). (28, 26, 13, 9, 34). Bouyan
Woo & et al (2009) divided spectators’ motivation to
attend in sport events into two categories, fans’ motivation and spectators’ motivation. Spectators’ motivation was related to exercise social identity and
match attractive factors such as technical quality
of games, star players and entertainment. But fans’
motivation emphasized in line with team identity
and strong support from the favorite team (31). The
results of fans’ motivation sector of Boyan Woo’s
research are consistent with these results, but in the
spectators’ motivating did not correspond with the
results. This is perhaps because the majority of the
spectators simply was not a simple spectator and
1036

Std.coenfficient
0.15
0.25
0.14
-0.18
0.93

R²
0.35
0.35
0.35
0.35
0.87

Std.error
0.099
0.077
0.045
0.080
0.13

T-value
1.50
3.24
3.11
-2.25
7.14

was considered as fans. They had team identity and
their main presence was supporting their favorite
team. This matter can be clearly observed in spectator rate different in the different stadiums of country.
The highest and the most passionate spectators belong to history and rooted teams of country so that
these teams have root in history, culture and traditions of a city or region and remind the presence of
eminent and well-known players and coaches, and
each these teams has brilliant history and numerous
official championships. In Iran some teams such as
Persopolice, Estaghlal, Teraktoorsazi Tabriz, Shahin
Booshehr, Aboomoslem Khorasan, Sepahan Eafahan, Malavan Bandar Anzali belong to this group and
naturally have large and enthusiastic spectators who
attend in stadium to support their favorite team. Thus
the presence of star players on the team, the team recent tournament results and technical quality of their
favorite team have a great role in their presence. But
on the other hand, some teams such as Peykan Qazvin, PAS Hamedan, Saipa Karaj, and Saba Qom,
Volume 6 / Number 4 / 2011
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have small and no motivation spectators Since they
don’t have root in history and culture of the region
or city. Thrill and his colleagues (2009) divided attractive factors of sportevent into three categories,
attractive factors related to the stadium (the stadium
design, stadium staining, and the quality of turf),
attractive factors related to the team (the presence
of star players, the results of recent competitions of
team and team position in the table) and attractive
factors related to competition (game technical quality, derbi game, more goals per game and unpredictable results)(29). In this analysis, they found that
the attractive factors related to team, game and stadium have great importance, respectively which are
consistent with the results of this study. On the economic factors the results of Kim and Lee research
(2004) are consistent with the results of this study.
So that in this study also spectators who attended
less than three games in the first half of season had
less monthly household income. Economic factors
had an important role in their willingness to attend.
On the contrary, those who attended with more than
six games in the half of season had more income.
And economic factor didn’t have a significant relationship with their willingness to present. Since
more than 50 percent of respondents watched less
than three games in the first half season and they
were not in good economic condition. In general,
economic factor had a significant relationship with
the tendency to present.
If the present costs reduce by reducing ticket
prices or presented awards, this group of spectators who consist of more than 50 percent of respondents, will have more opportunity to present
in the stadiums (17). The findings of Lim and Colleagues (2009), and Abel corria & Steeve (2007)
about Korean League showed that economic factor such as ticket and transportation prices didn’t
have a significant relationships with the willingness to present that is inconsistent with this research findings(21, 3). The cause can be searched
in the spectators’ level in terms of income, age,
and education in these countries. Since the ticket
price in Korea and Portugal is more than that in
Iran, and with regard to their spectators have better income, but the economic factor is not considered an obstacle for their presence.
The results of this research about incentive factor are not consistent with the findings of Hong
Volume 6 / Number 4 / 2011

& et al (2008), Woon & Kitamura(2006), Brown
Vold & et al (2007) ( 14, 32, 7). But they are consistent with the findings of Mathius & et al (2010),
a part of findings of Grinweel & et al (2009) (11,
23). Mathius & et al (2010) stated that though media advertising, prize and gift donating, bet, and
entertainment that are considered incentive factors have a great importance for the spectators, but
these factors don’t have present significant relationship with the willingness to present, and this
shows that the presence of spectators is related to
other important factors in the competitions(23).
The results of this study show though the items
related to incentive factor are important for the
spectators (except design and color of cloth), but
these factors don’t have a significant relationship
with the willingness to present. Perhaps the cause
can be searched in the findings of Grinweel & et al
(2009)(10). They found that incentive factor only
for those groups of spectators who just come to the
stadiums for entertainment and excitement even
when they are fans of a team, don’t have special
bias to it, has a strong relationship with the willingness to present. But spectators who are biased
fans of a team, incentive factor isn’t important for
them, and it has no significant relationship with
the tendency to present. We can conclude from
this discussion that the majority of the spectators
of Iranian football Premier League make up of fanatic fans of teams that the other factors except
incentive factor are effective in their presence. So
if you want to keep these spectators, we initially
take in to account other factors that have a significant relationship with the tendency to. But if we
want to reconcile other people who are interested
in football game and sport, but don’t have specific
bias to a team with the stadiums, we should focus on encouraging factor and do more work on it.
According to Brown Vold & et al (2007) we can
use the distribution of music in the appropriate
time in the stadium, or happy and arrange fun programs for them or lottery can be made according
to ticket numbers between them and some prizes
and gifts can be awarded to them (7). According to
Won & Kitamura(2006) to increase their presence
as a family, incentive factor should be increased
in the stadiums and it is better to do this on their
own opinions(32). Jeffry & et al (2004) discussed
this matter from another perspective. They found
1037
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that the sport leagues without revenue, and lower
levels of sport, the motivation of being spectators
more on the basis of related factors to exercise.
Respondents were stronger in the motivations related to exercise( entertainment, skill, and team
effort) than other motivations such as their own
definition motivations ( victory, emotions, and
team dependency) and motivations associated
with private benefits (social and family interaction)(15). The results of this research about the
planning factor are consistent with the findings
of MC Donald & et al (2008), Lee (2004), and
Wakefild & et al (2005) (25, 20, 4). But they aren’t
consistent with a part of findings of Carro & et al
(2009), Wakefild & et al (2009), and Ross (2007)
(8, 30, 27). The findings of Carro & et al (2009)
indicated that the spectators who are considered as
fan come to stadium for supporting their favorite
team. Planning factor does not have a significant
relationship with the tendency to attend, and these
groups of spectators at any time and place attend
whenever competitions take place unless other
factors that affect their presence including attractiveness and social factors become the reason of
their absence(8). These findings are not consistent
with the results of this research and it was determined in this research that with regard to most of
spectators of Iranian Premier League were biased
fans of teams but planning factor had a significant
relationship with their willingness to present. The
cause should be searched in planning factor itself
in Iran and Spain football League. Since soccer
leagues in Spain and other European countries
benefit from very coherent planning and the full
plan of games become ready before the start of
the season and even as far as possible the game
time does not change and tournaments are mostly
held on weekends. The spectators don’t have correct understanding of the lack of program and it
is suspected that changing the game plan and do
the games during the week will gradually decrease
their attendance. But the spectators are fully aware
of poor planning and its effects on their presence.
The findings of Wakefild & et al (2005) showed
that planning factor had a significant relationship
with the willingness of spectators to attend who
had high social and occupational status. But it
didn’t have a significant relationship for the spectators who had the lower economical and social
1038

level. Ross (2007) confirmed Wakefild’s findings
and stated that the spectators with high education
and income and those attend with their families
in the stadium show a significant relationship between planning factor and the tendency to attend,
but on the other hand spectators who are single,
with low level of education, occupation, and income show a meaningless relationship.
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Abstract
The genetic classification of some significant
occurrences of mineral, thermal and thermo mineral water deposits of Bosnia and Herzegovina has
been presented in the paper. It has been made on
the basis of Ivanov V. V., Nevraev G. ’s genetic
classification dating from 1964, namely 1977. After numerous and adequate tests at international
level, this classification has been accepted by the
Commission on Mineral Waters of International
Association of Hydrogeologists ( IAH). The aim
of the paper is to present how their classification
takes into consideration all basic types of mineral
waters, regardless of their occurrence location and
practical significance, thus it can be applied to any
continents. All previous detailed geological, hydrological, as well as numerous other multidisciplinary explorations of many years conducted by
a large number of researchers, with specific methods and results of explorations, together with the
analysis and the synthesis of them, have been used
as a basis for this paper completion.
On the territory of Bosnia and Herzegovina, i.e.
within geotectonoc regions, there have been singled
out some specific classes and subclasses of mineral
waters on the basis of anion and cation compositions, as well as groups and types of mineral waters from the balneological point of view, which
has not been known in practice so far. Our paper
has proved, giving the example of the occurrences
of mineral, thermal, and thermo mineral waters of
Bosnia and Herzegovina (the Federation of Bosnia
1040

and Herzegovina and the Republic of Srpska),one
of the most significant postulates of this genetic
classification, its applicability and adaptability to
various environments, experiences, and needs.
Key words: hydrogeology-balneology, healing-mineral waters, classification, Bosnia and
Herzegovina.
Introduction
There can hardly be found any areas on the territory of Bosnia and Herzegovina where one cannot
discover mineral, thermal and thermomineral waters, at deep or shallow depth, naturally discharging
out of springs or by test drilling. They are significant not only from economical, but from scientific
point of view as well. The exploration of the genesis
i.e. the origin of mineral waters sets more complex
tasks for the science dealing with them. The previous practice has shown insufficient aptitude for this
task, at least in the majority of cases.
Focusing its attention, almost exclusively, on mineral waters and their physical properties and chemical composition, it has neglected key factors, which
determine essential mineral water characteristics.
We have taken into account the fact that geological environment where mineral waters are formed,
imposes on theses occurrences specific, most frequently, special physico-chemical, thermo-dynamic,
hydraulic, morphological and other conditions. Consequently, the basic thing is to know geological characteristics as a basis for mineral water formation. The
Volume 6 / Number 4 / 2011
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complexity of hydrogeological occurrences, factors,
conditions and processes, their dynamics in space
and time could not be interpreted differently. The aspect set in this way should get its confirmation by the
proposed classification and the paper itself.
1. Geological-structural and tectonic
setting of Bosnia and Herzegovina
Lithological diversity of rock masses and their
stratigraphic character point out to the existence
of almost all petrographic rock types, their age
ranging from the Palaeozoic to the Quaternary.
The mutual action with pronouncedly volcanic,
plutonic and tectonic activities, as well as other
events in geological past, resulted in the formation
of specific hydrogeological characteristics.
Rocks of Palaeozoic age, singled out as the oldest ones, form the basis for all remaining geological
layers. They are represented by slate layers, marble,
dolomite, limestone, and clastite with the occurrence of various igneous rocks. The Mesozoic is
represented by Triassic rocks, Jurassic formations
and Cretaceous sediments being widely distributed.
Layers of Mesozoic age are comprised of classical carbonate, volcanogenic-sedimentary and flysch layers. Ophiolite is the main cause for the separation of the Inner from External Dinarides, like
the eugeosyncline which is, in the classical model,
characterized by volcanic synchronous sedimentation in the same space, igneous rocks of diabase
horn formation were considered to be outflows,
synchronous with the deposition at the same place,
thus representing the basis for the classification of
these regions as the inner -“eugeosynclinal” ones.
The term Dinarides was used by Suess in 1985
for the first time. Since then numerous papers have
been written dealing with that complex part of the
Earth’s crust and geology, in general, especially,
tectonics. There have been suggested numerous
partial or regional tectonic schemes (Kossmat
1909, Kober 1914, 1952, Nopcsa 1921, Petković
1961, Aubouin 1974). For a long time the Dinarides have been a favourable place for developing
and testing of geotectonic hypotheses (Dimitijević
and Grubić, 1977). Concerning this, it is clear
that each occurrence of thermal waters in them
is a significant geological facility offering valuVolume 6 / Number 4 / 2011

able data for understanding of geological structure of this part of the Balkan Peninsula. Thereby,
part of the Dinarides south-westward has become
automatically”miogeosyncline” in volcanic-sedimentary formations. The boundary between them
is somewhere tectonic, and at some places defined
by the alteration of facies (Dimitrijević, 1977).
Igneous rocks with mineralization, as well as
coal-bearing seams have been singled out, within
layers of the Paleogene. The occurrence of limestone and clastic rocks, as well as of freshwater
layers, is related to Neogene sediments. Gravel,
sand and the clay of Quaternary age occur as the
youngest ones. Geotectonic units on the territory
of Bosnia and Herzegovina (K. Petković, 1961, B.
Sikošek and W. Medwenich, 1969) are: I-External
Dinarides, I1-Adriatic Para-autochthon Zone, I2High Karst Zone, II Inner Dinarides, II1-Mesozoic
Limestone and Paleozoic Shale Zone, II2-Central
Ophiolitic Zone, II3-Inner Paleozoic Zone, and
II4 Inner Dinarides Belt of Horst and Graben (Figure1). M. Vidović et all (1974) are the authors of
the sketch of mega paleogeographic-geotectonic
category of Bosnia and Herzegovina which mainly matches previously stated geotectonic units.
The High Karst Zone is characterized by “long
longitudinal faults of the NW-SE” strike (B.
Sikošek, 1971) with overthrust. The massifs of
Paleozoic Shale Zone overlie it, while the overthrust of High Karst Zone itself together with the
Adriatic Para-autochthon completely overlies the
Cukali- Zone. Numerous regional faults are present in the Paleozoic Zone. The Central Ophiolitic
Zone, (M. Vidović, 1974) overlies the Paleozoic
Zone while its boundary with the Horst and Graben Zone of northern Bosnia is marked lithologically, orographically, and tectonically in the form
of large faults. The Interior Paleozoic Zone, besides rocks of the same name, is characterised by
effusive Neogene flows. The Tertiary Horst and
Graben Zone of northern Bosnia, in addition to
horst and deep depressions, is also characteristic
of numerous multiphase formed faults.
Consequently, tectonic features of the study area
are characterized by: intensive folding with structure
“compression”, tearing and horizontal movement of
huge masses, lowering of larger or smaller blocks,
discontinuity of sedimentation with the breakthrough of igneous rock masses. This hinders the
1041
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determination of geological structures, their movement dynamics, and their current mutual position.
The consequences of complex geological-tectonic relations are:
A - A1 artesian basins A2 - depressions among
mountains, with minor fissure inter grain
size porosity, slow water exchange within
Cretaceous and Tertiary sediments
B – urban hydrogeological areas with
fissure porosity, complex recharging and
discharging regime in Tertiary-B1, and
Mesozoic – B2 rocks and
C – hydrogeological massifs with karst and
fissure porosity which can be present in a) acid

and intermediate plutonic rocks, vulcanite,
and slate C1, a) basic and ultra basic plutonic
rocks, vulcanite, and serpentinite - C2, and
carbonate rock complex C3 (Figure 1)
2. Zoning of mineral, thermal and
thermomineral waters of Bosnia and
Herzegovina on the basis of structural–
facies zones
As regards the place of occurrence, i.e. discharge, the supposed origin, temperature characteristics of mineral waters of Bosnia and Herze-

Figure 1. Generalized map of Bosnia and Herzegovina

(Mineral, thermal and thermomineral waters in Bosnia and Herzegovina, J. Josipović, 1971, O. Krunić et all.,2011.)
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govina, it can be observed that there are no thermal
and thermomineral water occurrences in southwest miogeosynclines, while north-east eugenosynclines abound in their occurrences. This fact
leads into the conclusion that, on the basis of distribution, the territory of Bosnia and Herzegovina
can be divided into two basic regions of mineral
water: eugenosyncline and miogeosyncline ones.
The large number of the mentioned waters in
the eugenosyncline Dinaride region should be related to the reduced thickness of the Earth’s crust,
reduced geothermal level and deep fault zones.
A. Eugenosyncline region of mineral
thermal and thermomineral waters
1. Mineral waters in horst and graben
zone. They were observed in the farthest southwest part of this zone in the vicinity of Bosanska
Kostajnica (Mraovo polje), Novi Grad (Lješljani,
Ahmetovići, Dragotinja, Zgonjani, Janjetovići),
Kozarska Dubica (Strigova, Jelovac, Mlječanica).
Those are predominantly cold sulphur springs and
saline lands with the yield to 1 l/s. In the village
of Prusci the occurrence with burning gas was
recorded. Mineral waters are highly mineralized
with considerable content of iodine (6 mg/l).
The occurrences of sulphurous water can be
found in the area of Mountain Kozara . H2S most
likely resulted from hydrocarbon activity on gypsum in deeper parts of the terrain at high temperatures. They attract attention owing to the presence
of hydrogen sulphide, ammonium ion, boric acid,
high mineralization and the absence of oxygen. In
the central part of this zone, in the vicinity of the
town of Derventa sodium chloride water type alternates with sodium bicarbonates.
The localities of Gračanica, Tuzla, Majevica,
Zvornik, Vlasenica, etc. are significant in structural facies zone of horst and graben going eastward.
In these waters, in relation to the remaining anions
and cations, it is the content of sodium chloride
that is especially pronounced being highly unstable and conditioned by various factors such as: the
degree of enrichment by solutions, the dilution of
mineralized waters, passed distance, the velocity
of movement over salted overlying sediments. It
is considered that the salt formation in northeast
Volume 6 / Number 4 / 2011

Bosnia is distributed from the town of Doboj, over
Gračanica, Tuzla, and Bijeljina to the Drina River.
M. Jeremić (1963) singled out: sodium chloride
(salt), sodium-chloride-potassium (bitter), calcium-sulphate (insipid), sulphur (native sulphur)
waters and hydrocarbonate ones. M. Luković presents most frequently cold waters, rarely hot ones,
related to Tertiary sedimentary rocks that are coal
and gas bearing rocks. Those are typically iodine,
salt and bitter waters. The iodine content of 9 mg/l
was determined in the locality of Navioci.
2. Mineral waters in Inner Palaeozoic Zone.
The fissuring and porosity of Srebrenica andesitedacite rocks enabled the infiltration of both surface waters and waters from precipitation deposit.
They do not comprise carbon dioxide, and have
high content of iron. Pronouncedly sulphate type
of these waters points out that their mineralization
is the result of metal salt dissolution in the oxidation zone. Micro components in these waters point
out that there are present the same metals that
form ore paragenesis. Numerous mineral springs
in the vicinity of Srebrenica (Veliki Guber, Mala
and Velika Kiselica etc.) are related to fractures
and fissures in mineralized vulcanite.
3. Mineral waters in ophiolitic zone. The
ophiolitic zone, with occurrences of mineral waters whose general characteristics are as follows:
carbon-acid waters, primarily of igneous origin,
although the formation biogenically or by chemical reactions cannot be excluded, stretches southwest of the horst and graben zone, and Srebrenica
Palaeozoic. The genesis and origin of mineral waters is the consequence of the fact that the ophiolitic zone as a whole represents lineaments in the
Dinarides, and acidulous springs mark out faults
and diaper contacts in this zone. Water heating is
the consequence of radioactive emanation, chemical reactions, and oxidation processes (Višegrad
Banja Sspa, Toplik-Rogatica Banja Spa, Olovo
Banja Sspa, etc.) Mineral, thermal, and thermomineral waters in the localities of Banja Luke,
Teslić, Tešanj and Žepča belong to this zone. Sulphate waters of Prijedor Neogene with mineralization are conditioned by the activity of carbon
dioxide to calcium sulphate. Waters of raised temperatures are not rare.
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4. Mineral waters in Palaeozoic slate and
Mesozoic limestone zone. Main features of mineral, thermal and thermomineral waters in this zone
also depend directly on geological characteristics
of this structural-facies zone, as in the previous
one. Those are mineral waters along the Busovača
fault, as well as in the localities of Prača, Goražde,
Foča, Čajniče. Chemical composition frequently
depends directly on litho facies composition, for
example Donji and Gornji Vakuf.
Within stated zones in the eugeosyncline region of mineral and thermal waters, sub zones can
be singled out as well. That would be Tertiary depressions both of fresh and marine water.

3.  Classification of mineral waters of
Bosnia and Herzegovina

The classification of Ivanov’s has not been applied adequately in the world yet, which does not
disparage its significance at the current level of
the problem knowledge. It, among other things,
embraces groundwater as a whole, and especially
mineral, thermal, and thermomineral waters with
general mineralization over 1 g/l or waters with
the raised content of specific components-micro
components of Fe, As, f, B, J, H2SiO3, HPO4,
HBO4, Rn (Table 1). We should bear in mind that
nowadays various mineral waters use 1 g/l in a
large number of countries, especially from balneological point of view. Therefore, a large number
B. Miogeosyncline region of mineral waters of types was taken as thoroughly studied for the
survey in the given classification.
There is a number of geotectonic units, namely
Briefly, the structure of genetic classification
structural-facies zones in this region as well, but only is comprised of: 1.Geochemical and geological
on the territory of the state of Bosnia and Herzegovi- environment and characteristic rock complexes
na, there is the Zone of High Karst (K.Petković).
wherein mineral waters are formed, 2. Basic ion
1. Mineral waters in Zone of High Karst.   and gas composition of mineral waters and speThere are neither thermal waters nor acidulous cific micro components, 3. Likely, the primary
springs in the Zone of High Karst. It is owing to origin of mineral waters, 4. Basic and specific prothe high thickness of the Earth’s crust, (in the vi- cesses of the formation of mineral water chemical
cinity of Mostar 52 km) due to the absence of the composition, 5. Probable temperature of various
fault of deep character and deep karstification. High mineral water types 6.”Impossible” geochemical
mineralized waters in the Lower Neretva River are mineral water types, whose presence is impossible
certainly related to marine water penetration into or almost unlikely in certain geochemical conditions. All stated parameters have been taken into
aquifers of crypto depression character.
account with the classification of the stated waters.
Analogously to separated structural-facies
zonalization of the territory of Bosnia and
Herzegovina, hydrogeological zonalization
can be carried out as well
On the basis of hydrogeological characteristics,
the whole territory of Bosnia and Herzegovina can,
roughly be divided into three separate hydrogeological units- regions: the Sava hydrogeological
region, 2. the Central Bosnian hydrogeological region, 3. the Herzegovinian hydrogeological region
A detailed survey of physical characteristics
and chemical composition of mineral, thermal and
thermomineral waters of Bosnia and Herzegovina
with views on the genesis of these waters was given by J. Josipović (1971).
1044

3.1 Classification of mineral waters of Bosnia
and Herzegovina on the basis of chemical
macro composition
Hydrogeoloical zoning of the territory of Bosnia
and Herzegovina was conducted by taking into account the following elements: historical-geological
conditions, litho-facies characteristics, hydrogeological and similar environmental conditions. Additionally, it can be noticed that priority was mainly
given to adequate geotectonic units on the territory
of Bosnia and Herzegovina (Figure1), with minimal aberrations when boundaries are in question.
Within zones, singled out in such a way, classes
and subclasses of mineral waters were determined
Volume 6 / Number 4 / 2011
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(Table 2) on the basis of anion, namely cation
compositions, on the basis of prevailing content,
whereby the lower content limit for the existing
10 classes is:I of various content, II HCO3, III
HCO3-SO4, IV SO4, V Cl-SO4, VI Cl-SO4-HCO3,
VII Cl-HCO3, VIII Cl, IX brine, X strong and ultra strong brines, 20% equ. Subclasses are singled
out on the basis of prevailing cation content (3-8
subclasses, Na, Ca, Mg) , with the same content
lower limit (Table 2). Each of singled out classes
and subclasses is characterised by particular mineralization value.
3.2. Classification of mineral waters of Bosnia
and Herzegovina from balneologic aspect
Quentin’s mineral water classification from
the year 1958 has been used in balneology practice. According to Quentin, all mineral waters are
divided into four groups: A, B, V, G, and within
them there are singled out specific subgroups on
the basis of ion and gas content. All criteria proposed by the classification (except temperature)
are related to water in situ of their use in baths, a
glass out of biveta (mineral water spring), out of a
bottle on the day of use. It should be noticed that
this classification reflects the typization of mineral waters as healing ones. With another note, the
classification by Quentin is extremely simplified
when classifying of waters into specific groups on
the basis of macro content is in question, what was
discussed in this paper. From the balneology aspect, criteria are adapted to autochthonic requirements of the given territory. However, specific
common ground in relation to the classification of
Ivanov V. V., 1977 (Table 1 ) can be noticed.
In Table 1, on the basis of the content of specific
components from the balneologic aspect, there are
singled out six basic balneologic groups, as well as
A group” without specific components and properties“. Healing significance of these waters originates from their basic ion composition and general
mineralization, with the presence of gases, namely
nitrogen and methane in dissolved state. Carbon
acid waters belong to B group. Healing properties
are in the presence of high content of CO2 which
is within limits of 95-100%, as well as ion composition and mineralization. “V“ group is singled
Volume 6 / Number 4 / 2011

out on the basis of sulphide content( free sulphur
hydrogen and hydrosulphide ion) which are characterised by high pharmacological activity and
which basically determine physiological and healing properties of those waters, which are primarily
used for baths. The lower limit of sulphide content
to be classified into this group is 10 mg/l.
Ferruginous and arsenic waters with high
content of Mn, Cu, Al, Zn belong to“G“group.
Healing properties of these waters, in addition to
ion and gas composition and mineralization, are
predominantly conditioned by the content of the
mentioned pharmacologically active components.
For ferruginous waters, the lower limit is 20 mg/l,
and for arsenic ones 0.7 mg/l. Quantity norms for
the content of Mn, Cu, Al in the waters have not
been determined as their healing properties have
not been studied sufficiently yet. The increased
content of these components commonly occurs in
sulphate waters, in the zone of ore deposit oxidation, but in sulphate and chloride-sulphate thermal
springs in volcanic regions as well. Both bromine,
iodine, as well as waters with high content of organic matter, with the lower limit of iodine content of 5 mg/l, bromine of 25 mg/l comprise D
group. Radioactive (radon) water with the limit of
5 mμCi/l (14 MJ, namely 188.52 Bq) belongs to E
group. Silicon thermal springs with the content of
H2SiO3 of over 50 mg/l, the temperature of over 35
o
C are classified in group Z. On the basis of temperature, the authors of classification single out
three groups of mineral waters: cold, with temperatures below 20 oC, cold, warm, (or hot depending
on circulation depth) and hot, over 35 oC.
The relation of separated mineral waters on the
basis of the balneological group, the subgroup by
gas content, class and subclass by ion composition, as well as mineralization, enable the separation of various mineral water types, among which
specific components prevail, and with that balneological properties as well.
Each type of mineral water depending on
the location in the classification scheme can be
marked by a specific index consisting of two letters which determine a balneologic group and gas
composition, as well as two numbers denoting a
class and a subclass by ion composition. The last
column contains the classification index for each
mineral water occurrence in Table 2.
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Table 1. General balneologic groups of water (Ivanov V.V. & Nevraev G.A.(1971))
А.
Without specific
components and
propeerties

G.
Ferruginous (Fе), аrsenic
(Аs)
With high content of
Mn, Cu, Al, Zn

V.
Sulphide
(H2S, HS)

B.
Carbon dioxide
(СО2)

Basic subgroups by gas composition
a

B

A

a

b

nitrogen

methane

carbon dioxide

nitrogen

methane

D.
Bromine (Br), iоdine (Ј) with high
content of organic matter

Е.
Radon (Rn)

v

a

carbon dioxide nitrogen

v
Carbon dioxide

Ž.
Silicon thermal springs (H2SiO3, HSiO3)

Basic subgroups by gas composition
a

b

A

nitrogen

methane

nitrogen

b

Carbon dioxide Nitrogen

Figure 2. Interpretation of classification index
4. Results and discussion
Classification and systematization are different
operations, although both provide classification
schemes, thus latter can be considered a kind of
classification (Gruza, 1977; Karanov, 1986). The
difference is in the fact that, in case of classification, a researcher is interested in finding out what
separates classes, on the contrary in case of systematization, a relation among classes is required
among class representatives, their hierarchical
dependence. In case of systematization, classes
or objects are arranged in specific sequence, conditioned by their mutual relations, thus systematization can be conditionally defined as a qualitative classification. Researchers, namely, in case of
classifications, do not frequently take into account
the dualism of conditions in developing each scientific branch: the logics of development of inner content of a scientific branch as a system of
knowledge on natural occurrences, and the development of inner content of a scientific branch as a
system of knowledge on natural occurrences and
1046

A

b

V

methane

Carbon dioxide

methods of their study(theoretical part) and the
need for manufacturing material goods and the
life of people itself (applicability of a science).
Bearing in mind previously stated, the paper
represents a systematization of past explorations
of mineral, thermal, and thermomineral waters of
Bosnia and Herzegovina in order to define their
origin. By realising of all elements of the hydrogeological structure in which it can be formed, a
complete image of groundwater circulation can
be obtained, from its formation, recharging to
discharging (catchment). Defining of hydrogeological structure represents complex problems requiring the knowledge of geological, petrologic,
hydrogeological, hydrogeothermal characteristics
of the study area.
Therefore, we have decided to present the stated problems with the help of the Ivanov’s genetic
classification. All stated parameters are integral
parts of the classification scheme. When judging scientific theories, one should always look
with one eye at problems they could solve(Poper,
1991).Therefore, hydrogeochemical classifications, mainly based on water chemism, have not
provided the insight into the environment where
the water deposits were formed, as several types
of mineral waters were perceived in the same locality. Classifications of this kind do not help researchers significantly, as it is likely that not paying full attention to water chemism when founding
the conception of exploring a mineral occurrence
is the most common reason for that. In the spirit
Volume 6 / Number 4 / 2011
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of scientific theory criteria (Iljin, 1989) hydrogeological classifications should be based on hydrogeological criteria. However, the largest number
of classifications in hydrogeology is based on
physical, geographic, chemical or other parameters; therefore the development of the theory of
hydrogeology, in the opinion of numerous scientists-hydrogeologists, is still at a low level (Lange,
Plotnikov, 1980: Karanov, 1986).
The formation of a specific mineral water type
occurs through complex chemical processes. As
investigations in the world have shown (Pačes,
1972: Arnosson et al 1983), the final water composition in a spring is mainly the consequence of
water ↔ rock interaction in a deposit where mineral water was formed. It would be highly presumptuous to consider this classification to be the
ideal one, that it can embrace all mineral water occurrences without questioning. The reason for that
lies in the fact that, whatever classification is in
question, there will always be specific occurrences
which at the given level of their knowledge, could
hardly be classified into a classification scheme
categorically.
Conclusion
A new classification of mineral, thermal and
thermomineral waters of Bosnia and Herzegovina
has been suggested in the paper. The suggested
classification is based on the analysis of specific
characteristics of geological, structural-tectonic
setting of Bosnia and Herzegovina, but the origin of mineral water and relevant conditions and
processes affecting their formation as well. The
classification takes into account all basic aspects
of mineral waters, independently on the location
of their occurrence and practical significance. The
possibility of its application is shown on the example of mineral waters of Bosnia and Herzegovina.

References
1. Aubouin, J., 1974: Des tectoniques superposees
et de leur signification par rapport aux modeles
geophysiques: l exemple des Dinarides; paleotectonique, tectonique, tarditectonicue, neotectonicue,
Bull. Soc. geol. 7, 5-6, 426-460. France.
2. Arnorsson, S., Gunnlaugsson, E., Svavarsson,
H., 1983: The chemistry of geothermal waters
in Iceland. II Mineral equilibria and indepedent
variables controling water cosmositions Geoch.
Cosmoch. Acta, 47, No3.
3. Dimitrijević, M. D., Grubić, A., 1977: Modeli
geotektonskog razvoja severoistočnog Mediterana.
Metalogenija i tektonika ploča severoistočnog
Mediterana, Simpozijum, Rudarsko geološki
fakultet, 21-103, Beograd.
4. Dimitrijević, M.D., 1982: Dinaridi-Jedan pogled
na tektoniku, Knjiga XI, serija A, tom XI, Zavod za
geološka i geofizička istraživanja, Beograd.
5. Gruza, V.V., 1977: Metodologičeskie problemi geologii "Nedra", Leningrad.
6. Iljin, V.V. 1989: Kriterii naučnosti znanija
"Visšaja škola" Moskva.
7. Ivanov B. B. 1977 : Genetskaja klasifikacija mineralizovanih voda zemnoj kori, voprosi gidrogeologii mineral. Vod., tom XXIV, Izd. Nauč.-Isled.
Inst. Kurortologii fizioterapii, Moskva.
8. Ivanov V.V., Navraev G. A, 1964: Klasifikacija
podzemnih mineralnih vod, Izd. "Nedra", Moskva.
9. Josipović, J., 1971.: Mineral, thermal and thermomineral waters in Bosnia and Herzegovina, Bulltin
Geologique, Sarajevo.
10. Jovanović, T., Janjić, M., Popović, G., Conić, S.,
1996.: Balneoklimatologija, Medicinski fakultet,
Univerzitet u Beogradu, Beograd
11. Karanov, K.P., 1986 : Metodologičeskie issledovanija v regionalnoj gidrogeologii, "Nauka",
Moskva.
Corresponding author
Olivera Krunic,
Faculty of Mining and Geology,
Department of Hydrogeology,
University of Belgrade,
Serbia,
E-mail: ttem_bih@yahoo.com

Volume 6 / Number 4 / 2011

1047

technics technologies education management

Table 2. Review of important mineral, thermal and thermomineral water occurences in Bosnia and
Herzegovina according to Ivanov classification, 1977
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Table 3. Genetical coefficient values of mineral, thermal and thermomineral waters of Bosnia Herzegovina
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
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Locality
Kladuša
Ljubija (Budimlić Ilidža)
Laktaši
Prnjavor-Kulaši
Spreča-Toplica
K. Sutjeska
Olovo-Banja
Solun
Orlja
Rogatica-Toplik
Krušćica
Kreševo
Fojnica
Višegrad-Banja
Kakanj –Radići
Kakanj-Tičići
Sarajevo-Ilidža
Teslić-Vrućica
BanjaLuka-Gornji Šeher
Bugojno-Vrućica
Gata
Gradačac-Ilidža
Domaljevac-buš.1275m
Dvorovi-buš. 1204m
Sanski most Tominska Ilidža
BanjaLuka-Slatina Ilidža
BanjaLuka –Slatina Kiseljaci
Tešanj
Sočkovac
Majevica-Priboj raso
Žepče
Majevica-Navaoci
Knežina-Ilidža
Srebrenica-V.Guber
B.Dubica-Jelovac
Tuzla-Bokarić Ševar
Donji Vakuf- slanac izvor
Bugojno-vruća voda
Busovača-kiseljak bunar
Klokoti kiseljak
Gornji Vakuf-Kuta izvor
Blažuj kiseljak
Prača kiseljak

Genetic coefficients
rNa/rCl
/
0.75
5.73
2.56
/
2.44
/
/
/
/
0
/
8.16
3.61
2.36
3.48
1.32
1.27
3.84
1.93
2.35
8.38
0.03
1.71
1.18
3.31
3.44
10.06
3.80
17
12.7
/
0.0
13.5
5
6.58
1.02
0.83
2.47
8.50
2.50
12.74
17.80

rCa/rHCO3
0.58
0.71
0.68
0.73
/
/
1.76
/
/
/
0.786
/
0.59
0.60
/
/
1.04
0.22
0.84
/
2.58
1.81
0.63
/
8.29
1.41
1.34
0.12
1.81
0.162
0.135
/
1.378
2.66
2.35
0.113
2.35
0.415
1.38
0.53
1.12
0.84
/

rMg/rSO4
24.06
2.09
0.0
0.315
/
/
6.20
/
/
/
1.07
/
5.75
5.75
/
/
0.59
9.54
1.03
/
0.15
0.0
2.54
/
0.19
0.39
0.42
8.98
0.0
11.32
38.3
/
3.56
0.03
0.28
0.0
0.50
11.32
12.9
0.08
0.07
14.15
/
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Abstract
Existing coal deposits in Serbia which are uder
exploitation by underground method are mostly
already excavated, so it is neccessary to look for
new ones, in order to keep this economic branch
alive. Before opening of new coal deposits, for
some mines it is neccessary to find an appropriate
solutions as a replacing capacity. In the fraim of
this work an assessment of exploitation costs of
boron minerals in Ibar mines of stone coal Baljevac as alternative solution before opening of coal
deposit „Bajovac“ as permanent solution for this
mine, was performed.
Results obtained in this work are results of
research in Faculty of Mining and Geology, Belgrade University per project 33029, sponsored by
the Ministry of Education and Science of the Serbian Government.
1. Introduction
Ibar mines of stone coal are under exploitation
for more than 80 years. In the previous period besides exploitation of coal, Ibar mines have been researching other mineral raws in Jarandol basin and
in wider area, which should have a roll of replacing
capacity, considering the limited reserves of coal.
Jarandol tertiary basin is located in the valley
of the Ibar river, about 14 km north from Raska.
The Ibar river divides it on two parts: eastern, Piskanjski, where boron minerals layer of Piskanja is
located and western, in the narrow sense Jarandol,
where magnesite layer called White Rock is loVolume 6 / Number 4 / 2011

cated, and where exploitation is finished, then coal
horizon of Jarandol and boron minerals layer Pobrdje. This layer considering limited coal reserves,
represents serious replacing capacity for this mine.
2.  Survey of the past researches of Boron
minerals in deposit Pobrdje
2.1 Basic data
Geologic volume of deposit’s wider area are
neogene sediments, and its edge are tertiary outlet
rocks and sedimented peridotites and andesites.
Boron minerals are appearing in clustic-carbonate volcanogenic-sediment series built from
small laminated and medium grained tuff sandstones with tuff-siltstones, marls and shales. Significant lithological member of neogene volcanogenic-sediment series are volcanogenic breccias
of dacite-andesite composition.
In structure of Pobrdje deposit two minerals
are participating: colemanite (borite of calcium Ca2B6O115H2O) and haulite (boron silicate of calcium (Ca2B5SiO9(OH)5). The research concluded
that colemanite is significantly more presented in
deposit of Pobrdje.
Ore-riched layer is created singenetically in the
frame of neogene sediments. It is genetically conected with processes of sedimentation and volcanism where younger volcanism is followed by
plentiful separation of gases and mineralized waters containing boron.
Appearance of boron ore in layer Pobrdje
shows in two ore layers of irregular shape. Both
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ore layers are parallel to each other, and the altitude between them is from 14,4 m to 37,2 m (average altitude is 26,5m).
Thickness of first layer varies in very wide
range of 0,2m to 3,0m (average thickness is
1,13m). Thickness of the second ore layer varies
in the interval from 0,4m to 7,7m, and the average
thickness is 1,3 m.
Immediate roof and shelf of ore layers are rarely tifits, tuffs and sandstones.
General course of ore layers stretching is north,
nortwest-south-southeast, with falling angle of 25300 to south, respectively southeast.
For researching of Pobrdje layer, gelogical
prospection methods, explorating depth drilling
and mining works were applied. Explorations
were performed in the area of approximately 40
ha of surface.

From the roof level of ore layer, a slanting ventilation shaft VS-1 was made up to the surface, as second opening of layer, which created conditions for
ventilation of mining works. In the same level, an
auxiliary storage of explosive mediums was built.
Transport premises are located in the level of
floor layer, and ventilation ones in the level of roof
ore layer.
Mining premises were made by drilling-mining
works. Light cross section of premises is 6,05 m2.
Premises are suported by steel and wooden trapezoidal support at distance of 1m from each other.
Sides and centers of the premises were pledged
with wooden pledgers. Transport of excavated material is performing by two-chained rake transporters and transporters with rubber belt. Ventilation
of work area is provided with axial fans Ø400mm.

2.2 Exploration drilling
During former explorations 48 vertical and one
slanting drillhole were drilled, with total lenghth
of 4.810m.
Depth of exploration drillholes is from 35m to
250m. At the begining of exploration, drillhole net
was 25m x 25m , and after certain results net was
expanded at 50m x 50m x 100m.
2.3 Mining works
Performing of mining works had goal to: check
the results of the geological explorations and their
reliability and to determin influential parameters
necessary for projecting of future exploitation.
Mining works are designed in a manner that
based on them it is possible to define both ore layers per fall and stretching and provide conditions
for further works on contouring of layer from
south and southeast side, and in the same time it is
possible to fit them into works on opening and exploitation of layer. Mining works were performed
with interruptions. It was made 676.3m of horizontal and slanting premises.
By main slanting premise MSP-1 all made
premises, in the roof and in the floor level, are
connected with surface, as shown in picture no. 1.
1054

Picture 1. Situation plan of mining exploration
works in the pit of „Pobrdje“
Described mining works, which are now in
function of opening of the layer, only in part correspond as definitve technical solution for opening
of the layer.
It is necessary, during adoption of final technical solution to reconsider possibility of opening
the layer through construction of undermine which
would undertake whole layer to the lowest point in
the southeast part of the layer. Undermine would
have function of main transport premise, and part
of existing mining works would serve for moving
of worn air current and delivery of raw materials.
2.4 Results of former explorations of layer
Based on results of explorations that were conducted until now, reserves of boron minerals are
shown in the following table:
Volume 6 / Number 4 / 2011
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Table 1. Reserves of boron minerals
Reserve
categories

Geologic
reserves (t)

Balance
reserves (t)

Exploitation
reserves (t)

Off-balance
reserves (t)

Commercial
reserves (t)

A
B
C1
A+B+C1

15.821
27.363
110.787
153.971

14.234
22.575
103.342
140.333

9.646
15.930
72.340
98.234

1.578
4.606
7.445
13.638

7.544
12.061
54.771
74.376

Average quality of boron ore in the layer is following: B2O3-37,90%, SIO2-6,91%, Fe2O3-0,59%,
CaO-26,71% and MgO-2,3%.
Technological tests were conducted in lab and
semi-industrial conditions, and boron acid production on industrial level.
3.  Applied technology
Mining works were performed with interruptions due to influence of various factors. Mining
exploration works were performed by classical
method of drilling and blasting. Mining premises
were built in accordance to stretching and slope of
the layer. In the starting phase mining works were
performed on bottom of the layer, and in the next
phase they were performing on the roof ore layer.
Dinamically, these exploration works had the following flow and technology of manufacture:
From ventilation premise VP-1 in the previous period, temporary bunker TB-1 was made up
to the roof ore layer. Works were continued with
making of excavation corridor EC-1 from the
temporary bunker TB-1. Excavation corridor was
made in accordance with stretching of ore layer. It
was built in length of 60m all the way to the point
where depth of layer is decreasing at 0,4m. From
excavation corridor EC-1 at point of 50m an excavation premise EP-1 is making. Both premises
were made along the layer with average thickness
of 1,2m. Premises were made in the way that ore
layer is in the middle of the premise.
Length of the mine holes is 1,2m. Diameter of
mine holes is 42mm. Amonex explosive was used
in blasting. During making of the premises, first
thing is to perform blasting of the soil in the premise’s profile. Blasted material is transporting out.
After that, comes blasting of the ore layer, which
is located in the center of the premise. Blasted
Volume 6 / Number 4 / 2011

mass is being transported out on the work plateau
in front of the pit, separatedly from the previously
transported soil.
Manual separation of colemanite from haulite
and parts of soil in the mass of blasted raw ore is
performing on the ore plateau.
Described mode of excavation gives raw ore
with big participation of small classes, which cannot be separated manually. With manual separation only 30% of coarser raw ore pieces of different granulation is obtaining, which is now placing
in the market.
4.  Projecting of new technology
Underground exploitation of boron minerals is
not conducted in Serbia so far, while in the world
this is conducting through surface method, so
there are no experiences in the underground exploitation of boron minerals, which presents an
additional problem.
Considering influental factors (shape, size of
the layer, thickness of the layers, tectonics and
stability of the accompanying deposits) which are
making mining-geological conditions, it was came
up with a conclusion that total deposit characteristics in the layer of „Pobrdje“ are limiting possibility for applying of different methods of excavation and suggesting on using of pole-chamber
method. As the most favorable variant for this type
of layer, regardless on insufficient experince in the
world, and without any expereince in our country,
method of excavation along the slope of the layer,
shown in picture no.2, is suggesting related to underground exploitation of boron minerals.
Excavation per slope of the layer is performing in the sections which are wide 15-16m. For
each section, premises (2) are making from export corridor (1) all the way to the higher horizon,
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with length per slant of about 50m, and with wide
of 2-3m. Niches (3) for storaging of the scrapers
were making from the opposite side of the premise. Protecting pillars(4) under the higher horizon,
wide 2-3m. Excavation starts from the upper horizon through slanting fron, as shown in picture 2.
Drilling and blasting performs by shorter drill holes
from 1,2-1,5 m, and ore is partially directs and rejects to the scrapping direction. The remaining part
transfers manually to this direction. Supporting performs with pillars placing in the distance of 1,5m
per slant, and 1,5-2,0m per stretching direction. Enervated places that may appear during work, will be
supported with cross wooden supports.

Picture 2. Method of excavation per slope of the
layer

5. Protection of life environment
Tests of boron ore solubility in water showed that
boron ore is dissolving easily in water, so special
atention for problems of life environment protection
is needed. Favorable circumstance is that layer does
not contain heavy metals: mercury and arsenic.
Boron has distinctive affinity toward elements
H, O, Na, Ca, Mg and Si and with elements Ca,
Mg, and Si, it has insoluble compounds. This
charactersitic of boron could be used in environment protection in exploitation and processing
of ores of boron minerals. Protection would be
founded on colecting of water that flows out of the
pit, faciliy for ore processing and lanfill of ore –
soil, and then treatment of this water with lime.
In that process an insoluble compounds of boron
would be made and deposited, and water, cleaned
from deposit of calcium borate would be safely
discharged into the watercourses.
Regarding that certain concentration of boron
will be founded in the soil, it is neccessary to explore possibility for using of soil in the production
of slow-acting fertilizers on the boron basis. In the
mineral fertilizers industry, boron from the soil
would be added to NPK fertilizers and fertilizer
variant NPK+B would be obtaining.
6. Economic efects
Based on former knowledge production price
of 1 ton of boron minerals, calculated on 98.234
tons of ore, is in Table 2.

Table 2. Economic indicators
No.
1.
2.
3.
4.
5.
5а.
6.
7.
8.
9.
10.
1056

Type of costs - investments
Costs of standardized and other material
Costs of investment and running maintenance
Amortization costs
Insurance costs
Workforce costs - pit
Workforce costs - outside
Costs of interests
Other not included costs
Total (1 - 7)
Gain (8 x 0,3)
Total (8 + 9)

Total investments for
Investment pet ton
production of 98.234 tons of ore
of ore (RSD/t)
40.128.400,00
41.788.878,00
146.178.987,00
15.419.066,00
383.061.000,00
24.360.000,00
13.005.836,00
123.608.240,00
787.550.407,00
236.265.122,10
1.023.815.529,10

385,85
406,82
1.405,57
148,26
3.683,28
234,23
125,06
1.188,54
7.572,60
2.271,78
9.844,38
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Average cost price of one ton of raw ore is, according to presented calculation 9844,38 RSD/t
including profit – gain of the company in amount
of 30% at total calculation.
7. Conclusion
Looking at former exploration results and current level of works it could be concluded that in
other activities is neccessary to:
–– Contour the layer, for both ore layers, with
insufficient exploration of south and souteast side and to make driling net more thick
in order to transfer reserves of C1 category
to B category;
–– Perform additional geomechanic tests
aiming to gain data for making of projects
and for choosing of excavation method.
–– In defining of mode for opening of the layer
to consider variant for opening through
making of entrance premise that would
cover whole layer to the lowest point in the
south-east part of the layer;
–– For solving of technology for raw ore
processing it is neccessary to explore
applying of magnetic concentration;
–– For protection of the life environment to look
for solutions based on boron characteristics
that with Ca, Mg, Si creates unsoluble
compounds and to explore possibility for
obtaining of slo-acting fertilizers on the
boron basis.
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With described mode for excavating of boron
minerals ores, which is applied in phase of mining
exploration works, satisfying capacity and positive economic efects would not be achieved.
Based on results which will arise from listed
activities it is possible to make quality technical
documentation that will organize exploitation, ore
processing, protection of life environment and
achieved positive results.
Techno-economic analysis, performed in this
way confirms that layer „Pobrdjski potok“ gives
solid basis to be relacing capacity to Ibar mines of
stone coal until transfering of production to layer
„Bajovac“, as permanent solution for this mine.
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Abstract
Introduction: Understanding how the students’ expectations about the process of educational services is being met, plays an important role
in improving the quality education and academic
services in the higher learning institutes; because
by determining the probable gaps between the expectations and perceptions of students, necessary
actions can be undertaken to enhance the quality
of educational services.
Purpose: This study intends to determine the
quality gap in educational services provided to
the paramedical students in Tehran University of
Medical Sciences in 2010.
Method: The study was a cross sectional research that used standard SERVQUAL questionnaire to collect data from paramedical students
of the school of Allied Medical Sciences, Tehran
University of Medical Sciences. A total of 135 responses were analyzed to identify the quality gap
in educational services.
Findings: Results show that there is a negative quality gap in all five dimensions of quality
educational services (empathy, physical, responsiveness, assurance and confidence). The maximum and minimum mean of quality gap observed
in the dimension of empathy and assurance was
-1.57 and -1.31 respectively. Moreover, a statisti1058

cally significant difference was observed between
the five dimensions of educational services in the
quality gap (p<0.001).
Conclusion: According to the results, it is recommended that in order to reduce the gap and improve the quality of educational services, attention
should be paid to all aspects of service quality, particularly to the empathy dimension. It is also suggested that proper planning is needed to better serve
employees and increase their communication skills,
in order to help reduce the educational quality gap.
Originality/value: The concept of service quality assessment through SERVQUAL is a relatively
new effort among Iranian universities, and there
is lack of previous published literature using this
method to assess the quality of educational services.
Thus, this paper can be used as a guide for universities and academic institutes who seek to identify the
educational quality gap in order to improve upon it.
Key words: Service Quality, Expectations,
Quality gap, Educational services, SERVQUAL
Introduction
In the present world, the issue of quality management has brought challenges to the organizations and its acceptance has tremendously increased in the service sector. Service quality is an
Volume 6 / Number 4 / 2011
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important factor for growth, competitiveness, success and durability and is organized as a strategic,
effective and comprehensive issue in management
agenda (Abdullah, 2006, Douglas and Douglas,
2006; Nejati and Nejati, 2008). Therefore, the use
performance management and service quality improvement techniques have been extensively applied as a means to enhance competitiveness and
quality in the organizations, especially among
educational institutes (Nejati et al., 2007) and to
improve customers/users’ retention (Nejati et al.,
2009). It is the comparison to what the customer
feels that should be (expectations) with what has
been received (perceptions). If the expectation is
over perceptions then quality of service received
by clients will see less and may lead to dissatisfaction with him (Sahney et al., 2008).
Recently, interest in the quality in the higher
education and universities has increased dramatically and is receiving global attention in the educational research (Coates, 2005, Lopez, 2005). In the
academic setting, students, staff and faculty members are the major customers of higher education
(Sahney et al., 2008), of whom students have attracted the most attention are the main customers
of universities who receive a variety of educational services, including registration, course selection
and other related services (Sirvanci, 2004, Kebriaei and Roudbari, 2005). Since one of the criteria of quality in university is to meet the students’
expectations about the process of educational services, by assessing the gap between expectations
and perceptions of students, an understanding of
the quality level will be obtained; where less gap
between expectations and perceptions denotes
higher quality of educational services. Hence, an
essential step to compensate this gap is to identify
the perceptions and expectations of students about
the quality of educational services to determine
the strengths and weaknesses of the system. This
should be followed by adopting strategies for reducing the quality gap and satisfying the students’
expectations (Kebriaei and Roudbari, 2005).
Conflicting perceptions of the quality of education have lead to different methods for measuring
quality in high education (Tam, 2001). For many
years, researchers have used single-dimensional
scales for measuring service quality, whereas such
scales are not suitable to measure a multidimenVolume 6 / Number 4 / 2011

sional concept such as quality (Adee and Bernie,
2007). To overcome that limitation, one of the
ways that has often been used for the quality assessment of higher education and universities is the
SERVQUAL framework that was developed by
Parasuraman (Alves and Vieira, 2006). This tool
measures customer perceptions in five dimensions
of service, namely: Tangibles dimension (physical
space, environmental conditions and service delivery including facilities, equipment, personnel and
communication channels), Reliability dimension
(ability to serve secure and reliable forms of services), Responsiveness dimension (willingness to
cooperate and assist the customer), Assurance dimension (competency of personnel for induction
trust and confidence to customer) and Empathy
(especially dealing with each customer according
to their mood so that customers are convinced organization has understood them). (Parasuraman et
al., 2004) SERVQUAL is a valid tool for evaluating service quality that compared to other quality
assessment methods has advantages, including the
possibility of adapting its various dimensions with
service environments, high reliability and validity
for the comparison of customers’ perceptions and
expectations, the relative importance of Servqual’s
five dimensions in service quality perceptions and
the ability to analyze based on demographic, psychological and other fields (Zafiropoulos, 2006,
Arambewela and Hall, 2006). All organizations
can specifically use this model according to their
different characteristics and needs, to create the appropriate changes (Parasuraman et al., 2004). Currently the students’ views on all aspects of training
provided in the educational institutes are reviewed
as an essential factor in quality monitoring in universities (Hill et al., 2003).
Research results from some of the Iranian medical universities indicates gaps in all five dimensions of education service quality which signifies
the poor service quality level in these universities
(KEBRIAEI et al., 2005, Aghamolaei et al., 2006,
Sabahi Bidgoliy and kebriaie, 2007). The results
of a study to determine the quality of educational services in the U.S also indicated that the students are not provided with quality service (Ruby,
1998). A similar research in Australia revealed
that the expectations of students of educational
services were not met, resulting in the students’
1059
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willingness to quit school (Slade et al., 2000). In
the study of Cho about the quality of educational
services at the School of Management at the Ryerson University of Toronto, Canada, the most negative quality gap was observed in the Assurance
dimension (Chua, 2006). In another study using
SERVQUAL method, Bradley determined the
perception and expectation of Chinese students
about the quality of educational services in postgraduate studies. The quality gap analysis showed
that there is negative quality gap in all dimensions
of service (Bradley, 2006). Now that in Iran the
development of universities is in transition from
a quantitative to a qualitative phase, a research to
identify the quality gap of educational services is
required more than ever. The current study is an
effort to answer this need.
Method
In this descriptive analytical which was crosssectional, 170 paramedical students in Tehran
University of Medical Sciences were randomly selected and questionnaires were distributed among
them. Considering that the study aim was to determine the quality gap between the students’ expectations and their perceptions about educational
services, the following formula was used to test
that the mean of quality gap is not equal to zero:

As questions of expectations and perceptions
were in multiple choice and were measured according to Likert scale, the change range for the
quality gap could be up to six. Standard Deviation
(SD) was estimated by the formula of σ≅R/6≅1
and μ-μ_0=0.25 was considered as the minimum
difference valuable.
According to the formula, the required sample
number was 125. Therefore, to satisfy this criteria
and considering the approximate 75% response
rate, 170 questionnaires were distributed. Out of
these questionnaires, 135 were completed and returned, yielding a response rate of 79.4%. Data
was collected by using a standard SERVQUAL
questionnaire. Questionnaire comprised of two
1060

sections: In the first section, demographic information of students were asked; whereas the second portion inquired about the five dimensions of
service quality (namely, physical dimensions, assurance, responsiveness, assurance and empathy).
Noticeably, each dimension of service quality
consisted of several sub-dimensions as it follows:
- Physical (tangible) consisting of the physical
facilities, tools, personnel and communication channels sub-dimensions;
- Assurance consisting of the organization's
ability to implement the promised services
to students sub-dimension;
- Responsiveness consisting of the accountability of staff towards the services provided
to students sub-dimension;
- Assurance dimension consisting of the ability,
knowledge and skills in staff of training
services to create confidence in students;
- Empathy dimension consisting of the sense
of belonging and commitment of staff to all
students sub-dimensions
All measurement items were rated using a
5-point Likert scale consisting of “completely disagree”, “disagree”, “agree”, and “strongly agree”.
In total, the questionnaire contained 25 questions.
Students were asked to answer the questions about
the ideal situation in their opinion under the expectations section; whereas under the perceptions sections, they should have expressed their evaluation
on the present situation. The validity of questionnaire was approved by consulting some experts in
the field. The questionnaire’s reliability was measured by the Cronbach's alpha coefficient in the two
sections expectations and perceptions (Table 1). To
determine the quality gap, the scores of students to
the present status of educational service quality (students’ perception about the quality of educational
services) were compared with the scores given by
the students to the desirable quality educational services (students’ expectations from service quality).
As for the results, a positive score difference would
indicate that the quality of educational services is
higher than expected, whereas a negative score difference would mean that educational services does
not meet the expectations of students and a quality
gap exists. Finally, if the difference of the resulting
scores was zero, it would signify the absence of any
Volume 6 / Number 4 / 2011
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quality gap between the perceived and expected educational services provided to students. To analyze
the data, related statistical tests were used (descriptive statistics and tests, Paired-Sample T Test, Independent-Sample T Test and One-Way ANOVA) in
SPSS version 16 software.
Result
As for demographic data, of all 135 students
participated in the study, 114 students (84.4%)
were female and 21 students (15.6%) were men.
The average age of respondents was 21.75 years
(SD=2.22). A number of 41 students (30.4%)
were in their second year of studies, 68 students
(51.1%) in the third year, and 25 students (18.5%)
in the last year of the studies. 96 students (71.1%)
were studying at the day classes, while 39 students
(28.9%) during the night classes.
Results showed that the expectations of learners in all aspects and questionnaire items were
higher than the current situation. The highest
mean score in expectations aspect was for the reliability dimension (3.65) and the lowest scores
were related to the tangibles and accountability
dimensions (3.60). In the Perceptions aspect, the
highest mean score belonged to the confidence dimension (2.30), while the lowest score was for the
sympathy dimension (2.30). After calculating the
difference between expectation mean scores (ideal
situation) with perceptions mean scores (current
situation), a gap in all dimensions was noticed.
The highest negative average score gap was in
the empathy dimension (-1.75) and the lowest one
was in confidence dimension (-1.31), respectively.
In the study of individual determinants (subdimensions) also a negative quality gap was observed, of which the determinant of "needed facili-

ties" from the tangibles dimension had the highest
quality gap, whereas the determinant of "service
provision at the predetermined time" from the empathy dimension had the lowest quality gap. Table 2
displays the mean scores for students’ expectations
and perceptions, as well as the quality gap in each
dimension and sub-dimensions (determinants).
For all five dimensions of the educational services quality, as well as all questions of questionnaire, the differences of mean between expectations and perceptions (quality gap) was significant
(p < 0.001) using the paired-sample T test. But the
difference of the overall gap mean between men
and women was not significant. Similarly, the difference of the gap mean in the five quality dimensions of educational services for men and women
was not significant (Independent-Sample T test).
The gap mean was investigated for the five dimensions of educational services’ quality, for day
or night courses with the Independent-Sample T
test. The results revealed a significant impact only
in the tangibles dimension. The gap mean of the
five dimensions of educational services’ quality
was evaluated for the students of the different academic years by One-Way ANOVA to find out that
only in tangibles significant effects exist (Table 3).
Discussion and Conclusion
This study intends to determine the quality gap
in educational services provided to the paramedical students in Tehran University of Medical Sciences in 2010. As seen in the results section, negative quality gaps existed in all five dimensions
of SERVQUAL and its determinant. The highest
mean of quality gap was observed in the dimension of empathy, followed by the dimensions of
tangibles, responsiveness and assurance respec-

Table 1. Alpha Reliability
Perceptions Expectations
Dimensions
Tangibles
Reliability
Responsiveness
Assurance
Empathy

Perceptions

No of Items Cronbach’s Alpha
Dimensions
No of Items Cronbach’s Alpha
5
0.78
Tangibles
5
0.88
5
0.78
Reliability
5
0.87
5
0.87
Responsiveness
5
0.88
5
0.83
Assurance
5
0.88
5
0.84
Empathy
5
0.91
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Assurance

Empathy

Reliability

Responsiveness

Tangibles

Quality
dimension

Table 2 . Mean scores of expectations and perceptions, and service quality gap in each dimension of the
quality of educational services
Question

Expectations Perception

Educational Equipments
Educational facilities
Staff appearance
Facilities needed
Intimate and dynamic relationship with learners
Total
Interest to solve problems of learners
Willingness to help learners
Providing required information to the learners
Preparedness for responding
Convenient working hours
Total
Provide safe and reliable service
Sufficient knowledge of to respond to the learners
Knowledge, skills and abilities
Having the knowledge necessary to perform educational services
Reliable behavior
Total
Creating peaceful environment
Personal attention to students
Respect for learners Feedback
Students with interest to hear comments
Responding the students patiently
Total
Keeping Promises
Providing services without mistakes and errors
Confronting all learners equally
Services provision at the determined times
Speed in operation
Total

3.36
3.59
3.52
3.75
3.53
3.60
3.62
3.51
3.63
3.57
3.64
3.60
3.58
3.65
3.64
3.68
3.48
3.61
3.60
3.47
3.71
3.67
3.58
3.61
3.67
3.69
3.69
3.61
3.56
3.65

1.87
1.89
2.41
1.92
2.14
2.05
1.96
2.33
2.29
2.11
2.20
2.18
2.52
2.32
2.37
2.27
2.02
2.30
2.15
1.97
1.99
2.03
2.04
2.03
2.19
2.08
2.26
2.63
2.09
2.25

Quality
Gap
-1.75
-1.70
-1.11
-1.78
-1.39
-1.55
-1.66
-1.88
-1.34
-1.46
-1.44
-1.42
-1.06
-1.33
-1.28
-1.41
-1.46
-1.31
-1.45
-1.50
-1.73
-1.64
-1.54
-1.57
-1.49
-1.60
-1.63
-.99
-1.47
-1.40

Table 3. Mean scores of expectations and reality, and service quality gap in each dimension of the quality of educational services categorized according to gender, course and academic year
variation
male
M±SD
female
M±SD
Independent-Sample T test
Daily
M±SD
Educational
Overnight
M±SD
Courses
Independent-Sample T test
Second year
M±SD
M±SD
Academic Third year
year
Fourth year
M±SD
One-Way ANOVA test
sex
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Dimensions
Tangibles Responsiveness Reliability Empathy Assurance
-1.38±1.02
-1.25±0.79
-1.22±1.06 -1.55±0.89 -1.60±0.86
-1.59±0.73
-1.45±0.80
-1.45±0.80 -1.58±0.81 -1.38±0.87
0.38
0.29
0.30
0.88
0.30
-1.62±0.83
-1.45±0.82
-1.38±0.92 -1.64±0.80 -1.47±0.84
-1.39±0.63
-1.35±0.76
-1.14±0.80 -1.43±0.86 -1.26±0.92
.09
0.49
0.17
0.19
0.21
-1.48±0.67
-1.41±0.81
-1.35±0.85 -1.65±0.78 -1.45±0.87
-1.71±0.81
-1.49±0.81
-1.32±0.95 -1.60±0.90 -1.45±0.92
-1.27±0.79
-1.26±0.75
-1.22±0.83 -1.38±0.66 -1.23±0.70
0.04
0.49
0.84
0.43
0.54
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tively. As for the lowest gap mean, it belonged to
the reliability dimension.
Based on this study’s findings, in order to reduce the quality gap and improve quality of educational services through the appropriate allocation of resources and efforts of the organization,
it is recommended to categorize five dimensions
of services into three priority groups: the highest
priority groups should consist of the dimension of
empathy as it had the most negative quality gap;
the second priority group should be formed of the
tangibles, responsiveness, reliability dimensions;
and finally the dimension of assurance with the
lowest negative quality gap should be listed in the
lowest priority group. This way and by focusing
more on aspects that have higher quality gaps,
the perceptions of the users will improve more.
Of course, improving the quality of services in
one dimension will also influence the perceptions
and viewpoints of recipients in other dimensions
of services, because the existence of defects and
gap (or in the contrary, the quality increase) in
a dimension lead to exacerbating effect; that is it
causes low quality (or quality improvement) in the
other dimensions (Lamei, 2000).
The empathy dimension shows the college tendency to offer quick and timely services to the students. It also reflects the sensitivity and awareness
of faculty about the demands, questions and complaints raised by the student (Chua, 2006). The
fact that empathy has had the most negative quality gap shows that the students do not find appropriate mechanisms to express their comments, and
their views are not being considered in curriculum
planning. It seems that high volume of administrative works, high numbers for students to staff
ration, and lack of experience and skills among
some of the staffs could have left the staffs no time
to listen to the students’ needs and make efforts
to show empathy towards students and understand
them, hence resulting in a huge service quality gap
in empathy dimension. Existence of quality gap in
dimensions of responsiveness, assurance and tangibles signifies that requests and questions from
the students are not handled well by the administrative staff who do not show readiness to respond
to the students’ concerns; the working hours to
provide services to the students are not appropriate; there is lack of training facilities; and that the
Volume 6 / Number 4 / 2011

decision makers do not act to their promises and
commitments. The lowest average negative quality gap was observed in the assurance dimension,
which indicates that the employees have sufficient
knowledge, skills and abilities to behave in a reassuring manner (Arbooni et al., 2008) .
Research results of Kebriaee and Aghamolaee
in Hormozgan and Zahedan universities of medical sciences about the quality of educational services also represent a negative gap in the five dimensions of service quality in both universities.
According to their studies, the responsiveness and
assurance dimensions had the highest and the
lowest negative gap, respectively, indicating that
the quality of educational services in those universities is undesirable (Aghamolaei et al., 2006, Kebriaei and Roudbari, 2005). A study by Kebriaee
and Bidgoli in Kashan university of medical sciences indicated the maximum service quality gap
in the tangibles dimension and the minimum service quality gap in reliability dimension (Sabahi
Bidgoliy and kebriaie, 2007). Arbouni in a study
among students of Zanjan University of Medical
Sciences, reported negative quality gaps in all five
dimensions of service, where the highest mean
gaps was in empathy and the lowest mean gap in
the reliability dimension (Arbooni et al., 2008) .
Similarly, a study by Bradley study on the analysis of the educational services quality gap using
SERVQUAL method among Chinese postgraduate students showed that there is a negative quality
gap in all aspects of service (Bradley, 2006). In
another study conducted by Ruby (1998) on the
students’ satisfaction towards the quality of educational services, the dimensions of assurance and
reliability had highest and lowest negative quality
gaps, respectively; but there was a positive gap in
the tangibles quality, indicating that the perception
of students about the quality of educational services in the tangibles dimension was beyond their expectations. In a study by Cho about the quality of
educational services at the school of management
at the university of Toronto Ryerson, Canada, again
it was shown that all aspects of service quality had
a negative gap, the most negative quality gap was
seen in assurance dimension, and the least gap in
the reliability dimension (Chua, 2006). Slade and
colleagues studies about the quality of educational
services in the two groups of dropout students and
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students willing to study in the USC School and
the Higher School in Australia, showed that the
service gap in terms of current students to continue
education is more than of the students who have
quit school (Slade et al., 2000). Finally, a study by
Husain et al. (2009) using SERVQUAL method,
as an instrument to measure the satisfaction and
dissatisfaction of educational experiences showed
that student satisfaction was found to be related to
the course structure, content, feedback and assessment, as well as the administration quality.
Determining the service quality gaps can act as
an appropriate basis for planning, priority setting
and decision-making about resource allocation
(Campbell et al., 2001). Reviews of the literature
and research findings locally and internationally
have confirmed the existence of quality gap in all
or a number of service quality dimensions. The
results of this study are mostly consistent with
other studies, though there might be inconsistencies with regard to the exact service quality dimension that have the highest or least quality gap,
as this seems to be very much dependent on the
socio-cultural characteristics of the society where
the respondents come from, as well as their family
background, and the type of courses and educational levels that they are affiliated with. Hence,
different societies will perceive the service quality differently and will have various expectations.
So in that sense, the results cannot be generalized
to the entire university or other universities, and
it is recommended to identify the service quality gap in every university to identify the gaps
and improve upon. Nonetheless, the fact that this
study was conducted in the highest ranking medical university in Iran and among the paramedical
students makes the findings more noteworthy as it
is among the very few first researches of its kind,
hence making an important contribution to the service quality literature in the academic setting on
the developing countries.
As the existence of quality gap indicates universities’ failure to act to its commitment and to its
incapability to meet the expectations of students, it
is recommended that special courses are provided
to the administrative staff throughout the year to
teach them how to apply effective methods of providing educational services and how to express effective communication skills with students . Also
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some educational workshops should be arranged
for the university faculty members with regard
to the use of modern teaching methods, as well
as counseling and communication skills with the
students. Besides, sufficient information should
be provided to the students, and proper planning
and arrangements for courses and classes should
be done. Needless to say appropriate and specific
hours should be allocated for the students to meet
the faculty members and their supervisors.
Assigning specific hours to the students to
share their insights and issues with the managerial
board can also improve the service quality by the
university. And finally, it is recommended that the
students’ constructive comments and feedbacks
are considered in the educational planning.
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Abstract
The aim of this paper is to show the realisation
of theory of conceptual metaphor in the discourse
of marketing in English and Bosnian. It is already
proven that conceptual metaphor is present in
everyday speech and in process of our thoughts.
Conceptual metaphor is one of the primary tools
in discourse of marketing because of its persuasive
power. The analysis in this paper will show how
JOURNEY as the source domain is metaphorically mapped in everyday marketing discourse in
English and Bosnian.
Key words: Conceptual metaphor, Persuasive
discourse, Image schema, Source and target domain.
1. Introduction
The fundamentals of marketing discourse are
in its persuasive power which is grounded on conceptual system made of primary metaphors and
schemas. Our conceptual system is made of conventionalised schemas and metaphors which represent a powerful conceptual tool. The nature of
these schemas belong to cultural heritage and they
are used as cognitive mechanisms unconsciously
and without previous intention.
„Most of our metaphors have evolved in our culture over a long period, but many are imposed
upon us by people in power“. (Lakoff i Johnson,
Metaphors We Live By, 1980: 159-160).
„Unlike many theories of metaphor... the conceptual structure view of metaphor provides
an explanation for why so many metaphors are
understood efortlessly, without conscious reflec1066

tion... Most metaphorical expressions are direct
linguistic instantiations of preexisting conceptual
mappings between conceptual domains and may
thus be understood quite easily during the earliest
moments of processing. (Gibbs, 1994: 251).

Conceptual metaphors are used for understanding of fundemental principles of life, death, time
etc. JOURNEY as the source domain in marketing
discourse is based on image schema SOURCE–
PATH–GOAL (Lakoff 1987, Johnson 2005). This
image schema implies and defines certain forms
of movement and presents the result of our interaction with the space we live in. Therefore, the
movement can be in forms such as: horizontal
movement (forward and backward, left and right),
vertical movement (up and down), cyclic movement, circular movement, movement with force
included, movement with obstacles included,
movement with guide included etc.
Conceptual metaphor is widely spread in discourse of marketing. Certain types of conceptual
metaphors are very frequently used in everyday
marketing discourse and it is rather difficult to
determine their origin. The most powerful persuasive tool is metaphorical extension and creation of
complex metaphors. In this way conceptual metaphors are combined with other metaphors becoming, in this way, extremely persuasive and perfect
for discourse of marketing.
2. Corpus
This paper will show how conceptual metaphor
is used for purpose of marketing by examining everyday marketing discourse extracted from daily
Volume 6 / Number 4 / 2011
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newspapers and online magazines in form of commercials and sentences related to marketing. Thefore, for the purpose of analysis in this paper, newspapers Dnevni avaz, Dani, Start, Chicago Tribune,
The Guardian, The Times, The New York Times and
certain online magazines were analysed, in order to
create corpus of 27 comercial examples in Bosnian
and 23 examples in the English language. In this
way, proper empirical base was created, fully suitable and sufficient for linguistic comparative analysis in theoretical framework of cognitive linguistic.
3.  Analysis
3.1. Movement
3.1.1. Horizontal movement
Horizontal movement appeared to be the most
dominant one as category of metaphorical mappings in analysis of marketing discourse. This particular form of movement is manifested in diferent ways in target domains such as movement on
foot, returning to certain previous state or shape,
progressing to final goal etc. Frequent linguistic
expressions indicating the horizontal movement
imagery found in the corpus include: korak ispred
drugih (one step ahead of others), korak više (one
step further), tri koraka do... (three steps to...),
one small step (jedan mali korak), step into...
(zakoračite u...), vratiti se (to return), to hark back
(vratiti se u određeno stanje), veliki iskorak (big
step forward), to go the distance (otići dalje), nastaviti (to continue), pozitivan iskorak (positive
szep forward), u petoj brzini (in fifth gear).
1B. Uvijek korak ispred drugih... Mercedes
Benz (Avaz; sekcija Oglasi; 06. 09. 2010).
1E. M&G Global Basics Fund...10 years of
globetrotting, trendspotting...Keeping one step
ahead (The Times; section Money; 11. 09. 2010).
2B. DENIDA APOTEKE... „Korak više za vaše
zdravlje“ (Avaz; sekcija Oglasi; 24. 09. 2010).
3B. Tri koraka do čiste kože u samo tri dana...
Clearskin Professional (Avon; 01-28. 2010: 161).
Volume 6 / Number 4 / 2011

2E. Take one small step... Peace of mind with secure online banking (The Times; 11. 09. 2010: 11).
3E. Step into the future of home entertainment
with the signature range. Experience the highest
quality Full HD 3D TV pictures, smart features
and Wi-Fi access to online sevices. (http://www.
sony.co.uk/hub/bravia-lcd-televisions).
4B. Nakon kraćeg zatišja, Nokia se vraća
neobičnom produkt dizajnu (Dani, br. 640; 4E. The
seductive silhouete of ''Femme Fatale'' harks back
to the bygone era of classic Hollywood glamour.
(House of Fraser fashion magazine; womenswear,
Autumn 2010). sekcija Info digitalni dani; 18. 09.
2009).
5B. Za sada još nije tačno određen datum serijske proizvodnje... No, već sada je jasno da su u
Kiai napravili veliki tehnološki i dizajnerski iskorak koji je stidljivo započet kod Sorenta, a nastavio
s Cee'dom te nedavno i sa Soulom (Dani, br. 620;
Sekcija AutoDani; 01. 05. 2009).
4E. Guess that leaves just one company out
there willing to go the distance to prove their
knives are trully built to perform and solidly defend your life: COLD STEEL. (Inside KUNG-FU
magazine; 03. 03. 2003; www.coldsteel.com).
5E. Reinvigorate your senses with our heavenly
bath, spa and body products when you are at home
or on the road... Welcome back to balance. (USA
Today; The Nation's Newspaper; 03. 03. 2010).
6B. Ovaj rasni „trkač“ sa svojom snagom motora od 331 ks, trebao bi kod ljubitelja brzih automobila nastaviti tamo gdje je popularni prethodnik 350 Z stao (Dani, br. 610; sekcija AutoDani;
20. 02. 2009).
7B. Sve izdržljive baterije su pozitivan iskorak,
a najnoviji je napravio LG s Xnote X 130 modelom (Dani, br. 636; sekcija Digitalni dani; 21. 08.
2009).
8B. Faks mašina u petoj brzii. (Dani, br. 635;
14. 08. 2009).
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3.1.2 Vertical movement
Vertical form of movement is often used in metaphorical way in Bosnian and English marketing discourse. Based on SOURCE–PATH–GOAL image
schema, this form of movement is realised as upward
and downward motion. Upward motion symbolises
certain progress, success, and state of good while
downward motion symbolises the opposite. Vertical
movement can be performed by a person or group
of people, object, event or certain state. Frequent linguistic expressions symbolising vertical movement
imagery found in corpus are: stepenica više (one step
higher), vrh klase (the top of the group), klasa iznad
(higher group), ...do zvijezda (...to the stars), move up
in rank (preći na viši nivo), to stay afloat on a sinking
ship (ostati na površini kad brod tone).
1B. Pomoću posebnog softwarea je moguće
editirati njihov redoslijed u aplikaciji i na displeju
uređaja, što je stepenica više u prilagodljivosti.
(Dani, br. 635; 14. 08. 2009).
2B. Zahvaljujući povišenom krovu, automobil
se lako može pohvaliti s visinom od 1,53 m što ga
stavlja na vrh njegove klase (Dani, br. 607; sekcija
AutoDani; 30. 01. 2009).
3B. Insistirajući na razvoju sigurnosne
tehnologije, Actros je po treći put potvrdio reputaciju kamiona čija se oprema i performanse izdižu
u klasu iznad, a stručni žiri je sve to prepoznao i
nagradio laskavom titulom. (Dani br. 600; Sekcija
AutoDani; 13. 12. 2008).
4B. Za kafu koja će Vas odvesti ravno do zvijezda! Novi espresso aparat KRUPS XP 4020
stvoren je da Vam ponudi izvorni espresso ili cappuccino. (Dani, br. 600; 12. 12. 2008).
1E. At discipline, we design shoes to protect
martial artists, allowing you to train longer and
harder. So if you're looking to mow down a giant,
or move up in rank, be smart and give us a call.
Just say David sent you. (Inside KUNG-FU magazine; 03. 03. 2003).
5B. Skini paučinu, pređi na viši nivo... NIKE T
90 LASER ''SHOTSHIELD'' Tehnologija pomaže
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da Vam asistencija bude savršeno precizna, a šut
smrtonosno snažan. (Start, br. 247; 27. 05. 2008).
2E. Damian Kulash explains how to stay afloat
on a sinking ship. (The Times; Playlist Magazine;
11. 09. 2010).
3.1.3 Movement with obstacles included
Image schema SOURCE–PATH–GOAL with
its core structure can describe certain obstacles
that may encounter the traveller in travelling towards goal. Such obstacles can affect travellers'
journey in a negative way by slowing it down or
completely interrupting it. Frequent linguistc expressions indicating imagery of vertical movement
encountered in analysis of corpus are: glavna prepreka (major obstacle), large bills (visoki računi).
1B.(...) „mali računari“ su dobro promišljen
koncept koji izgleda nije dovoljno cijenjen među
korisnicima... na našem tržištu će mu glavna prepreka biti cijena, ali se stil uvijek plaćao, pa ni Studio Hybrid nije izuzetak. (Dani, br. 600; sekcija
Digitalni Dani; 12. 12. 2008).
1E. WARNING: AVOID LARGE BILLS. (The
Times; Section World; 03. 06. 2009).
3.1.4 Path
Metaphorical structure of target domain can
describe imagery of travellers' path which leads
to a certain goal. Metaphorical imagery of path
is strutured on the ground of the image schema
SOURCE–PATH–GOAL. Therefore, the path can
be: paved, slippery, dangerous, straight, curved,
with crossroads, short, with detours etc. Frequent
linguistic expressions found in corpus that confirm
various types of travellers' path are: nastaviti njegovim putem (to continue his way), svi putevi do...
(all roads to...), prirodnim putem (natures' path),
najjednostavniji put (the easiest path), čudnim
putem (the strange way), the only road...the road
to success (jedini put...put do uspjeha).
1B. Prošle godine je Volkswagenov model Scirocco osvojio AutoBild Design Award u kategoriji
Volume 6 / Number 4 / 2011
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sportskih vozila i coupea (...) Novi Polo nastavlja
njegovim putem. ( Dani, br. 533; Sekcija AutoDani; 31. 08. 2009).

1E. Our ultimate goal is to achieve zero (...)
zero accidents. (The Guardian weekend; 11. 09.
2010).

2B. NLB Svi putevi do banke (...) nije važno
kako ste došli (...) uvijek ste dobro došli. (Dani,
br. 640; 18. 09. 2009).

2E. (...) if we can overcome the low moments,
we grow on a personal level. This is like a lot of
other things in life: The journey is the goal. (Budo
international magazine no. 3; february 2003).

3B. Webber vitamini – prirodnim putem do vrhunske kvalitete. (Avaz; Prilog Lifestyle magazin;
18. 09. 2010).
4B. Podcast, radio, mobilna i online ponuda
– najjednostavniji put do informacija. (Dani, br.
600; 12. 12. 2008).
5B. Samsung (Bold) je pošao čudnim putem,
opremivši svoj N120 sa 2.1 setom zvučnika. (Dani,
br. 617; sekcija Digitalni dani; 10. 04. 2009).
1E. The only road to follow is the road to success (...) MBA Programs, Specialized Masters,
Masret of laws. (The Times; 03. 06. 2009).
3.1.5. Destination/goal
Each JOURNEY ends with a certain goal i.e. a
destination that is predetermined before beggining
of journey. Therefore, goal can be successfull or
unseccussfull. In domain of marketing, target domains are ussually fullfilled with such metaphorical structures that indicate positive metaphorical
imagery. Expressions found in the corpus that
confirm this fact are: glavni cilj (ultiamte goal),
uvijek prvi (allways the first), the journey is the
goal (putovanje je cilj), complete satisfaction as
goal (potpuno zadovoljastvo kao cilj), progress as
goal (uspjeh kao cilj).
1B. Glavni cilj Peugeota je postati lider u uslugama mobilnosti i do 2015. godine popeti se na
sedmo mjesto na svjetskom tržištu automobila.
(Dani, br. 660; sekcija AutoDani; 05. 02. 2010).
2B. Uvijek prvi sa jedinim američkim AACSB
akreditovanim MBA programom u Jugoistočnoj
Evropi. (Start, br. 247; 27. 05. 2008).
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3E. Our goal is your complete satisfaction every step of the way. (USA Today; Nation's Newspaper; 03. 03. 2010).
4E. Track your progress... reach your goals...
The Times Health Club. (The Times; Section
World; 11. 09. 2010).
3.1.6 Movement with guide included
The journey towards certain goal can be individual or it can be guided by certain person, situation, institution etc. If certain journey is guided
completely or partially, than the traveller loses
control over that journey, completely or partially,
but a successful arrival to one's goal is, in a way,
guaranteed. The analysis in this paper detected
certain linguistic expressions that confirmed imagery of guide included in travellers' journey. The
expressions are as follows: snovi (dreams), lider
među kamionima (lider amond trucks), misao vodilja (guiding thought), Lexus leads the way (Leksus predvodi ponovo), follow us on Twitter (pratite
nas na Twitter-u), follow Guardian sport (pratite
sportsku sekciju u Guardian-u), follow your investments (pratite svoje investicije), SARASIN&
PARTNERS leaders... (SARASIN& PARTNERS
vodiči...)
1B. Slijedite svoje snove (...) Hypo Alpe Adria
BANK LEASING. (Start, br. 247; 27. 05. 2008).
2B. Lider među kamionima MERCEDES ACTROS. (Dani, br. 600; sekcija AutoDani; 12. 12.
2008).
3B. Da bi postigli efekt iznenađenja, u obradi
svih detalja ovog konceptnog automobila, misao
vodilja bila je meka i drukčija linija, po uzoru na
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peraju morskog psa, simbola vozila DS inside.
(Dani, br. 616; sekcija AutoDani; 03. 04. 2009).
1E. Lexus full Hybrid leads the way again.
(The Times Magazine; 11. 09. 2010).
2E. Money on the web (...) Follow us throughout
the week on Twitter (...) twitter.com/guardian.money. (The Guardian; section Money; 11. 09. 2010).
3E. Follow Guardian sport on Twitter (...)
News, comment and more updated every day
...twitter.com/guardian-sport. (The Guardian; section Sport; 11. 09. 2010).
4E. Keep up to date with world markets and follow your investments with our live company data
tracker (...) thetimes.co.uk/business. (The Times;
section Business; 11. 09. 2010).
5E. SARASIN & PARTNERS (...) Leaders
in global thematic investing (The Times; section
Business).
3.1.7 Signpost
Traveller may encounter crossroads or road diverging on travelling towards the goal. This particular metaphorical scenario describes metaphorical
imagery of certian dificulties that negatively affect
travellers' reaching of goal. In such circumstances
traveller needs some signposts or certain pointings
to proper direction in order to successfully end the
journey and reach the goal. Target domains, which
describe imagery of signposts and directions, are
usually used for commercials in Bosnian and English discourse of marketing. Linguistic expressions
that support these facts are found in corpus and are
as follows: bilo koji smjer (any direction), određene
smjernice (certain guidelines), obavezan smjer
(mandatory direction), pointing to... (upićivanje
prema), streamline your life (usmjerite svoj život),
setting a direction... (određivanje pravca...)
1B. Izgubili Ste se? Bilo koji smjer da odaberete, na pravom Ste putu ... Volksbank BH kroji
usluge prma Vašoj mjeri. (Start, br. 217; specijalni
prilog Start Business; 27. 05. 2008).
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2B. S obzirom da se već jako dugo ustoličio
kao najbolji MP3 player, novi NANO tek prati
određene smjernice „mode“. (Dani, br. 607; sekcija Digitalni dani; 30. 01. 2009).
3B. Obavezan smjer do CHEVROLETA!
Nevjerovatne uštede u u CHEVROLET salonima
od 17. do 25. 09. (Avaz; 23. 09. 2010).
1E. Let us point you to the right mortgage. (The
Guardian; 11. 09. 2010).
2E. Streamline your life (...) discover what really matters and let go of the rest. (Psychologies
magazine; ocotber 2010; www.PSYCHOLOGIES.co.uk).
3E. Setting a direction for others to follow (...)
to learn more and to apply, please visit www.setadirection.co.uk. (The Guardian; section Guardian
Jobs; 11. 09. 2010).
3.1.8 Going astrav
Traveller may experience straying from the
path that leads to final goal and continue travelling
on detour that will take one to destination that is
not predetrmined and planned. Linguistic expression indicating the going astray found in corpus
include: a company that has lost its way (kompanija koja je izgubila svoj put).
1E. It would appear that not only has Toyota
lost its way in terms of its focus (safety first, quality second, volume third), but it has made what
will likely turn out to be the defining error of our
modern technology-oriented society: It has placed
more reliance on the use of technology, rather than
focusing on its reliability (''Toyota recalls reflect
a company that has lost its way ,'' Our view, Auto
safety debate, Thursday). (USA Today; The Nation's newspaper; 03. 03. 2010).
3.1.9. States are locations
The imagery of travellers' goal may be as certain state which one wishes to reach but it can also
be a state which traveller wishes not to leave. ImVolume 6 / Number 4 / 2011
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agery of such states are successfull and suitable
for traveller and represent part of event structure
metaphor as metaphorical category STATES ARE
LOCATIONS. Linguistic expression indicating
the states as places metaphor found in corpus include: stay in balance (ostanite u balansu).
1E. Stay at Westin, stay in balance (...) Westin Hotels & Resorts. (USA Today; The Nation's
newspaper; 03. 03. 2010).

structed with such linguistic expressions that create metaphorical imagery of safety, peacefullness,
quality, individual speciality, trust, progress etc.
This only explains the fact that linguistic expressions in the domain of marketing tend to aim the
market in persuasive way with the intention to increase profit and to secure brand position in future.

4.  Analysis results
During the research 50 examples with JOURNEY as the source domain had been analised in
Bosnian and English discourse of marketing in
this paper. Based on research the following results
were determined in table 1.
5. Conclusion
The analysis in the domain of marketing shows
that metaphorical mappings of JOURNEY as the
source domain are extremely evident in Bosnian
and English marketing discourse. It is also evident
that target domains in both languages are conTable 1.
Conceptual metap- Examples
hor/examples
(Bosnian)
Horizontal
movement
Vertical
movement
Movement
with obstacle
included
Path
Destination/goal
Movement with
guide included
Signpost
Turning off the
path/wandering
States are places
TOTAL

Examples
(English)

Total

8

5

5

2

1

1

5
2

1
4

6
6

3

5

8

37,50

3

3

6

0

1

0
27

1
23
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13

Metaphoricall
mappings in
Bosnian - %

7
2

1
1
50

Metaphorical
mappings in
English - %

Conceptual
metaphorical
mappings - %

61,54

38,46

26

71,43

28,57

14

50

50

4

83,33
33,33

16,67
66,67

12
12

62,50

16

50

50

12

0

100

2

0
54

100
46

2
100
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The Impact of Coding Style on
the Readability of C Programs
Dusan Malbaski, Aleksandar Kupusinac, Srdjan Popov
Faculty of Technical Sciences, Novi Sad, Serbia

Abstract
Code reading is an important activity in programming practice, both in the development and
maintenance phases of the program life cycle, but
there is not consensus about which code features
contribute readability at the most. One of the main
factors, which influence program readability, is the
coding style. Coding style determines the way the
program elements are written, i.e. it refers to the
form and not to the functionality of the program. In
the paper, we consider its impact on the readability
of programs written in the programming language
C. Our research is based on the survey with 329
respondents with a different level of programming
experience (high school pupils, students and postgraduates). The survey consisted of 5 examples that
respect coding style and 5 more that do not, and the
appropriate questions were randomly mixed. The
obtained results show that all respondents are able
to analyze the code in a better way if it is written
in accordance with the style they use. This paper
shows that coding style strongly affects the program readability, but becomes less influential for
more experienced programmers, which means that
use of the coding style has positive effect for teaching programming.
Key words: Coding style, Program analysis,
Programming languages, Programming teaching
1. Introduction
During the phases of program development
and maintenance, the programmers spend a considerable amount of time to read and analyze the
code [1, 2, 3, 4, 5]. Moreover, it is often the case
that other programmers will read the code, as well.
Consequently, it is necessary to use conventions
when writing the code. The conventions are given
Volume 6 / Number 4 / 2011

in the form of rules and recommendations, which
together constitute the coding style. Respecting
the coding style implies the following advantages:
–– Increases code readability.
–– Facilitates
code
sharing
between
programmers which is of special importance
when the programming team works on the
same project.
–– Decreases the probability of making errors
and facilitates their detection.
–– Facilitates program maintenance and
decreases appropriate costs, since 70% of
costs are maintenance costs [6, 7, 8].
In 1974, Kernigan and Plauger published the
book “The Elements of Programming Style” [9]
in which they consider the programming style in
the programming languages FORTRAN and PL/I.
The book is considered the first one that is devoted
entirely to the programming style and it describes
the basic ideas, principles and aims of writing programs with a style. In 1978 Kernigan and Ritchie
in “The C Programming Language” [10] formulated the programming style for C known as K&R
style. This style is used ever since with different
variations [11, 12, 13, 14]. Object-oriented languages introduced some new styles. The development of programming styles is characterized
by a constant interaction between the styles used
in different programming languages thus producing numerous variations. For example, the Java
style [15, 16, 17, 18] was developed under the influence of C++ style [19, 20, 21], but owing to its
originality and completeness programmers, which
use other programming languages, including C++,
readily accepted it.
Readability is a human judgement of how easy
a text is to understand and there is significant correlation between software readability and quality
[22]. Obviously, readability is an essential charac1073
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teristic of code quality, but there is not consensus
about which code features contribute the most [1,
2, 3, 4, 8, 23, 24, 25, 26, 27, 28]. A descriptive
model of software readability based on code features is given in [22]. In the present paper we analyze the impact of coding style on the readability
of programs written in C. We will show that coding style is very important feature, that strongly
contributes to the code readability.
The computer programming education process
assumes learning of several languages. Every programming language has its own coding style. This
fact causes that students lose sense of previously
learned coding styles and need more time and effort to switch from one to another. For teaching
the programming language C at the Faculty of
Technical Sciences, University of Novi Sad we
used style, which is in fact a combination of K&R
and Java styles. The reason is that the students
during the first two courses learn C/C++ and Java
so the general ideas of code layout are preserved
when switching from C/C++ to Java thus producing a positive effect for both languages. We show
that the programs written in accordance with coding style are more readable for programmers with
different programming experience and at the same
time that the more experienced programmers are
less influenced by the programming style.
The research methodology and appropriate statistics are given in the Section 2. The Section 3
comprises the description of the experiment, and
the Section 4 the results are analyzed. Conclusions
and our future plans are given in the Section 5.
The questionnaire is given in the Appendix A.
2.  Methodology
In order to investigate the impact of coding style
on the readability of a C program we constructed
a questionnaire which consisted of 10 questions/
exercises. Five examples used the coding style
while the other five did not. The questions were
mixed on the random basis. In each of them, the
respondent was asked to determine the behavior of
a given C program and to guess its output. There
were more answers offered in each question and
respondent was asked to choose correct one. Buse
and Weimer used a different approach [22], where
1074

respondents were asked to score code readability
on a scale of 1 to 5 and they left possibility that the
respondent does not need to understand program
behavior, but subjectively assigned scores. In contrast, we asked respondents to fully understand
behavior of programs and find the correct answer
and we believe that this method of testing is more
objective. In the same study, Buse and Weimer
suggested that the small selection of code is more
practical for readability analysis. We agree with
them and our questionnaire, given in Appendix A,
is consisted solely of short and simple code examples. Examples that not use the coding style are
on the even positions. For instance, the question 2.
is to guess the output of the following C program:
int a=0, b=10, c=20;
if(a==0) a=10; b=20; c=30;
if(b==10) a=20; b=30; c=40;
if(c==40) a=0; b=10; c=20;
printf("%d %d %d", a, b, c);

and the answers offered are the following:
The
a.)
b.)
c.)

program outputs:
20 30 40
0 10 20
10 20 30

The correct answer is b.), but owing to the
incorrect use of coding style, a majority of respondents marked the answer c.). Using coding style
would produce the following form of the program,
given in the questionnaire as question 1.:
double d=0.5;
double f=1.5;
double g=2.5;
if(d==0.5)
d=1.5;
f=2.5;
g=3.5;
if(f==1.5)
d=2.5;
f=3.5;
g=4.5;
if(g==4.5)
d=0.5;
f=1.5;
g=2.5;
printf("%.2lf %.2lf %.2lf ", d, f, g);

and the offered answers are same:
Volume 6 / Number 4 / 2011
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The
a.)
b.)
c.)

program outputs:
0.50 1.50 2.50
2.50 3.50 4.50
1.50 2.50 3.50

In this case, there is no doubt about the correct
answer and a majority of respondents marked the
answer a.). Clearly, both questions are simple
and the reason for the mistake is not lack of knowledge, but rather disregarding the coding style.
In order to make the investigation as objective
as possible, the respondents were not informed on
the aim of the survey. They were given the questionnaire without any further information on what
it is about and 20 minutes to fill it. The investigation was conducted on the Faculty of Technical
Sciences in Novi Sad. Buse and Weimer did differently, i.e. the survey was based on Web-annotation tool that users were permitted to access at
their leisure [22]. We believe that survey is more
objective if its duration is as short as possible and
inside the classroom, i.e. without any external
impacts. There were four groups of respondents,
with different level of programming experience:
1. The first group of respondents consisted
of 30 high school students (generation
1993) of the mathematical department in
the gymnasium “Jovan Jovanović Zmaj”,
Novi Sad. This group is interesting for our
research since it consists of talented students
who have been learning the programming
language C during this year.
2. The second group consisted of 186 first
course students (generation 1991) of the
Computer and Control Department at the
Faculty of Technical Sciences in Novi Sad.
This group was the largest one and the
most interesting for our research since the
students are studying to become professional
programmers. In addition, during this year,
they have been learning C.
3. The third group consisted of 102 second
course students (generation 1990) of the
Computer and Control Department at the
Faculty of Technical Sciences in Novi Sad.
The students in this group, apart from C, have
learned the programming languages C++ and
Java so they already have a considerable
programming experience relative to the
previous group.
Volume 6 / Number 4 / 2011

4. The fourth group consisted of 11
postgraduates of the Computer and Control
Department at the Faculty of Technical
Sciences in Novi Sad.
Now, let us introduce notation and quantities
used for statistical analysis of the results. Let N be
the number of respondents for a specific group. Let
ai be the number of correct answers for the question i , where i = 1,3,5,7,9 (coding style used).
Let b j be the number of correct answers for the
question j, where j=2, 4, 6, 8, 10, (coding style not
used). The total numbers of correct answers for
the questions where coding style is implemented
and where is not implemented are respectively the
following:
A = ∑ a i , i = 1,3,5,7,9 , . ................ (1)
i

B=∑ bj ,
j

j = 2, 4, 6, 8,10 . ............ (2)

Now we can calculate the probability of giving a correct answer respectively to the question
where coding style is used and where is not used:
P=

A , .............................. (3)
5N

Q=

B ............................... (4)
5N

The random variable representing the correctness of the answer follows Bernoulli distribution
so by the method of maximum likelihood we can
prove that P and Q are the most reliable estimates.
By solving the quadratic equations on variables
p and q :
5 N ( 5 N + Z 925 % ) p 2 + 5 N ( - 2 A - Z 925 % ) p + A 2 = 0

.,
........................................ (5)

5 N ( 5 N + Z 925 % ) q 2 + 5 N ( - 2 B - Z 925 % ) q + B 2 = 0

.
........................................ (6)
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where Z95%=1.96, we obtain solutions that form
the 95% confidence intervals

[ p1 , p 2 ]

for the

probability P and [q1 , q 2 ] for the probability Q .
The impact factor of the coding style on the
group under consideration is denoted by λ where

3. Experiments
In this section, we review the results of the experiments and calculate the statistics.
3.1 First group of respondents

λ = P - Q .............................. (7)
Apparently, the factor λ belongs to the interval
[-1,1] , so we conclude:

–– if P > Q , then λ > 0 and we say that there
is a positive impact,
–– if P < Q , then λ < 0 and we say that there
is a negative impact,
–– if P ≈ Q , then λ ≈ 0 so we state that there
is no impact.
In addition, we will consider the inter-group
agreement and analyze correlation between them.
First, for the group X we define the frequency of
correct answers for question k :
f

X

a k N ,
bk N ,

(k ) = 

k = 1,3,5,7,9
.......... (8)
k = 2,4,6,8,10

For the functions f X and f Y we will calculate
the coeficient of linear correlation r XY , where X
and Y are different groups of respondents.

The number of respondents in the first group was
N=30. In the Table 1 the results are given for the
exercises where coding style was used, and then the
statistics A and P are calculated. Similarly, in the
Table 2 the results are given for the exercises where
coding style was not used, followed by statistics B
and Q. By solving the quadratic equation (5), we obtain 95% confidence interval [0.5268, 0.6812] for
the probability P that the first group will correctly
solve the exercise with coding style implemented.
By solving the quadratic equation (6), we obtain 95% confidence interval [0.2690, 0.4190] for
the probability Q that the first group will give the
correct answer when coding style is not used. From
the formula (7), we calculate the impact factor of
the coding style for the first group as λ = 0.2667 .
3.2 Second group of respondents
The size of the second group of respondents is
N=186. The results are given in the Tables 3 and 4.
The 95% confidence interval for the probability P is [0.5725, 0.6352] .

Table 1. The results for the first respondent group for exercises where coding style was used
Questions
True answers
False answers

1
16
14

3
19
11

5
18
12

7
21
9

9
17
13

A

P

91

0.6067

Table 2. The results for the first respondent group for exercises where coding style was not used
Questions
True answers
False answers

2
12
18

4
11
19

6
5
25

8
13
17

10
10
20

B

Q

51

0.3400

Table 3. The results for the second respondent group for exercises where coding style was used
Questions
True answers
False answers
1076

1
93
93

3
120
66

5
111
75

7
133
53

9
105
81

A

P

562

0.6043
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Table 4. The results for the second respondent group for exercises where coding style was not used
Questions
True answers
False answers

2
76
110

4
75
111

6
29
157

8
79
107

10
73
113

B

Q

332

0.3570

Table 5. The results for the third respondent group for exercises where coding style was used
Questions
True answers
False answers

1
57
45

3
71
31

5
65
37

7
79
23

9
63
39

A

P

335

0.6569

Table 6. The results for the third respondent group for exercises where coding style was not used
Questions
True answers
False answers

2
50
52

4
42
60

6
22
80

8
75
27

10
48
54

B

Q

237

0.4647

Table 7. The results for the forth respondent group for exercises where coding style was used
Questions
True answers
False answers

1
10
1

3
11
0

5
9
2

7
11
0

9
10
1

A

P

51

0.9273

Table 8. The results for the forth respondent group for exercises where coding style was not used
Questions
True answers
False answers

2
9
2

4
10
1

6
9
2

The 95% confidence interval for the probability Q is [0.3268, 0.3883] . Finally, for the second
group we obtain λ = 0.2473 .
3.3 Third group of respondents
The size of the third group of respondents is
N = 102. The results are given in the Tables 5
and 6.
The 95% confidence interval for the probability P is [0.6146, 0.6968] .
The 95% confidence interval for the probability Q is [0.4218, 0.5081] . Finally, for the third
group we obtain λ = 0.1922 .
3.4 Forth group of respondents
The number of respondents in the fourth group
was N = 1. The results are given in the Tables 7 and 8.
Volume 6 / Number 4 / 2011

8
10
1

10
10
1

B

Q

48

0.8727

The 95% confidence interval for the probability P that the fourth group will correctly solve
the exercise with coding style implemented is
[0.8274, 0.9714] .
The 95% confidence interval for the prob-

ability Q that the fourth group will correctly
solve the exercise with coding style not used is
[0.7598 0.9370] . Finally, for the fourth group we
obtain λ = 0.0545 .

4.  Analysis of the results
Based on the formula (8), we calculate the
frequency of correct answers f for each question
and for each group. Figure 1 presents the obtained
results. Note that usually the questions on odd
positions (coding style is implemented) are local maximums, but on the even positions (coding
style is not implemented) are local minimums of
the frequency f.
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The estimates for the probabilities P and Q
have an increasing trend depending on the level
of programming experience. The first and the second group are currently learning programming
language C, and we can notice that they show approximately the same values for P and Q . The
third group shows evidently better results for both

Figure 1. Frequency of correct answers for all
respondent groups
From the functions f X and f Y , we calculate
coeficient of linear correlation r XY , where X and
Y are different groups of respondents. The obtained results are given in the Table 9. From the results we conclude that average coeficient of linear
correlation is r = 0.7229 . In general, this result
shows that on the same questions all groups answered with high correlation and this fact strongly
verifies our experiments and collected data.
In the Table 10 a summary of the results is given
for all respondent groups. It is readily noticed that
the estimates for the probability P are bigger than
the appropriate values for the probability Q . This
suggests that a respondent from every group better understands and analyzes the program, which
is written in accordance with the style he/she uses.

P and Q . Note that this group consists of the students who have taken the course on the programming language C in the last year, and C++ and
Java in the present year. Finally, the forth group,
that is consisted of the postgraduates who have
previously learned several programming languages, has the best results for both P and Q . This
result suggests that active use of the coding style
has a positive effect on the development of the
computer programming educational profile.

Figure 2. Comparative graphs of P, Q and λ

Table 9. Coefficients of linear correlation
First group
Second group
Third group
Forth group

0.8496
0.7472
0.6158
First group

0.8730
0.6395
Second group

0.6122
Third group

Forth group

Table 10. Summary of results
First group
Second group
Third group
Forth group
1078

P
0.6067
0.6043
0.6569
0.9273

Q
0.3400
0.3570
0.4647
0.8727

λ
0.2667
0.2473
0.1922
0.0545
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Finally, the factor λ measures the overall impact of coding style on the results of the respondent
group under observation. It follows from the Table
10 that using coding style has a positive impact
on every of the four groups. In addition, the value
of λ decreases with increasing programming experience. The last observation suggests the conclusion that for more experienced programmers
the impact of coding style on the code readability
becomes less substantial. Figure 2 shows graphical comparison of the values of estimates for the

to pay more attention to this topic and thus improve the quality of the programming education.
In the future we plan to study the impact of coding style to the work of professional programmers
in firms and to compare the results with the ones
obtained so far. We also plan to develop methods
for fast program analysis and investigate their use
and relevance.

probabilities P , Q and the factor λ .

This work was partially supported by the Ministry of Science and Technological Development
of the Republic of Serbia within the project “Development of new information and communication technologies, based on advanced mathematical methods, with applications in medicine, telecommunications, power systems, protection of
national heritage and education” (No. III44006).
We thank Stevan Bogdanović, Predrag Rakić and
Zorica Suvajdžin for discussion and suggestions,
Bojan Pušić and Boris Nikšić for technical supports and, finally, our pupils, students and postgraduates who participated in this research.

5. Conclusions
In order to study the impact of coding style on
the readability of C programs a questionnaire with
10 questions/exercises was constructed. In every
question, the respondent was asked to determine
the behavior of a C program and to guess the output. The number of respondents in the survey was
329 and they were divided into four groups based
on their programming experience. The results obtained show that the respondents in every group
are able to analyze the code in a better way if it
is written in accordance with the style they use.
Finally, with an increase of reader’s programming
experience the impact of the coding style on program readability decreases, meaning that more
experienced programmers are less influenced by
changes in the coding style. This paper states that
coding style is one of the main factors that strongly influence code readability and its active use and
learning has a positive effect on the development
of the computer programming educational profile.
Active learning of the coding style is often neglected in the process of programming education.
It is usually something that students are expected to
establish all by themselves. In addition, the training process is directed more towards the program
development than to the maintenance, the fact that
is not justified by practice since around 70% of
programming costs are maintenance costs [6, 7, 8,
30, 31]. The aim of our paper is to promote active
learning and implementation of coding style in the
process of programming education. We hope that
our paper will motivate the academic community
Volume 6 / Number 4 / 2011
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Appendix A. Questionnaire
The questionnaire is consisted of 10 examples
– five use the code style (questions 1, 3, 5, 7 and
9), while the other five do not (questions 2, 4, 6, 8
and 10). In each of them, the respondent is asked
to determine the behavior of a given C program
and to guess its output.
*** 1.
double d=0.5;
double f=1.5;
double g=2.5;
if(d==0.5)
d=1.5;
f=2.5;
g=3.5;
if(f==1.5)
d=2.5;
f=3.5;
g=4.5;
if(g==4.5)
d=0.5;
f=1.5;
g=2.5;
printf("%.2lf %.2lf %.2lf ", d, f, g);
The
a.)
b.)
c.)

program outputs:
0.50 1.50 2.50
2.50 3.50 4.50
1.50 2.50 3.50

*** 2.
int a=0, b=10, c=20;
if(a==0) a=10; b=20; c=30;
if(b==10) a=20; b=30; c=40;
if(c==40) a=0; b=10; c=20;
printf("%d %d %d ", a, b, c);
The
a.)
b.)
c.)

program outputs:
20 30 40
0 10 20
10 20 30

*** 3.
int n=4;
int i, j;
double p=1;
double w=0;
int m[4][4]={{1,1,1,1},{2,2,2,2},{1,1,1
,1},{2,2,2,2}};
for(i=0; i<n; i++)
for(j=0; j<n; j++)
p*=m[i][j];
w=p/2;
printf("%.2lf %.2lf ", p, w);
Volume 6 / Number 4 / 2011

The
a.)
b.)
c.)
d.)
e.)
f.)
g.)

program outputs:
24.00 12.00
256.00 128.00
12.00 6.00
128.00 64.00
64.00 32.00
32.00 16.00
512.00 256.00

*** 4.
double s=0, f=0;
int niz[4][4]={{2,4,6,8},{1,3,5,7},{1,1
,1,1},{5,5,5,5}};
int n=4, i, j;
for(i=0; i<n; i++)
for(j=0; j<n; j++)
s+=niz[i][j];
f=s/(n*n);
printf("%.2lf %.2lf ", s, f);
The program outputs:
a.) 60.00 3.75
b.) 20.00 1.25 36.00 2.25 40.00 2.50
60.00 3.75
c.) 20.00 1.25
d.) 20.00 1.25 16.00 1.00 4.00 0.25
20.00 1.25
e.) 5.00 0.31
*** 5.
int n, m;
for(n=0, m=0; n<=9 && m<=4; n+=3, m++)
printf("%d ", n);
printf("%d ", m);
The
a.)
b.)
c.)
d.)
e.)

program
0 0 3 1
0 3 6 9
0 3 6 9
0 0 3 1
9 4

outputs:
6 2 9 3 10 4
12 5
4
6 2 9 3

*** 6.
int i, j;
for(i=0, j=10; i<=5 && j<=18; i++,
j+=2) printf("%d ", i); printf("%d ",
j);
The
a.)
b.)
c.)
d.)
e.)

program outputs:
0 10 1 12 2 14 3 16 4 18 5 20
0 1 2 3 4 5 20
0 10 1 12 2 14 3 16 4 18
0 1 2 3 4 20
5 18

*** 7.
int d=0;
int f=0;
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while(d<5){
d++;
if(d%2==0) {
f++;
}
d--;
printf("%d %d", d, f);
}
The
a.)
b.)
c.)
d.)
e.)
f.)
g.)

program outputs:
0 0
Infinite loop
5 3
5 2
4 3
4 3
0 3

*** 10.
int d=0, f=0;
while(d<3) if(f<5){ f++;
d++;
}
printf("%d %d ", d, f);
The
a.)
b.)
c.)
d.)
e.)
f.)
g.)

program outputs:
Infinite loop
0 0
3 3
5 5
5 3
3 5
1 5

*** 8.
int q=5, w=7;
while(q>0){
q--;
if(q%2==0) {
w++;
}
q++;
printf("%d %d ", q, w);
}
The
a.)
b.)
c.)
d.)
e.)
f.)
g.)

program outputs:
5 7
0 2
1 2
0 3
Infinite loop
0 7
5 0

*** 9.
int q=0;
int w=0;
while(q<4)
if(w<6){
q++;
w++;
}
printf("%d %d ", q, w);
The
a.)
b.)
c.)
d.)
e.)
f.)
g.)

program outputs:
1 6
6 4
4 6
4 4
6 6
Infinite loop
0 0
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FOS GIS solutions in Web Mapping
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Abstract
Free open source (FOS) solutions, to a large
extent, are the main driving power in changes,
particularly expressed in the web sphere.
Evolution of Web Services, Mashup services and free API solutions contribute to the rapid
transformation of the Web in more and more interactive environment, which becomes the point of
attachment of a variety of different services from
which derive entirely new services. An excellent
opportunity to combine different services is expressed through the Web Mapping.
Various open source community contribute to
the development of numerous Web-based services
that are becoming unavoidable for direct use, or
combination with other Web-based services. Open
GIS community has made standardization and increased availability of GIS technology possible,
especially through open source software, such as
QGIS software package. Its use on the Internet,
through GIS techniques for numerous interactive
map interfaces, led to the development of separate
GIS Internet service. Various open source plugins have contributed to the improvement of GIS
and the way it is used. Google Layer, OGR2Layer
and OpenLayers are some of the important tools
reviewed in this paper which are very useful for
web mapping. Also, it will be described the use of
GIS layers, created in open source solutions, and
implemented in Google Earth application.
Key words: Open Source, GIS, QGIS, Google
Layer, OGR2Layer, Google Earth.
1. Introduction
Free and Open Source Software for GIS and its
utility have become more common over the last few
years as several free software solutions have matured
to the point that they are able to replace proprietary
software [1]. Thanks to the new GIS technologies, it
Volume 6 / Number 4 / 2011

is possible to use GIS data over the Internet so that
the user is able to ask for different information in the
geographic information database.
OGC (Open GIS Consortium) played a major role in creating a standardized format among
different GIS applications. It also helped create
high quality competitive open source software,
with QGIS leading the field with its numerous upgrades. OGC helped develop Map Server which
contributed to the GIS technology become present
on the Internet through various applications.
This paper reviews the use of GIS layers in
Google Earth application and QGIS plug-ins
which are very useful in web mapping. Google
layer uses maps from the Internet service Google
Maps which further uses already made maps and
adds vector layers that we have created in QGIS.
OGR2Layer uses Open Street Map services to display the projected map with QGIS vector elements
in a Web browser. It is very useful for web developers, because it uses simple tools to create its
own html code that Open Street Map Servers and
its database use to display a desired map. All of
this will be reviewed in details in this paper. With
help of Open layer tool it is possible to add many
components, such as zoom and hand tool and adjustment of different map vector layers. Numerous
add-ons that make work with maps a lot easier can
be installed through QGIS Python Plug-ins.
2. Related Work
In the last few years, there has been a significant development in the area of free and open
source geospatial software. Research has flourished over the decades from vendor dependent
software to open source software where researchers are paying increasing attention to maximize
the value of their data so that resources can be utilized more efficiently. The importance of FOS for
Geographic Information System (GIS) is obvious,
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that through the quantity of projects, communities,
conferences and other events organized with increasing success [2].
QGIS is one of the most important free open
source pieces of software which have become
even competitors to commercial GIS solutions,
such as products of ESRI and Auto Desk Company. It is possible to visualize, manage, edit,
analyze data, and compose printable maps. Two
unique features of QGIS include the linkage (expandable) to GRASS functionalities and the support of DWG file formats. QGIS supports basic
ESRI shape files and coverage formats [3]. Also,
provides access to data from external sources by
using the WMS and WFS standards. An attractive feature for other programmers is the option
to write QGIS plug-ins in Python to add custom
functionality [2]. In this moment, there are about
170 plug-ins within standardized QGIS and 3rd
party repositories which largely enrich the capabilities of QGIS software.
Rapid development of the Internet was an
additional stimulus to creating and using maps.
The opportunities brought by the development of
hardware and software have changed scientific
and social needs for georeferencing. Web Map
services not only provide a dynamical display of
data but also enable interaction with the user [4],
as evidenced by numerous maps related services,
such as Google Earth, Virtual Earth, MapQuest,
Google Maps, etc. Beside these public services,
specific WMS can be created within GIS and
used for problem solving at certain locations. Beside 2D display of maps, many solutions with 3D
capabilities of modeling objects have been introduced with the purpose of better visualization of
specific problems that need to be solved through
spatial examination using GIS tool, so-called 3D
GIS [5].
Recently, Free and Open Source Geospatial
Software has made an enormous breakthrough,
as evidenced by the fact that website freegis.com
has more than 300 GIS solutions, plug-ins and
projects [6]. The establishment of OSGeo Foundation by several GIS user communities in 2006
put FOS GIS to a higher level through sponsorship of various GIS projects, conferences and
OSGeo journal [7].
1084

3. Open GIS georeferencing implemented
in Google Earth
Google Earth with Google Maps is the most
powerful and most used service for the Web Mapping. Latest version of Google Earth offers outstanding opportunities, realistic maps, 3D view,
and many other advanced options. Within Google
Earth it is possible to import GIS features, such as
raster and vector layers, and is particularly adapted to display the most popular GIS SHP format.
The ability to combine the best developed map
services such as Google Earth with GIS elements,
leading to increased use of this service in a very
serious purpose such as monitoring weather conditions, evacuation planning, supply and repair of
damaged areas etc. It can be used in many other
areas where normally GIS technology can be used.
In the example below (Figure 1), we have presented the creation of layers in the Open Source program QGIS, and implementation of such layers
directly to Google Earth (Figure 2).
In QGIS, using georeferencing, or from known
coordinates, the objects, paths and polygons, that
we want to display in Google Earth, need to be
created. It should be noted that the georeferencing
system used in the QGIS does not follow the label
and labeling options from Google Earth, which will
probably be improved in future versions of QGIS.
After the georeferencing, these layers need to
be saved in SHP format, which is readable from
Google Earth.
Google Earth provides the user the ability to
overlay images, icons, and polygons via Extensible Markup Language (XML) tags and Keyhole
Markup Language (KML). These user-generated
products may be shared over the internet and requested by Google Earth at specified intervals,
which provides the ability to stream continuously
updating real-time imagery [8].
A very good possibility is that such code can
be implemented within the desired web site.
In this way, it is provided a direct interactive
preview of certain locations or specific elements
of GIS to users, through Google Earth.
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Figure 1. Georeferencing in QGIS

Figure 2. Implementing a QGIS layer directly to
Google Earth
KML code that was used for the above example looks like this:
<?xml version="1.0" encoding="UTF-8"?>
<kml xmlns="http://www.opengis.net/
kml/2.2" xmlns:gx="http://www.google.
com/kml/ext/2.2" xmlns:kml="http://www.
opengis.net/kml/2.2"
xmlns:atom="http://www.w3.org/2005/
Atom">
<Document>
<name>Srednje skole.shp</name>
<Schema name="Skole" id="S_Skole_I">
<SimpleField type="int" name="id_2"><dis
playName>&lt;b&gt;id&lt;/b&gt;</displayName>
</SimpleField>
</Schema>
<Style id="normPointStyle">
<IconStyle>
<color>ff0000ff</color>
<scale>2</scale>
<Icon>
<href>http://maps.google.com/mapfiles/
kml/shapes/placemark_circle.png</href>
Volume 6 / Number 4 / 2011

</Icon>
</IconStyle>
<LabelStyle>
<color>ff0000ff</color>
</LabelStyle>
<BalloonStyle>
<text><![CDATA[<table border="0">
<tr><td><b>id</b></td><td>$[Skole/
id_2]</td></tr>
</table>
]]></text>
</BalloonStyle>
</Style>
<Style id="hlightPointStyle">
<IconStyle>
<color>ff0000ff</color>
<scale>2</scale>
<Icon>
<href>http://maps.google.com/mapfiles/
kml/shapes/placemark_circle_highlight.
png</href>
</Icon>
</IconStyle>
<LabelStyle>
<color>ff0000ff</color>
</LabelStyle>
<BalloonStyle>
<text><![CDATA[<table border="0">
<tr><td><b>id</b></td><td>$[Skole/
id_2]</td></tr>
</table>
]]></text>
</BalloonStyle>
</Style>
<StyleMap id="pointStyleMap">
<Pair>
<key>normal</key>
<styleUrl>#normPointStyle</styleUrl>
</Pair>
<Pair>
<key>highlight</key>
<styleUrl>#hlightPointStyle</styleUrl>
</Pair>
</StyleMap>
<Folder id="layer 0">
<name>Skole</name>
<Placemark>
<styleUrl>#pointStyleMap</styleUrl>
<ExtendedData>
<SchemaData schemaUrl="#S_Skole_I">
<SimpleData name="id_2">1</SimpleData>
</SchemaData>
</ExtendedData>
<Point>
<extrude>1</extrude>
<coordiates> 20.51959805752795,43.138664
12800031,0</coordinates>
</Point>
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</Placemark>
<Placemark>
<styleUrl>#pointStyleMap</styleUrl>
<ExtendedData>
<SchemaData schemaUrl="#S_Skole_I">
<SimpleData name="id_2">2</SimpleData>
</SchemaData>
</ExtendedData>
<Point>
<extrude>1</extrude>
<coordinates> 20.52125936504611,43.13798
369564237,0</coordinates>
</Point>
</Placemark>
<Placemark>
<styleUrl>#pointStyleMap</styleUrl>
<ExtendedData>
<SchemaData schemaUrl="#S_Skole_I">
<SimpleData name="id_2">3</SimpleData>
</SchemaData>
</ExtendedData>
<Point>
<extrude>1</extrude>
<coordinates> 20.52090566731644,43.13793
676899372,0</coordinates>
</Point>
</Placemark>
<Placemark>
<styleUrl>#pointStyleMap</styleUrl>
<ExtendedData>
<SchemaData schemaUrl="#S_Skole_I">
<SimpleData name="id_2">4</SimpleData>
</SchemaData>
</ExtendedData>
<Point>
<extrude>1</extrude>
<coordinates> 20.51195604294449,43.13246
956793888,0</coordinates>
</Point>
</Placemark>
<Placemark>
<styleUrl>#pointStyleMap</styleUrl>
<ExtendedData>
<SchemaData schemaUrl="#S_Skole_I">
<SimpleData name="id_2">6</SimpleData>
</SchemaData>
</ExtendedData>
<Point>
<extrude>1</extrude>
<coordinates> 20.51425043810987,43.14387
832413693,0</coordinates>
</Point>
</Placemark>
<Placemark>
<styleUrl>#pointStyleMap</styleUrl>
<ExtendedData>
<SchemaData schemaUrl="#S_Skole_I">
<SimpleData name="id_2">7</SimpleData>
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</SchemaData>
</ExtendedData>
<Point>
<extrude>1</extrude>
<coordinates> 20.51613027530378,43.14294
869590545,0</coordinates>
</Point>
</Placemark>
</Folder>
</Document>
</kml>

4. QGIS Free Open Source Plugins
As we have mentioned before, there are about
170 plug-ins for QGIS which more or less make
work easier. All plug-ins are created in Python
and it is possible to additionally modify and adjust
them according to one’s needs [9].
Google Layer
Google Layer uses Google maps to which we
can add predefined QGIS layers. Google Layer
can display maps in these modes:
–– Road Map
–– Mobile Map
–– Terrain Map
–– Satellite
–– Hybrid
Before uploading a Google map, we need to
define CRS (Coordinate Reference System) in
Google Mercator EPSG:900913. For the purposes
of this paper we did railway system of
south east Serbia as shown in Figure 3. After
adjusting a desired map mode, Google Layer,
which projected a map over already existing layers of the railway map, is activated (Figure 4). It is
worth mentioning that it is possible to make highly detailed maps using zoom in combination with
Google Layer tool, so that with the help of appropriate Google Map mode [10], we can display different locations with detailed georeferencing. We
can use these maps for spatial problem solving or
on the Internet.
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Figure 3. Railway system of south east - Serbia

Figure 5. QGIS “Town center to Stadium layer”
added directly to the OpenStreetMap service
5. Conclusion

Figure 4. Google Maps Layer –implemented in
railway system of south east Serbia
OGR2Layer
OGR2Layer relies on free OpenStreetMap display of maps [11]. It is possible to adjust which
elements of OpenStreetMap API the final map
will have through the combination of layers that
we have already created in QGIS georeferencing.
The most important control of OpenStreetMap is
panZoomBar [9].
For the purposes of this paper, we have created
a simple vector layer in QGIS, that will mark the
path from Town center to Stadium. With the help
of OGR2Layer plug-in, the layer is implemented
through OpenStreetMap service and exported into
an HTML file which can be directly used in a web
browser (Figure 5). It is interesting that these locations can be displayed in a far more zoomed out
map so that we can easily get to the desired location by classic zoom mode or double-click [9].

Volume 6 / Number 4 / 2011

Free and Open source GIS have become important players in all fields of GIS. We emphasized the incredible capabilities to upgrade and
adjust these software solutions and their use in
Web Mapping. Services such as Google Earth and
Google Maps have become very powerful tools
for combination with GIS elements and their uses
in Web Mapping.
Web mapping has indeed become extremely
popular Web service through public map services
and possibility to create individual services with
the help of GIS tools. As it is has been shown in
this paper, QGIS software solution is an interesting tool for all kinds of GIS mapping. The already
described plug-ins are just a part of what can
be achieved using QGIS for Web mapping. It is
worth mentioning that Web mapping in terms of
a specific spatial problem of our community gives
opportunity to present and use such service via the
Internet. Demand for GIS data is increasing on
daily basis, and therefore users will have a simple
access to data and adjust its implementation to
their own needs.
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Abstract
Today no one would dispute that enterprise
software (e.g. ERP system) has become important
cornerstone of an enterprise’s ability to successfully compete in the global marketplace. Different
strategic intentions of implementing ERP systems
affect the effectiveness aspects at the stage of postimplementation ERP. There are different research
approaches which try to develop models for ERP
success measurement or information systems
(IS) success measurement in general. The measurement of IS success or effectiveness has been
widely investigated throughout the IS research
community. Theorists, however, are still grappling
with the question of which constructs best measure IS success.
This research paper shows some of the most
important models developed in the literature and
an overview of the different approaches of the
models. Also, re-examine the updated DeLone
and McLean model of ERP systems success. The
updated DeLone and McLean model was applied
to collect data from the questionnaires answered
by 117 users of ERP systems at four selected companies in Serbia. Finally, this study suggests that
the first three dominant success factors of selected
companies are related to the quality dimensions,
meaning that the success of implementing ERP
system is largely determined by the quality dimensions.
Key words: Success measurement, DeLone
and McLean Success Model, ERP success model,
Critical Success Factors
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1. Introduction
The global nature of modern marketplace and
rapid changes of business environment enforces
companies to modernize their approach to the
business processes and to implement modern Information Communication Technologies (ICT) if
they want to be successful. In the past, companies
were used to competing based on two competitive
performance objectives such as price and quality.
However, present markets demand both price and
quality in addition to greater flexibility and responsiveness and thus today’s organizations must
compete based on all competitive objectives [1].
Companies today face the challenge of increasing competition, expanding markets, and rising
customer expectations. This increases the pressure
on companies to lower total costs in the entire supply chain, shorten throughput times, drastically reduce inventories, expand product choice, provide
more reliable delivery dates and better customer
service, improve quality, and efficiently coordinate global demand, supply, and production [2].
All companies, however, will need to update
their business infrastructure and change the way
they work to respond more immediately to customer needs. The key to competitiveness lies in
a solid Information System (IS) infrastructure
seamlessly aligned with core business processes
developed for the delivery of high quality products and services to customers within the optimal
time. Companies shift their ICT strategies from
developing in-house information systems to purchasing application software, such as Enterprise
Resource Planning (ERP) systems, to generate
synergies and enhance operating efficiency [3].
1089
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ERP system is an integrated software solution
that spans the range of business processes that
enables companies to gain a holistic view of the
business enterprise. It promises one database, one
application, and a unified interface across the entire enterprise [4]. ERP systems consist of different modules which represent different functional
areas and they offer integration across the entire
business, including Human Resources, Accounting, Manufacturing, Materials Management, Sales
and Distribution and all other areas which are required in different branches [5]. ERP supports a
process-oriented view of the enterprise and provides standardized business processes and realtime information for the management [6].
An investment in ERP represents a significant
commitment of resources and it has a dramatic effect on all operational aspects of a business [7] so
it is very important to evaluate the success of ERP
implementation projects. Information Systems
(IS) success is one of the most widely used dependent variables in information systems research
and as a complex concept, its measurement is expected to be multi-dimensional in nature. Not surprisingly, much attention has been given to how
best to measure it [8,9,10,11].
This research paper shows some of the most important IS and ERP success models developed in
the literature and provide empirical investigation of
an adaptation of DeLone and McLean's IS Success
Model in the context of ERP systems. The goal is to
obtain the users’ perceptions about the importance
of Critical Success Factors (CSFs) in order to establish a rank among them. It is a valuable effort, since
IS users and IS experts have signiﬁcantly different
perceptions on IS success [12].
2.  Information Systems Success
Measurement
Despite the large number of empirical studies in
IS success, what exactly is meant by “IS success”
has never been clear nor researchers found much
agreement about that [13]. It appears that IS success
is one of the controversial issues that has eluded IS
researchers. The problem is compounded because
success is a multidimensional concept that can be
assessed at different levels (such as technical, indi1090

vidual, group, organizational) and using a number
of not necessarily complementary criteria (such as
economic, financial, behavioral and perceptual).
Success is a dependent variable of the reached
quality level. If the quality of the ERP system running is poor, the success will be also poor in most
cases. According to the ISO 9000-2005 standard,
the quality of something can be determined by
comparing a set of inherent characteristics with a
set of requirements. If those inherent characteristics meet all the defined requirements, high or excellent quality is achieved. If those characteristics
do not meet all defined requirements, a low or poor
level of quality is achieved. By linking quality to
requirements, ISO 9000 argues that the quality of
something cannot be established in a vacuum and
quality is always relative to a set of requirements.
The success or failure of information systems is
relative too and must be measured in relation to
the expectations of the organization that implements the system [14].
Although success is complex and difficult to
measure, researchers are making efforts in doing
so. Most of the practical measurements focus on
delivering a functional IS product within certain
economic and temporal constraints. A system
must first be accepted to be used and that should
increase the probability of system success [15]. A
lot of research has been focused on defining factors and measures that should capture the characteristics of an information system but such factors
might not capture the intangible or indirect value
generated by the according system [16]. It is reasonably easy to evaluate tangible implementation
costs, e.g. software license, hardware, consultancy, and training, but other intangible costs are
much more difficult to measure and evaluate (e.g.
productivity dip) [17].
2.1 Information Systems and ERP Success
Models
An IS has many stakeholders (e.g. developers, management, end users), each with a different deﬁnition of system success. From the end user’s perspective, a successful system may be one
that improves the use’s job performance without
inﬂicting undue annoyance.
Volume 6 / Number 4 / 2011
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After the extensive review of the existing literature in the field of success measurement, different
models were identified and examined. In the following section of this paper some models for success measurement are listed and briefly explained.
Overview of the existing success measurement
models without an extensive explanation of each
framework is presented in Table 1.
There are other success models which are very
similar to existing models such as the research of

Seddon [9] or very specific for measuring only one
aspect of IS success, like the research of Sedera et
al. [19] who studied the relation of the size of the
organization and the success achieved or Wu and
Wang [20] who investigated the key user’s viewpoint in success measurement approaches.
In that area of study, the work of DeLone &
McLean [8,21,11] is regarded as the most influential
model for assessing IS systems success at the micro
or internal level [22]. The Delone & McLean model

Table 1. Success measurement models consider the end user’s point of view [18]
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of Information System Success has been widely accepted in the academic literature as a powerful and
effective representation of the factors which combine to create success in Information Systems.

be achieved. The net benefits will (positively or
negatively) influence user satisfaction and the further use of the information system.

2.2 DeLone and McLean model
In order to provide a general and comprehensive definition of IS success that covers different
perspectives of evaluating information systems,
DeLone and McLean reviewed the existing definitions of IS success and their corresponding measures, and classified them into six major categories. Thus, they created a multidimensional measuring model with interdependencies between the
different success categories (see Figure 1) [8].

Figure 2. Updated Information Systems Success
Model [21,11]
This model makes two important contributions to
the understanding of IS success. First, it provides a
scheme for categorizing the multitude of IS success
measures which have been used in the research literature. Second, it suggests a model of temporal and
causal interdependencies between the categories [9].

Figure 1. Information Systems Success Model [8]
Motivated by DeLone and McLean’s call for
further development and validation of their model, many researchers have attempted to extend or
respecify the original model. Ten years after the
publication of their first model and based on research contributions, and on changes in the role
and management of information systems, especially the advent and explosive growth of Enterprise Systems DeLone and McLean proposed an
updated IS success model [21,11]. The updated
model is presented on Figure 2.
The updated model consists of six interrelated
dimensions of IS success: information, system and
service quality, (intention to) use, user satisfaction,
and net benefits. The arrows demonstrate proposed
associations between the success dimensions. The
model can be interpreted as follows: A system can
be evaluated in terms of information, system, and
service quality; these characteristics affect the subsequent use or intention to use and user satisfaction.
As a result of using the system, certain benefits will
1092

3.  Objectives and Research Method
This study uses success model for ERP systems
according to updated DeLone and McLean model
for IS success (Figure 3). Information Quality is
measured in terms of accuracy, content, relevance
and format of the information provided by ERP.
System Quality as a functional feature of the system itself, and is measured in terms of ease-ofuse, accuracy, system’s response time, reliability,
ﬂexibility, and integration of ERP systems. Service Quality is measured in terms of ERP service
level, reliability of ERP service, and responsiveness and assurance of ERP service providers.
Information System Use is directly impacted
by Behavioral Intention (BI), a weighted function
of attitude towards usage and perceived usefulness. Perceived usefulness and perceived ease of
use determine attitudes toward usage. According
to Davis [23], all other factors are expected to impact intentions and usage through ease of use and
usefulness. User Satisfaction is measured with
three items: project satisfaction, information satisfaction and users satisfaction.
Volume 6 / Number 4 / 2011
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The primary beneﬁts expected to result from
ERP system are related to the level of integration
that is promoted across functions in an enterprise.
Expectations for improved business performance
after adoption may result from both operational
and strategic beneﬁts [24]. Some of the intangible
beneﬁts included internal integration, improved
information and processes, and improved customer service, while tangible beneﬁts covered cost effectiveness in inventory, personnel, procurement,
improvements in productivity, cash/order management, and overall proﬁtability.
Used success model is a multi-dimensional
model, and the dimensions are interrelated. ERP
systems are ﬁrst implemented and exhibit various
degrees of system, information and service quality. Users and managers then experience these
quality dimensions by using ERP systems for their
works and decisions. Users and managers are either
satisﬁed or not satisﬁed with the ERP systems. The
intention to use ERP system and the three quality
dimensions inﬂuence the individual value of using
ERP system. Collective individual values of using
ERP system trigger inﬂuence on organizational
performance. Sequencing relative individual works
from business processes, the individual impacts
also collectively affect user satisfaction.

Figure 3. Revised ERP success model – proposed
framework [25]
The objective of this study is to investigate
whether traditional information systems success
models can be revised to explore the ERP systems success and to identify the factors which best
measure the success of ERP systems. A qualitative
approach is used to analyze various factors that
inﬂuence the quality of ERP systems.
Selection of the four organizations is based on
the need to collect detailed data about the ERP im-

Table 2. Essential information about ERP system implementation of selected organizations
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plementation process in each organization. Organizations were chosen by the researcher’s ability to
obtain contact addresses for individuals that could
be described as “key informants” in the selected
organizations. The selected organizations vary in
terms of company size, type of industry, as well
as the degree of “success” in their ERP system
implementation efforts. Research was conducted
during the summer 2010 and in all four cases, an
interview was arranged. Observations and results
obtained from the interviews are shown in Table 2.
A questionnaire survey was then conducted in
December 2010. Total of 117 questionnaires were
answered and analyzed.
4.  Respondent’s Characteristics
The personal information of 117 respondents
was summarized as in Table 3. Noticeably, the

gender ratio is 48.7% : 51.3% (male versus female). And 82% of the respondents has College
degree or above, indicating that education is important concern for the employment in the selected industries. The cases of the four selected companies reﬂect successful implementation of ERP
systems. Respondents participating in this study
are all system end users, who are generally experienced and educated, and have been working with
the companies for 4.72 years and with ERP system
for 2.54 years (see Table 3). Empirically based differences in organizational positions, or the user’s
role in the development of the application, may
cause distinct reference frames. Moreover, 32.5%
of the respondents are working in the Finance and
Accounting department, followed by 21.4% in the
Production department, 17.1% in the MIS department, and 12.8% in HR department (see Table 4).

Table 3. Profile of respondents

Table 4. Department profile of respondents
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5. Results and Discussion
5.1. Research instrument and variable measurement
Sekaran and Trafton [26] and Sekaran and
Martin [27] found that the scaling techniques in
different country has different reaction to the same
measure. Barry [28] found that seven point scale
can measure subject correspond to reality precise-

ly than other point scale. The research instrument
contains a series of questions to which participants
mark their level of agreement/disagreement on a
seven-point scale ranging from strongly agree
(score = 7) to strongly disagree (score = 1). Table
5 shows a complete listing of question items.
To determine whether all question items in
Table 5 could be reduced to a smaller group of
meaningful factors, a principal component analysis was conducted based on the responses obtained

Table 5. Question items
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from all respondents. With no item dropped, seven
components with Eigenvalues greater than one
emerged; the best results were obtained with a
varimax rotation. Results of conﬁrmatory factor
analysis indicated that a priori assumption was

substantiated with a seven factor solution, and the
loadings of seven components are presented in Table 6. The Kaiser–Meyer–Olkin measure of sampling adequacy reads 0.781, and the percentage of
variance explained by the ten factors is 90.65%.

Table 6. Results of factor analysis – Rotated Component Matrix
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Table 6 shows that the Cronbach’s alpha coefficients for all dimensions are greater than 0.9, indicating that the internal consistency is acceptable.
5.2. Data analysis and discussion
In order to compare the difference between rating Service Quality dimensions and rating the importance of individual items, importance ratings of
individual items were grouped into the dimensions
proposed by Parasuraman et al. [35]. Each dimension was then ranked according to its overall score.
Analysis of quality dimensions for those four companies indicated that System Quality is the most satisfactory factor as compared with others (see Table
7), implying that those companies are satisﬁed with
the system function of their ERP system. Moreover, the means of Service Quality is higher than
that of System Quality for Company 3 and Company 4 (see Table 7). This research assumed that
Company 3 and Company 4 has trained and experienced MIS staff for maintaining the ERP system.
While respondents at Company 1 and Company 3
considered BU has the highest usefulness, those at
Company 2 argued that NV has the highest usefulness and those at Company 4 considered that NV
and BU are equally useful (see Table 7).

6. Conclusion and Future Research
Like most studies on the business value of ERP
systems, this analysis is limited by both data and
empirical speciﬁcation concerns. Only four companies were investigated; other organizations with
successfully implemented ERP systems may have
been overlooked.
Table 8 shows that the ﬁrst three dominant success factors of selected companies are related to
the quality dimensions, suggesting that the success of implementing ERP system is largely determined by the quality dimensions.
The results indicated that technological newness was the most important factor in determining
the quality of the system. System Quality, such as
performance, ﬂexibility of changes, response time,
and ease of use, is a technical issue. This result
conﬁrmed conventional wisdom that the pursuit
of modern technology is a risky proposition. This
paper empirically tested, using proposed model,
the relationships between variables. In summary,
System Quality and Service Quality are important
dimensions for measuring post-implementation
ERP success. Service Quality and System Quality dimensions play more important roles than
their Information Quality counterpart in terms of
inﬂuencing ERP beneﬁt of Use and User Satisfac-

Table 7. Means and Standard Deviation

Table 8. Comparison of key success factors rating for selecting companies
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tion. The results not mean that any critical success factor is unimportant. It means what are the
respondents’ perceptions about the importance of
them. This is a main issue, since it is possible to
manage the development process with more information about the expectations of end users.
In future, researchers could examine the use
of importance-performance maps or multidimensional scaling and gauge how useful this information is for managers compared to expectations.
Methods of importance-performance mapping
such as those advocated by Martilla and James
[36] or Hawes and Rao [37] should be reexamined to determine if they offer more information
for managers than expectations.
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Abstract
This research paper presents the results of the empirical research on the influence of the competence
of teachers-lecturers on the quality of professional
education in Bosnia and Herzegovina according to
the orientations of teachers. The research is based on
the methods of the theoretical anlysis and the survey
research method in which polling questionnaire was
applied, designed for the needs of this research. The
examinee sample consisted of 75 teachers from 10
vocational high schools on the territory of Bosnia
and Herzegovina. The result of the application of the
theoretical analysis and survey research method lead
to a conclusion that the quality of the professional
education is influenced by competences of teachers,
as well as other factors such as: modular curricula,
management, material resources, finances, etc. Due
to the opinion that the teachers with their competences are the most responsible factors for the quality of education, that is, for poor quality of education
in Bosnia and Hercegovina, according to many critics, our research among teachers themselves seeks
a confimation that their competences influence the
quality. Therefore, scientific information offered in
this research can be useful for the evaluation of the
influence of teachers’ competences on the quality of
the professional education.
Key words: Quality, professional education,
teachers, modular curricula, management
1. Introduction
The development and the evaluation of the
quality of education draws great attention today
1100

throughout the world. However, a question is imposed: “What is high quality education, that is,
what is the quality of education?”
The answer to this question is not simple. The
quality of education can be defined through different approaches, which are closely tied to trends
and researches in pedagogy and education during
the last years of the 20th century. Education is a
sophisticated activity, because each child is unique
and inimitable.
High quality education should not be viewed as
a process of consumption but as a process of interaction between a teacher and his students. The
goal of the education has to be to give students an
opportunity for personal development and to give
them confidence that they will be able to adjust to
new situations and that they will be trained to adjust
to any change, if they find it necessary. The education can never be a neutral process, it will always
be based on values. The balance between objective
facts and the examination of these facts represents
a big challenge for a professional teacher (ETUCE,
2002; Frederiksson, 2010). At the conference in Lisbon 2000 the Council of Europe pointed out that the
human potential is the key value of Europe and that
the investment in human potential will be a critical
factor for the positioning of the European economy
based on knowledge. The European Union views
the quality of education and training as one of the
essential factors for the increase of competitiveness
on the global market. The Council of Europe reports
that “motivation, skills and competences of teachers, vocational trainers, other teaching staff and the
service for professional orientation and social protection, as well as the quality of the school management, are the key factors in achieving high quality
Volume 6 / Number 4 / 2011
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education, and that the efforts of the teaching staff
must be supported by continuous professional enhancement, by good collaboration with parentes, by
students’ social protection and by a wider community” (www.aso.hr).
The competences of teachers, which represent
a collection of knowledge, skills and experience,
and which should contribute to the improvement of the quality of education, can be boosted
through professional enhancement. The competences should be a permanent scope of research
and analysis, and they should be developed an updated continuously (Selvi, 2010).
Because of the significance of the professional
education for the development of the economy, it
is permanently under scrutiny, that is, it is under
continuos criticism. There are numerous initiatives in the world for the control of the quality of
professional education (Hartley and Whitehead,
2006; Vilelegas-Reimers & Reimers, 1996).
Critics claim that one of the basic causes of poor
quality of education in Bosnia and Herzegovina is
the poor quality of the teachers, caused by an inadequate system of initial education of teachers, inadequat educational qualification of the teaching staff
and by a lack of a system for professional enhancement and training and by a lack of a system of the
control of work and evaluation. According to OECD
index of investment reforms for the year 2009, in
which countries of the South-Eastern Europe are
compared, Bosnia and Herzegovina occupies the
lowest rank in the area of the development of human capital in the region. Althoug the review admitts
that there are activities in the development of strategic documents, the lowest position of the country
is caused by a drain of qualified workers due to the
economic migration, poor quality of education and a
large insititutional fragmentation of the educational
system (www.cpu.org.ba). The analysis of the quality of professional education will be presented briefly
in the theoretical discussions based on the avilable
literature, which will be used in this research in order
to lighten this concept up as much as possible.
2. Theoretical discussions
The process of professional education (global
and national) has changed considerably over the
Volume 6 / Number 4 / 2011

past few decades, becase the development of the
economy based on knowledge sets new high standards to the professional education. Apart from
the demands for certain levels of schooling, new
competences are demanded, so that the demands
that are set to teachers have changed considerably.
The changes in education and the society put new
demands to the teachers, the realization of which
requires new competences, the use of new teaching technologies, knowledge of information technologies, interactive teaching methods, teamwork,
protection of the environment, social competences,
etc. The changes demand from a teacher to acquire
new professional knowledge as well as permanent
enhancement in accordance with the advancement
of technics and technology. In order to maintain
a high level of competences of teachers, in other
words, in order to “equip” the teachers with necessary knowledge, changes are needed in the initial
education of the teachers as well as permanent professional - pedagogical - psychological enhancement, the purpose of which is to refresh teacher’s
knowledge. Teachers should keep up with all the
changes in order to improve their professional performances. The development of the competences of
teachers is based on the changes in other branches
of science and in the society (Selvi, 2010).
New competences that are expected from a
teacher-lecturer have become an integral part of
global, European and national documents which
define educational policies (EC, 2006, 2009, 2010).
According to Deming, the quality of any product or service is multi-layered (Deming, 1996).
That means that it should be approached from
different aspects: technical, marketing and managerial. Juran, together with Deming, the highest
authority in the management of quality is of the
opinion that the the quality is a category measured
by a consumer from the aspect of the features of
a product, from the aspect of a lack of flaws (Juran at. al., 1999; Juran, 1996). On the trace of this
definition is the System of norms ISO 9001:2008
which offers a definition of the qulity: “Quality
is a degree to which certain products or services
fullfill the needs of beneficiaries.” Therefore, according to the standard ISO, the quality is a level
at which certain products or services with their essential features and characteristics satisfy the human needs.
1101
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Maslov and Glasser report the following needs,
which are the core of the moving force of every
personality:
Maslov’s hierarchy of needs – motives:
–– physiological needs;
–– a need for safety;
–– a need for love and belonging;
–– a need for reputation and respect;
–– a need for self-actualization;
Glaseser’s list of motives:
–– a motive for surival;
–– a motive for love;
–– a motive for power;
–– a motive for freedom (Muminovic, 2005);
The abovementioned definitions of quality
mostly relate to production. The quality of education is more complex, the quality dimension is
much more important than the quality of the education itself, which is mostly defined according to
the results of the knowledge acquisition. The following things are often forgotten: the people who
make considerable efforts to teach, the content of
the teaching material, the usefulness of the teaching content in the present time and in the future.
Educational technologies and objects are also often forgotten.
The importance of the quality of education is
reflected in the fact that there are many attempts
to define it. One of the definition is given by the
World Bank, that defines the quality in its report:
“The priorites and strategies of education”. In this
report, which deals with the issues of the educational politics, the quality is defined in the following manner: “The quality in education is hard to
define and measure. An adequate definition must
include students’ result. Most educators would
also include in the definition the nature of educational experience which helps to achieve the results
– the learning environment” (Fredriksson, 2010).
In one of the numerous publications of the
UNICEF, “Defining Quality in Education”, it is
said that that high quality education includes the
following:
–– students who are healthy, well upbrought
and ready to participate and learn and who
are supported in the process of learning by
their families and their environment;
1102

–– Environments that are healthy, safe,
protected and sex sensitive and which
provide adequate sources and institutions;
–– Contents which relate to the relevant
curriculum and materials for adoption of
basic skills, especially in the area of literacy,
numbers and skills for life and knowledge
in the areas such as sex, health, food, HIV
prevention and peace;
–– Processes in which trained teachers use a
teaching approach oriented towards children
in well controlled schoolrooms and schools
and a skillful evaluation which can ease the
process of learning and reduce differences;
–– Results which comprise knowledge, skills
and attitudes tied to national goals for
education and positive participation in a
society (www.unicef.org).
Through professional education students are
prepared for jobs based on manual work, that is,
they perform a practical activity for a suitable job
in a vocation (high school, college or university).
The problem of the quality of professional education is not new. It is only topicalized with the
changes and the advancement of technics an technology which is also reflected on the professional
education. These changes contribute, according to
dr Susan Seber to the workshop that dealt with this
issue: “Where is the future of securing of the quality in professional education?” In her introductory
thesis: on topicality of the theme – magic work or
a concept that promises success, she claims:
–– the changes in the structure of a vocation
express a trend towards the education
“without a vocation”;
–– Education for a vocation is increasingly
becoming a “preparatory school” for
enhancement because its ends where
enhancement begins, and
–– The tendency of globalization make the
education a competitive factor for the economic survival by which it remains open which
system of education and qualification will
satisfy the growing demands for achieving
success and quality (Seeber, 2001).
The development and the growth of the quality
in professional education and enhancement goes
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in three directions, says dr. Susan Seeber. The
providers of education will have to deal with the
interpretions of the standard not only as a characteristic difference in the competition.
1. a legitimate demand for the increased
transparency on all levels of educational
processes leads to the “abolition of
privatization” of teaching and education,
and to dissuading from personal attribution
to success.
2. an explicit obligation is demanded to make
an account in the sense of the quality control
by means of evidence and effects, and in
professionalization of the management
and control with the consequences for the
creation of relations between external and
internal evaluation. (Seeber, 2001)
In order to achieve the results of learning, especially in practical education on the level required
by the beneficiaries, it is necessary to obtain a
more active participation of the economy in the
realization of the programme contents. It is no
longer sufficient to supply schools with old machinery and technology which is substitued, but
a full involvement in the educational process will
bring about the acquisition of applicable knowledge, skills and habits, that is, the responsibilty for
the quality of educations should be the task of the
beneficiaries of educational services.
The expectations of interest groups from the
education are different, so that somebody will
always be deprived of such expectations. In the
last decades of the 20th century a tendency is
expressed for the school to be in the function of
the creation of “human capital” which would be a
carrier of the economic progress. It is demanded
that schools train people who can produces goods
of high quality and provide top quality services,
and that requires knowledge, skills and habits. The
economic and political pressure on the education
depend on the current situations, and the task of
the education is to provide permanent contribution
to the society and the economy.
The responsibility for the quality of education
lies mostly with teachers. The quality of the teaching work is a complex issue and it is not easy for
teaches to handle a variety of demands that are put
before them. “The students think about the quality
Volume 6 / Number 4 / 2011

and they know very well what is considered to be
high quality in their schools’ . Students are workers in their schools, but almost no one in the class
produces high quality work. The responsible persons in schools are teachers who manage directly
the students and the officers of educational services which manage teachers (and some students)
and they are mostly extremely dilligent, humane
and hard-working people, but they haven’t found
the methods yet which would guarantee a frequent
and high quality work of students’” (Glaser, 1994).
In practice in the evaluation of the quality it
is taken into account how much progress has a
person made, whose work is being evaluated, in
comparison to some reference point, that is, to another person or a given norm. The beginning of
the implementation of the system of quality management ISO 9001:2008 and EFQM begin to be
“an entrance ticket” for the participation in the
competition for educational demand and serve primarily to ensure the participation on the market as
an increase of the quality of the educational work.
However, the time is short to see the results of
experimental schools, which would inspire other
to follow their footsteps. Satisfied beneficiaries,
as the only criterion of succes is a weak indicator
of the quality on the market of Bosnia and Herzegovina, especially because the beneficiary is not
clearly defined, and neither is the concept of the
satisfaction of the beneficiary of the education defined clearly. When we provide high quality work,
we assess carefully what we do and we come to a
conclusion that it is worth going on like that because we find pleasure in it. (Glasser, 1994).
The quality of education is primarily defined by
carriers of knowledge (teachers, professors-lecturers) who transfer knowledge to students by different
learning methods.(Dimitrijevna, 2004). The results
in the realization of goals and tasks of education
are an important measurement tool in achieving the
quality, but it is important to detect influential factors on the results in the system itself. Apart from
the entrance factor such as admitted students and
the social-economic factor, conditions are also important under which a school works, by which the
training and the quality of the teaching staff have
the largest impact on the quality. Education can
achieve high quality only by teachers – professionals that are interested in the quality. (Glasser, 1999).
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3. Methodological aspect of research
The methodological concept of the research
comprises contemporary research methods and
techniques which are chosen in accordance with
the nature of the problem, with the scope, goals,
task, and the set hypothesis of the research.
The scope of the research
The scope of the research are factors of the quality of professional education.
The goal of the research
The goal of the research was to examine the
views of the teachers on the influence of competences of teachers on the quality of high school
vocational education, and to examine whether the
attendance to seminars organized on the school leves and by other institutions have an impact on the
increase of competences.
The tasks of the research
The tasks of the research are:
1. to examine the orientations of teachers on
their influence on the quality of education;
2. to establish whether the teachers are
interested in professional education;
3. to establish what the teachers appreciate
most in their school;
4. to establish if the most important factor for
the high quality work of teachers is their
salary;
5. to establish if the teachers participate in the
improvement of the modular curricula;
Hypotheses
In our research we started from the hypothesis
that the quality of high school vocational education depend on the competences of teachers.
The following auxilliary theses were derived
from the main hypothesis.
1. the school provides enough room for
professional enhancement of its teachers.
2. On the school level and outside the school,
seminars are organized which contribute to
the increase of the competences of teachers.
3. Teachers are great enthusiasts in ther
profession and the salary is not critical for
achieving high quality.
1104

4. Teachers are interested in the changes of
modular curricula which should follow the
contemporary trends in production.
Methods, techniques and instruments
The following methods were used in the research; the method of theoretical analysis and the
survey research method.
Data collecting was made by the technique of
polling by the use of a polling questionnaire which
was designed for the needs of this research. As a
statistical procedure for item analysis we used
the method of calculation of reliability of inner
accordance (consistency). Cronbach’s Alpha is
0.882, which shows a very good reliability and inner accordance of the scale for this sample.
We used the following techiques for the data
processing:
5. Factor analysis
6. Correlation
1. Descriptive statistics
2. Non-parameter technique: Hi- square
The research was conducted by means of a
polling questionnaire with 8 statements in affirmative form. The offered answeres are statements
that range from full negation to full confirmation
by statements: I completely disagree, I disagre, I
am undecided, I agree, I fully agree.
Variables in th research:
1. organized seminars contribute to the increase
of competences of teachers (OSDPKN).
2. the school gives me an opportunity to
express myself as an appreciated and
respected persona (SPMIUPL).
3. the school management and the headmaster
himself appreciate my work (USCMR).
4. the quality of education contribute depend
on the competences of lecturers-teachers as
well (KOZKN).
5. I attend seminars regularly which enable
professional and pedagogical enhancement
(RUSOSPU).
6. The salary is not the critical factor for the
high quality work (ZKRNP)
7. I can make progress by working in this
school (MNROS)
8. My suggestions for the improvement of
curricula are taken into account by persons
Volume 6 / Number 4 / 2011
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responsible for their creation and adoption
(MSPNPP)
The sample of examinees
The sample of examinees consisted of 75
teachers of vocational high shcools in Bosnia and
Herzegovina in the school year 2010/2011.
4. The results and discussion
The items for the research of the orientations
of teachers were the scope of the factor analysis
of main competences in SPSS Statistics 17. The
factor analysis will enable us to group those questions that mutually contribute most to the explanation of variance and which correlate mutually the
most (Suzic, 2007).
Before the implementation of the analysis of
chief components, the suitability of data for factor
analysis was evaluated. By the review of correlation matrix it is discovered that there are enough
value coefficients larger than 0.3. The value of

Kaiser-Meyer-Olkin index was 0.845 which exceeded the recommended value 0.6, and Bartlett’s
Test of Sphericity reached the statistical importance p=0.000, which indicates the factoriability
of the correlation matrix.
The analysis of the main components discovered the presence of two components with characteristic values over 1, which account for 74.102%
of the variance, component I 58.930%, component II 15.172%. By the review of the diagram
of slide it is established that there is a clear breaking point after the second component. For futher
research we decided to keep both components. In
order to interpret more easily these two components we applied oblimin rotation which pointed
that the item: the quality of education depends on
the competences of teaches-lecturers, too (KOZKN), has given a great weight to the factor 1 and
the item: I attend the seminars regularly which enable professional and pedagogical enhancement
(RUSOSPU) expands with its weight to both factors (as shown in table 1). Between these two factors there is a middle positive correlation r=0.365

Table 1. Matrix of factor weights with oblimin rotation of double factor solutions
Items

Factor weights

Coefficient of correlation of variables and factors

Component

Component

1
0.999
0.992
0.924
0.839
0.672
0.441
-0.154
0.252

KONZKN
ZKRNP
MNROS
MSPNPP
USCMR
RUSOSPU
OSDPKN
SPMIUPL

2
-0.137
-0.126
0.001
0.073
0.242
0.387
0.954
0.625

1
0.907
0.906
0.908
0.862
0.789
0.640
0.360
0.583

2
-0.307
-0.297
-0.177
-0.100
0.075
0.242
0.834
0.479

Tablе 2. Descriptive Statistics
N

OSDPKN
SPMIUPL
USCMR
KONZKN
RUSOSPU
ZKRNP
MNROS
MSPNPP
Valid N
(listwise)

Minimum Maximum Mean Std. Deviation

Statistic

Statistic

75
75
75
75
75
75
75
75

2.00
1.00
3.00
1.00
1.00
1.00
1.00
1.00

Statistic Statistic

5.00
5.00
5.00
4.00
5.00
5.00
5.00
5.00

4.0133
3.6267
4.0800
1.7600
4.2267
1.8133
2.7067
3.3867

Statistic

0.74423
1.19428
0.71206
0.95634
1.27950
0.95427
1.49570
1.01200

Skewness

Kurtosis

Statistic Std. Error Statistic Std. Error

-0.426
-0.993
-0.117
0.980
-1.871
1.058
0.297
-0.285

0.277
0.277
0.277
0.277
0.277
0.277
0.277
0.277

0.010
0.075
-0.986
-0.188
2.295
0.643
-1.328
-0.244

0.548
0.548
0.548
0.548
0.548
0.548
0.548
0.548

75
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In table 2. Descriptive Statistics there are indicators and other information about the analyzed
variables. In order to contine futher analysis we
established that this data belongs to the normal
distribution. Among the results are Skewness and
Kurtosis which give the distrubution of the results
within two groups. On the basis of the value of
Skewness and Kurtosis we can conclude that the
data does not belong to the normal distribution because they are different from zero.
This conclusion is confirmed by KolmogorovSmirnov Test, since p=0.000< 0.05. The real form
of grouped data is seen from their histogram. Histogram Normal Q-Q plot (Figure 1.) shows a considerably normal distribution. However, the curve
Detrended normal (Figure 2.) show real departure
of detected results form the horizontal line which
represents a normal distribution.

Figure 1. Normal Q-Q Plot of I

Figure 2. Detrended normal Q-Q Plot of I
Proving of hypotheses:
Since this is not the case of normal distribution
for proving of the set hypotheses we shall apply
Hi - square.
1106

–– The first auxilliary hypothesis that the school
provides enough room for professional
enhancement of its teachers was confirmed
by the calculated x2 for variable. “The
school gives me an opportunity to express
myself as an appreciated and respected
persona (SPMIUPL)” x2=51.33>18.437,
p=0.000<0.05 with four degrees of
freedom. However, it is not confimed that
teachers can make progress in their schools
because x2=6.133 for variable MNROS
p=0.189>0.05 with four levels of freedom.
–– The second auxilliary hypothesis that
seminars organized on the school level and
outside the school contribute to the increase
of competences of teachers, was being
proved through the calculation of Hi square
for variables “organized seminars contribute
to the increase of the competences of teachers
(OSDPKN)” x2=40.253>18.467, with four
degrees of freedom, p=0.000<0.05 and “I
attend the seminars regularly which enable
professional and pedagogical enhancement
(RUSOSPU)”
x2=25.04>18.467,
p=0.000<0.05 for four levels of freedom.
Hi square confirmed the set auxilliary
hypothesis that seminars contribute to the
increase of competences of teachers, but at
the same time, according to the height of Hi
square it can be concluded that seminars are
not frequented often enough.
–– The statement that teachers are enthusiasts
in their vocation has proved that they are
ready to provide high quality work without
adequate financial retribution, which is
obvious from the calculated value of Hi
square for variable. “The salary is not the
critical factor for the high quality work
(ZKRNP)” which is x2=55.60>18.667
p=0.000<0.05 with four degrees of freedom.
–– The statement that teachers are interested
in changes of modular curricula that should
follow contemporary trends in production
is supported by evidence calculated with
Hi square for variable. “My suggestions for
the improvement of curricula are taken into
account by the persons responsible for their
creation and adoption (MSPNPP)” which is
x2=29.20>18.667 p=0.000<0.05.
Volume 6 / Number 4 / 2011
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–– The proof of the main hypothesis is in the
clculated value of the Hi square variable.
The quality of education depends on the
competence of the teachers-lecturers
(KOZKN) x2=36.627>18.667 with four
degrees of freedom p=009<0.05 so that
we can claim with 95% probability that
the competences of teachers have an
influence on the quality of education.

The established level of correlation between the
items, ranges from high to low according to the interpretation that low r=0.10-0.29, middle r=0.300.49 and high r=0.50-1.00 is show in the table 3.
5. Conclusion
The results obtained on the basis of the implemented research on the sample of teachers from
vocational high schools in Bosnia and Hercegovina

SPMIUPL

KOZKN

USCMR
Spearman’s
rho
RUSOSPU

ZKRNP

MNROS

MSPNPP

MNROS

MSPNPP

RUSOSPU

0.157

0.187

0.138

0.013
75

0.178
75

0.109
75

0.237
75

0.237
75

USCMR

0.286* 0.138 0.310** 0.198

KOZKN

ZKRNP

OSDPKN

Correlation
1.000
Coefficient
Sig. (2-tailed)
.
N
75
Correlation
0.286*
Coefficient
Sig. (2-tailed) 0.013
N
75
Correlation
0.138
Coefficient
Sig. (2-tailed) 0.237
N
75
Correlation
0.310**
Coefficient
Sig. (2-tailed) 0.007
N
75
Correlation
0.198
Coefficient
Sig. (2-tailed) 0.088
N
75
Correlation
0.157
Coefficient
Sig. (2-tailed) 0.178
N
75
Correlation
0.187
Coefficient
Sig. (2-tailed) 0.109
N
75
Correlation
0.138
Coefficient
Sig. (2-tailed) 0.237
N
75

SPMIUPL

OSDPKN

Tabela 3. Correlations

0.007
75

0.088
75

1.000 0.526** 0.449** 0.370** 0.537** 0.536** 0.531**
.
75

0.000
75

0.000
75

0.001
75

0.000
75

0.000
75

0.000
75

0.526** 1.000 0.627** 0.655** 0.946** 0.885** 0.845**
0.000
75

.
75

0.000
75

0.000
75

0.000
75

0.000
75

0.000
75

0.449** 0.627** 1.000 0.443** 0.682** 0.717** 0.597**
0.000
75

0.000
75

.
75

0.000
75

0.000
75

0.000
75

0.000
75

0.370** 0.655** 0.443** 1.000 0.659** 0.585** 0.688**
0.001
75

0.000
75

0.000
75

.
75

0.000
75

0.000
75

0.000
75

0.537** 0.946** 0.682** 0.659** 1.000 0.878** 0.811**
0.000
75

0.000
75

0.000
75

0.000
75

.
75

0.000
75

0.000
75

0.536** 0.885** 0.717** 0.585** 0.878** 1.000 0.778**
0.000
75

0.000
75

0.000
75

0.000
75

0.000
75

.
75

0.000
75

0.531** 0.845** 0.597** 0.688** 0.811** 0.778** 1.000
0.000
75

0.000
75

0.000
75

0.000
75

0.000
75

0.000
75

.
75

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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have confirmed the hypothesis that the competences of teachers are improved by organizing seminars and by attending seminars. However, teachers
through their orientations, which is confirmed by the
Hi square, are of the opinion that they cannot make
progress in their schools. The reasons for that should
be looked for in schools as well as in the legislation.
The statement that teachers are enthusiasts in
their vocation is confirmed because they do not consider their salaries as a critical factor for the quality.
The countries of the European Union solve the
problem of professional enhancement of teachers
in different ways in order to increase the competences of teachers from optional, through optional but necessary enhancement to obligatory
enhancement. Different frameworks are planned
for the enhancement. Because of the importance
that the European Union countries gives to the
competences of teachers, common principles were
adopted regarding the vision of the teaching profession. According to those principles the teaching
profession should be:
1. a well qualified profession,
2. a profession of whole life students,
3. a mobile profession,
4. a profession based on partnership,
Bosnia and Herzegovina is a complex state
where the authorities for educatiion lie with entities and cantons, and the comprehensive, legally
regulated system for the enhancement of competences of teachers does not exist. This is the reason why the problem of enhancement of teachers
is solved through educational seminars.
The results of the research have confirmed that
“Organized seminars contribute to the increase of
the comptences of teachers (OSDPKN)”, however
we can notice from table 3 that the level of correlation of this item with the item “the quality of education depends on the competences of teachers” is
low (rho=0.138, n=75, p=0.237). The reasons for
this should certainly be found in the number of organized seminars, but also in the outdated approach
to the implementation of the programmes of seminars. This could be an indicator to the future organizers of the collective training of teachers that they
have to design seminars so that teachers acquire
knowledge by using methods which can be applied
in their work with studetns. Seminars must provide
1108

for teachers knowledge that they do not have, and
which is essential for their work, and they should
have the opportunity to choose topics in which they
are interested. The compulsion that everyboddy learns everything is not acceptable, which is stated by
teachers themselves in their orientations.
There is a high level of correlation between the
item which indicates that the quality of professional education depends on the competences of teachers and the item that “the salary is not a critical
factor for the high quality work of the teachers”
(rho=0.946, n=75, p=0.000). It is likely that the
teachers through their orientations wanted to point
out the significance of motivation in their work.
The motivation should not be separated from the
high quality work. The teachers can be motivatied
in a wide range of different ways, not only financially. However, in the system of quality evaluation,
it is necessary to forsee ways how to stimulate those teachers who provide high quality work.
In the educational systems in Bosnia and Herzegovina there is no differentiation between those
who provide high quality work from those who do
not, with respect to the finantial retributions. The
Council of Europe did not incidentaly include the
motivation and then the competence of teachers
in the list of elements on which the quality of the
education depends.
The result of the correlation of the item “I can
make progress by working in this school (MNROS)” shows a high level of correlation with the
item “The quality of education depends on the
competence of the teachers” rhp=0.885, n=75,
p=0.000. This can be interpreted in the way that
the enhancement of teachers in a school depends
directly on the qulity of their work, but at the same
time the enhancement has a feedback on the quality.
Between the item: “The quality of education
depends on the competence of teachers-lectureres
(KOZKN)” and the item: “My suggestions for
the improvement of the curricula are taken into
account by persons responsible for their creation
and adoption (MSPNPP)” shows a high level of
correlation (rho=0.845, m=75, p=0.000) which
tells us that the competences of teachers should be
harmonized with the changes that are happening
in the curricula. It is likely that one of the reasons
for a poor quality of education in Bosnia and Herzegovina lies in the fact that the introduction of
Volume 6 / Number 4 / 2011
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the modular curricula was not followed by suitable training of teachers.
The reformers of education should realize that
the quality of education is not achieved merely by
changing the curricula, which is indicated in this
research as well.
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Abstract
The authors start with a generally accepted
belief that education is one of the most important
factors of society’s development, then that its adjustment to changes that follow today’s information age is indisputable and significant. In this regard, in this paper it is pointed to the social expectations for as rapid as possible modernization of
education, using the potential of information and
communication technology on one hand, in order
to provide successful transition from industrial to
modern age of information and, on the other hand,
to the fact that this potential in education is not
used in an adequate way.
In this paper, we analyze some of the key reasons of insufficient and inadequate integration
of information and communication technology
(ICT) into education, which includes: unrealistic
expectations that introduction of technology into
the classroom and training students and teachers
„about the technology“ will result in innovation
of pedagogical practice and improvement of the
quality of education processes, ignoring pedagogical knowledge about education system functioning, principles of introducing the innovations into
education and their sustainability, as well as weaknesses that result from inadequate preparation of
teachers for the application of ICT in teaching.
Based on meta-analysis of the results of empirical studies of the effects of previous approaches to
the introduction of ICT in education (strategies of
education policy and programmes of technological education of teachers), the authors reach the
conclusion that qualitative progress from technocentric towards reflexive, innovative and creative
1110

use of technology in education can be expected
only with the implementation of the new generation of models of ICT literacy development of
teachers, which integrate the components of pedagogical, disciplinary and technological knowledge
into a new dimension of professional competence
of teachers.
Key words: information and communication
technology, education, professional development
of teachers
Introduction
The ubiquity and triumph of technology in
modern society is obvious. It permeates all aspects
of human life and rapidly changes human practice,
environment and the very nature of learning by
eliminating the boundaries of space and time. Globalization, multiculturalism, mobility and virtual
environment, as key determinants of modern life,
seek new solutions – different ways of thinking
and behaving, which sets before the education the
requirements of developing new competences, adjusted to new values, new life style and new forms
of communication, education and literacy. Skills
of critical thinking, flexibility and adaptability to
new situations, ability of decision-making, teamwork and efficient communication are necessary
today for successful operation in technologically
developed environment, but also for the learning
process that is based on information. The pace of
technological, scope and unpredictability of other
changes in society force us to pay full attention to
finding meaningful answers before the challenges
of the new age.
Volume 6 / Number 4 / 2011
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Accordingly, it is expected for education to be
modernized more rapidly in order to provide as
successful as possible transition from industrial to
modern information age. In order for the expected transition to be successful, the innovation of
teaching content is not sufficient, but it also takes
its pedagogical-didactic-methodical transformation, i.e. the change of the teaching mode and its
linking with skills and knowledge of information
use. Changes of content and learning and teaching methods are necessary in the entire system of
education, however, that transformation is particularly important at universities, because transfer
of new experience is a key element in the promotion of new methods in teaching. For that reason,
numerous experts in education believe that, in
the reform of education system, it is necessary to
pay special attention to the education of studentsnew teachers, in order to ensure the transfer of
the new teaching methods in schools. The second
important basis of the expected transition towards
„information society“ and „knowledge society“
makes the education of teachers who are already
in schools. It is necessary to provide them with
additional support to reduce the gap between the
generations of the previous and new, technological era, which is pointed out by Prensky (M. Prensky), distinguishing „Digital Natives“ and „Digital
Immigrants“. [1]
1. Professional development and
information and communication
competences of teachers
The crises of society and education are always
manifested as a consequence of inadequate response to the challenges of the time. In the period
prior to crisis, in which old patterns can no longer
offer adequate solution, changes in educational
system are inevitable. Instead, the school, as the
most important society institution in the preparation of young generations for life, was constantly
changing, from its foundation, adapting itself to
new requirements. In that way, before a multitude
of educational sources, alternative and non-formal
types of education, it has lost former monopoly of
information source, but it has also obtained new
roles and functions significant for individual and
Volume 6 / Number 4 / 2011

social development of the young. From the standpoint of continuity and society development, there
is no doubt that the role of school and teachers is
primary today as well. [4] Confirmation of this attitude is best illustrated by the fact that the teachers' professional profile and they system of their
professional development are among the crucial
issues of contemporary education. In fact, it can
be said that this issue is absolute priority of educational policy in countries throughout the world. [2]
Since the school and teacher, as his metaphorical and actual foundation stone, in circumstances of
technological environment and mass implementation of information and communication technologies (ICT) in education process receive new and/
or redefined roles and tasks, the central question is:
which competences does the teacher need and how
can he secure them through professional education
and training of teachers? [3] Framework of professional competences-knowledge and skills that are
required from contemporary teacher include:
–– Capacity for the new ways of work in the
classroom (use of appropriate approaches
having in mind the social, cultural and
ethnical diversity of students, organization
of optimal and motivating environment,
whose aim is to encourage and facilitate
the learning process, teamwork with other
teachers and educators involved in education
process with the same students);
–– Capacity for new work tasks outside the
classroom at school and with social partners
(development of school curriculum,
organization and evaluation of education
practice, cooperation with parents and other
social partners);
–– Capacity for developing new competences
and new knowledge in students
(development of the abilities of students for
lifelong learning in knowledge society – to
learn how to teach them);
–– Development of their own professionalism
(research approach and orientation towards
problem-solving, responsible directing
of own professional development in the
process of lifelong learning);
–– Knowledge and use of information and
communication technology (in formal
learning situations).
1111
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Based on the mentioned competences of
teachers, it can be observed that it is about a
complex system of mutually related knowledge
and skills that are required from teachers, so a
new systemic approach to the preparation for
teaching profession that will provide continuous
innovation of knowledge and skills and quality improvement of teacher's work is necessary.
Structure of the mentioned key competences of
teachers indicates that „A teacher in a changing
world“ losses some of its traditional roles (e.g.
exclusive source of information), adapts to new
circumstances (mentoring role, organization of
learning situations, more intensive involvement
of students...), and assumes some new roles (introduction of new technologies in teaching). [4]
it can be observed that teaching profession, today, in addition to already known classical characteristics – subject and pedagogical expertise,
also assumes the following qualities: flexibility,
openness and readiness for the adoption of new
knowledge and skills, development of awareness
of own profession and holistic observation of all
its aspects. In one word, new concept of professional development of teachers includes continuous improvement, research, reflection and evaluation of own work of teachers. Its elements are:
–– Initial education (PRESET- Pre-service
Teacher Education);
–– Introduction into profession – trainee
internship and mentoring;
–– Continuous professional development
of teachers (INSET-In-service Teacher
Education);
–– Monitoring and evaluation of teachers' work
– licensing and certification.
When it comes to ICT competence of teachers,
as a new characteristic of teachers' professionalism, it is important to pay attention to significant
difference between knowledge and optimal use
of ICT in teaching. In other words, for successful implementation in teaching, it is not sufficient
for the teacher to know how to use the computer
(computer literacy), but it is also necessary to understand pedagogical potential and heuristic advantages of the integration of ICT into the strategies of teaching and learning (information literacy
in pedagogical context).
1112

The need for the teachers to be technologically
trained so that they could use ICT in their work
is illustrated by broad state and financial support to various INSET and PRESET programmes
throughout the world, which are aimed at preparing the teachers to use the technology. The example of such a support is American state programme
„No Child Left Behind: A Toolkit for Teachers”
U.S. Department of Education (2001, 2004), by
which technological competences are promoted
and the support to teachers’ professional development is provided in the field of distance learning and the use of technology. [5] Basic message
which motivates the teachers to improve themselves is summarized as follows: In the same way
as the technology improves the achievements of
students, it also improves the practice by providing the teachers with an opportunity to become
„highly qualified“. [6] In European countries,
there are also a number of programs (Training
teachers for using the technology; Online distance
learning for professional development of teachers) who are in a similar way supported by state
funds. In recent years, in addition to classical programmes „face to face“, it is observed that there
is an intensive development of various types of
Online – learning (Online courses, Online communities, self-directed learning), which are meant
for the development of professional competences
of teachers and teachers' support in ICT integration in teaching, development of advanced skills
of teachers in the creation of own online courses
and use of online international resources in professional development of teachers. Diverse offer of
these programmes and courses is not locally limited in most cases, but it is available to the teachers
throughout the world. In addition to teachers, they
can be used by other specialists in education. With
basic contents and skills for using ICT, the courses
often contain models and examples of good practice and enable the approach to experts in the field
of ICT from various academic institutions (for e.g.
programmes of Harvard University (http://wideworld.pz.harvard.edu) or "EdTech Lideri Online"
http://www.edtechonline.org/). In rich variety of
online TPD (Teacher Professional Development)
courses, it can be observed that they are lately being increasingly different by the structure, goals,
possibilities of choosing the content and knowlVolume 6 / Number 4 / 2011
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edge level that is adapted to the needs of users
(principle of individualization). It is observed that
there is a differentiation of courses and their orientation to particular groups of teachers, pedagogical concepts and techniques with the aim to facilitate the mastering of technological competences
to teachers and to expand the capacities of the use
of technology in teaching. Particular online programmes that can be used by teachers were also
developed by international organizations UNESKO and World Bank. In that way, the guide to
distance education (Global Distance EducationNetDENet) is designed to help the clients of the
World Bank and all other people interested in using the distance education. The guide covers four
key fields: teaching and learning, management,
technology, policies and programmes. [7]
Based on the above-mentioned, it can be concluded that the initiatives at local, national and international level, which are aimed at development
and implementation of various programmes in the
form of courses and project of implementing ICT
into education systems throughout the world, are
increasing in number. Primary goals of all those
activities of the policy of ICT development and
implementation in educational systems can be reduced to the following: adjustment of the school
system to the characteristics of information society; preparation of students for using new form of
digital culture; increase and improvement of the
quality of teaching process or innovation of didactic methods and instruments (Area, according to
Ornellas et al.). [4]
2. First effects of promotion and
introduction of information and
communication technology in education
Introduction of ICT in education is based on
the need to encourage the preparation of pupils/
students for „technological revolution“. In the
beginning of the adaptation of education system
to the requirements of new information society,
the emphasis was, in the majority of countries, to
equip the schools with computer equipment – technologization as a condition of education reform.
In other words, primary characteristic of ICT discourse of educational policies, which were impleVolume 6 / Number 4 / 2011

mented throughout the world in a similar way, was
the belief that the introduction of ICT in educational context will lead to the change in educational system. It was expected that teaching students
and teachers „about the technology“ will result in
innovation of pedagogical practice and improvement of educational processes' quality. M. Sancho
et al. [8] In that way, unfortunately, consciously or
unconsciously, important pedagogical knowledge
about: educational system functioning, principles
of introducing the innovations in education and
sustainability of changes as short-term and longterm educational outcome, was neglected. Weaknesses of this approach are mostly reflected in the
absence of systemic approach and neglecting of
the fact that the success of ICT integration in education is conditioned by the interaction of a great
number of factors within the educational process.
Parallely with the introduction of ICT in educational context in the world, empirical research
that follow this implementation process are developing. Today, they make up a corpus of the great
number of research studies, which, by using various methodology and following differently defined research goals, reach the same, disappointing conclusion: strong promotion of the use of
information and communication technologies and
availability of technological resources in schools,
with the majority of teachers, neither resulted in
the innovations of the work, nor have the ICTs become a part of standard operating procedures in
educational practice. Studies have shown that the
results are similar and recognizable in the whole
world, as well as that the situation described is not
significantly different among the most developed
countries in Europe, Canada and USA - Ornellas
et al. [8], Becker [9], Cuban et al. [10], Ringstaff
and Kelley [11] Kozman [12] Lawless and Pellegrino [13] Haris, Mishra and Koehler [14] Koehler and Mishra [15].
Among the results that the empirical researches
have drawn attention to, especially significant is
the fact that the acceptable level of pedagogical
implementation of ICT in teaching from the part
of teachers is not achieved at any of the levels of
education. Teachers, as it is seen in the studies,
most frequently use ICT only at the rudimentary
level – as a means in planning the content of curriculum (information retrieval in preparation of
1113
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particular teaching activities, information presentation or personal communication). Particular researches point to the crucial fact that the teachers
are, in their own opinion, unprepared for the implementation of new technological tools in teaching of their subjects, and that they have numerous
objective and subjective difficulties in an effort to
use the technology in teaching. [16]
In a number of studies, which were conducted with the aim to answer the question: why the
expected results are missing and how to train the
teachers to improve their own ICT competences,
the attention was focused on studying the normative aspect of the discourse of educational policy?
The example of such a research is a comprehensive retrospective study, which is paradigmatic,
not only regarding the questions that it tries to
answer, but also by simultaneously representing a
series of similar research in the world. It is about
the study "Policy and practice of ICT in education – Implications for educational innovations
and improvement“, which is implemented in the
period 2007-2010. The goals of this study were: to
describe, analyze, interpret and evaluate the vision
of technology in education, on which the policy
and practice of introduction and implementation
of ICT in the school system of Catalonia is based
during the last twenty years; to determine the level
of ICT integration into educational system, connectedness with other educational initiatives and
the ability of ICT to encourage the transformation
and improvement of obligatory education. Among
many asked questions that required answers, the
following two are essential: firstly, why, even with
special programmes for introducing ICT technology into the classroom, is its presence still essentially ephemeral and does not significantly affect
the improvement of educational process and outcomes of learning; and secondly, what should be
changed in educational policy, school practice and
professional development of teachers in order to
provide the schools, students and teachers to develop critical and reflexive relationship towards
educational technology and in order for the school
system to be ready to respond to educational challenges of today’s society?
By the analysis of discourse of educational policy in this study (documents by which educational
policy is defined), we have come to some signifi1114

cant results that illustrate how have the discourses
of educational policy towards ICT changed in the
observed period, according to the new requirements, which were generated by technological development and changes in society, while practice
at schools, for the same period, remained almost
unchanged. These findings, complemented with
the results of the interviews (attitudes towards education, role of teachers and students in the learning process, attitudes towards educational function of ICT) of the prominent and most responsible persons for creation and implementation of
educational policy, have enabled the identification
and better understanding of some of the significant
problems of the relationship and role of educational policy in the improvement of teaching practice.
Significant change of discourse and evolution of
goals in educational policy is indicated by findings
that at the beginning the goals were exclusively
focused on introducing the informatics as a subject
in curricula, which is recognized as the enrichment
of programme and content aspect of education by
technological component, so that, today, the goal
could be complete integration of technology in all
subjects of curriculum, i.e. didactic and methodical aspect of ICT application into educational process. It is about a significant transition of education goals from learning “about” the technology
towards learning “with” or “using” technology,
where, in the last years, it is explicitly pointed to
the significance of information competences and
information literacy of teachers and students.
In the second study, which is also respectable,
the retrospective analysis of twenty-years period
of ICT implementation in USA, similar questions
were asked: what motivates technological investments in education; which is undertaken in order
to efficiently apply ICT into the school system;
what is the basis of the vision about the impact of
technology to teaching and learning; is it, and if
it is, what is changed in the expectations over the
time. In this study, six mutually related, consistent
recommendations that are set at the beginning of
ICT’s introduction into education are analyzed: 1.
Improve the availability of technological resources;
2. Design high quality of content and software; 3.
Ensure the sustainability of high quality of professional development and overall support to innovative teachers in ICT domain; 4. Increase the fundVolume 6 / Number 4 / 2011
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ing from multiple sources for relevant activities; 5.
Define and promote the role of all interested parties,
including both public and private sector; 6. Increase
various types of research, evaluation and assessment. [17] K. Culp, on the basis of analysis of these
recommendations, concludes that the requirements
contained in recommendations are not significantly
changed during the observed period, except for the
emergence of the new recommendation under the
influence of technological development, which refers to sustainability of the integration of technology in schools, while other recommendations, having in mind that they are broadly defined, are still in
the focus of attention. In addition, it is observed that
goals in recommendations are clearly defined and
that they mostly refer to objective factors (funding,
software development and affirmation of professional development of teachers, establishment of
educational environment, creation of adequate and
accessible technical infrastructure), while the ways
in which those goals should be achieved are not so
clear. [17]
Strategies and policies of education in the USA,
as well as in European countries show strong connectedness with the progress in technology. Namely, identification of potential values of technology,
as means of teaching and learning is in the basis
of numerous initiatives of relevant bodies and engagement of institutions, professional organizations and agencies for education in this domain.
Significant investments from local to federal level
are focused on: (a) improvement of the capacity
of schools to use technology, (b) training the new
generation of teachers to use the technology in
their professional work in teaching (initial education of teachers), (c) training the teachers who are
already employed to acquire necessary knowledge
and skills for the application of new methods in
teaching, which are based on using information
and communication technology (professional
training of teachers), (d) reduction of uneven access to technology among schools in urban and rural areas. As indicators of significance of all these
activities and commitment to “technologization”,
the goals of performances are also established (ratio of students per computer). Initiatives, aimed at
professional development of teachers with the expectations to change educational practice and improve students’ achievements, are also accompaVolume 6 / Number 4 / 2011

nied by legal regulations, accreditation of teachers
and educational programmes and, somewhat later,
the development of national educational technological standards for teachers and students.
Although on the basis of overall engagement
and commitment to the implementation of technology in educational system it is possible to get
an impression that all relevant aspects of introducing the changes in education system are “covered”
by the taken initiatives, recent analysis of these initiatives and activities taken have shown that they
were primarily led by “strong need for action”,
which was not based on necessary knowledge and
empirical studies about what is necessary to be
done and why, in the aspect of technology, teaching and learning. In recent years, many experts
throughout the world have pointed to those omissions, which is totally understandable, given that
the ways of introducing ICT in education were
similar. In the same way, the experts are lately, at
numerous conferences dedicated to technology in
education, strive for more intensive research both
of particular aspects of ICT application, and of the
development of complementary research strategies for complete evaluation of the complex impact of technology to learning. [13]
Empirical studies, in addition to discovering
the transition in goals of educational policy, point
to the maturation of the view that technology, by
itself, can change a little, without the connectedness with factors of educational context, such as
efficient management, organization of teaching,
teaching strategies, interpersonal relations, organizational culture and other. In other words, without
the familiarity with the functioning of educational
system, it is not possible to understand the changes in education. Only when the technology is set in
that framework, as individual authors notice, some
of the most perspective relationships between the
education and technology are open.
3.  What else is necessary for optimal use
of information and communication
technology in the classroom?
It is well-known that all, i.e. even the most
carefully planned changes in educational system
depend on their acceptance from the part of teach1115
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ers. In other words, the teachers have a key role
in transition of society towards knowledge society, quality assurance in education and standards
of students’ achievements. Recognizing precisely
the importance of teachers and their competences
for ICT application in educational process, one
number of studies has focused on determination of
reasons of insufficient and inadequate integration
of ICT in educational practice by studying the programmes and ways of professional development
of teachers and difficulties that the teachers have
in ICT use in direct work.
The first analyses and researches conducted in
this field in USA have indicated the deficiencies
of the programme of teachers’ professional development, i.e. low level of technological competences of teachers and ICT use in the classroom.
Despite the identification of ICT’s significance in
professional development of teachers, in many national reports, it is explicitly stated that this aspect
of training the teachers in inadequate (e.g. Ansel
and Park, 2003, Executive Forum for Education
and Technology, 1999; "Technology is important"
1997). [13] Modest and insufficient number of
hours of professional training was firstly observed
as a limiting factor of the development of technological competences of teachers. In the light of
that discovery, possibilities of professional development were significantly improved and extended
in the following period, however, as some authors
observe, although the possibilities of teachers’ professional development are increased, understanding what makes a good professional development,
what and how the teachers learn at courses and
what is the impact of professional development of
teachers on students’ achievements, still remains
unclear. (Fishman, Best, Marx & Tal, 2001; Wilson and Berne, 1999) according to [13].
Lack of understanding can, to some extent, be
attributed to the applied methodology in researches. Namely, although in practice of teachers’ professional development for the application of ICT
in teaching there is a great number of models that
vary according to various characteristics: from
duration, through content and methods, level of
election, type of accompanying support and level
of access to technologies, relevance and alignment of activities with the needs of teachers, to
the outcome in the sense of initiated change in
1116

knowledge, attitudes and behaviour of teachers, preferred research approaches do not reflect
that diversity. On the contrary, the majority of researches contain data obtained only on the basis
of the survey of opinions and attitudes of teachers in regard to their experience. Many authors, as
a result of meta-analysis of a series of individual
researches, state that among the key weaknesses
of applied methodology there are the following:
insufficient number of indicators and their limited
predictability; exclusive focusing on the perspective of teacher without the connectedness with students’ achievements; lack or poor control of other
sources of variability (that have affected or could
have affected the results) and dominant examination of the success of professional development
through two measured indicators (satisfaction and
usefulness of the programme). The fact that data
about the change in knowledge, beliefs and behaviour of the beginners at courses exclusively rely
on self-evaluation/assessment immediately after
the completion of the programme, as well as the
information that in most researches the characteristics of respondents are not systematically monitored, contribute to the low reliability of results.
By evaluating the effects of professional development, only with respondents who have participated voluntarily in the programme, the following
important characteristics were neglected: impact
of motivation on learning, commitment to change,
readiness to professional improvement, which
would have to be included by each design whose
aim is to understand the professional development
of teachers. (Bobrowsky, Marx, and Barry Fishman, 2001). It is about essentially different needs
of those who look for an opportunity for own improvement and self-development, in comparison
to the needs of those who do not participate in
such programmes. Far-reaching negative implications of such an approach in research of teachers’ professional development is supported, by the
same authors, by announcing an indicative information that in the period 1990-2000., from the total of published studies of teachers’ professional
development in the USA, only 8,6% included the
teachers who did not take part in programmes
voluntarily. Their sarcastic, critical conclusion is:
“if we continue to conduct researches of professional development with volunteers, we may nevVolume 6 / Number 4 / 2011
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er be able to understand how to efficiently design
professional development for those teachers that
might need it the most" pp.1 [18].
The mentioned meta-analyses, in which it was
discussed about the observed methodological
problems in the studies of teachers’ professional
development, have provided a significant contribution to the recognition of a series of epistemological issues in understanding the nature of
relations between epistemological issues in understanding the nature of relations between educational policy of introducing ICT into educational
processes, nature of learning and strategy of professional development of teachers. Analyses have
pointed to simplified assumptions about these
complex interrelations, which were clearly manifested by the failure through the existing practice
of ICT use in teaching. Increasing number of authors appealed in previous years on the awareness
about the seriousness of the problem, expressing the dissatisfaction with the existing situation:
scope of research, partial approaches, theoretical
unfoundedness, and (un)reliability of empirical
results of research on which important decisionmaking is based and the activities in education
are taken. A coordinated and problem-appropriate
research programme is suggested, based on combination of more research approaches in order to
respond to numerous, complex questions. The existing situation and our overall knowledge in this
domain were perhaps best expressed by Lawless
and Pellegrino by the statement that: for now, the
literature about the ways of professional training
of teachers reveals only that we have a long way
before us for understanding effective practice in
relation to the impacts of activities of professional
development of teaching and learning. [13]
4. According to the new model of
integration of information and
communication technology into
professional education of teachers
In previous years, precisely on the basis of the
criticism of teachers’ ICT competences development through INSET and PRESET programmes,
new models of applying technologies in education
are emerging. According to J. Haris et al., previous
Volume 6 / Number 4 / 2011

practice can be reduced to five general conceptual
approaches that implicitly contain temporary premises about the way of ICT integration in education:
–– Initiatives that are focused on software
development (earliest examples of the
approach of software-focused integration of
technology to learning and development of
skills for solving problems through students’
use of programme language Logo);
–– Demonstrations of the examples of good
practice (examples of the appropriate
successful use of technology in particular
teaching units, themes and projects that are
available to teachers in journals, on web
sites and presentations from conferences);
–– Efforts based on the promotion of technology
in education reform (projects that involve
programmes of professional development
and support the security of resources –
hardware and software);
–– Structured/standardized workshops and
courses of professional development
(initiatives focused on a wide range of
courses of professional development, state
and regional);
–– Courses of teachers’ education are oriented
on technology (graduate or undergraduate
programmes in institutions for education of
teachers, colleges/universities – that include
courses in computer science and educational
technology for teachers).
Although it is about diverse approaches and
their different combinations in the practice of
technological training of teachers, they are, in
Papert's sense, „techno-centric“ (Papert, 1987)
because they are based on limitations that result
from mastering the necessary technological skills
and availability of technology. [10] In relation
to critical analysis of the approaches mentioned,
particularly important is the observation about implicit assumptions about the types of professional
knowledge that the teacher needs for the integration of technology. Namely, diversity of teachers’
needs that are related to their disciplinary fields,
the approaches mentioned do not acknowledge.
Thus, inherent variations between disciplinary
knowledge are ignored, as well as different pedagogical strategies that are the most appropriate for
1117
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teaching a particular content (Keler and Mishra,
2006). [15] Different disciplines have different
conceptual frameworks and epistemological and
methodological approaches for acquisition, development, construction and application of knowledge. Familiarity with these features, which reflects the nature of each discipline, is necessary,
but not sufficient for successful implementation of
ICT in teaching. Without the connectedness with
appropriate pedagogical knowledge (strategies of
didactic-methodical transformation of content in
each individual disciplinary-subject field), so the
knowledge remains isolated and dysfunctional. In
other words, programmes of professional training
of teachers for ICT use, which are the same for all
teachers and do not appreciate diversity of subjects
and education level, are neither relevant nor productive because they predict basic assumptions of
teaching as a didactically formed process of learning and education: real complexity, dynamics and
contextualization conditioned by professional disciplinary and pedagogical knowledge. New generation of models of teachers’ ICT literacy development, as a dimension of professional development
of teachers, consists of models that observe ICT
competences as an outcome dimension of complex
interrelation of components of pedagogical, disciplinary and technological knowledge. In previous
attempts to integrate ICT in educational system,
these components are, in the best case, observed
separately. In literature, there are a few integrative
models that are still developed and their application effects are examined. Among them, special
attention deserve TPACK- model (Technological
Pedagogical Content Knowledge), whose authors
are Mishra & Koehler (2006) [15]; and the models
suggested by Stein, McRobbie and Ginns, (1999)
called „ A professional development model for
technology education“ [19]; Having in mind the
continuous development in the field of technology, pedagogy, subject content, development of
the new types of learning, as well as their mutual
dependence, it is necessary for the researches of
integrative approaches of teachers’ ICT competences development to continue and to be verified
in practice. It is about a domain that represents a
synthesis of professionally – applied knowledge,
which, judging by previously presented results of
empirical research, requires by far more significant
1118

support based on results that are scientifically confirmed. That will, no doubt, be a challenging task
for pedagogy as a science in the following period,
but it will also be the chance to revise, expand,
test, evaluate and create new approaches, both
successful integrations of ICT in programmes of
professional development of teachers, and in educational context as a whole.
Conclusion
Education is one of the most important factors
of society's development and thus, its adjustment
to changes, brought by today's information age,
is indisputable and significant. During the last
decade, pedagogue and experts from similar sciences about learning stress the great potential of
education based on information and communication technologies, but more and more frequently,
they point to the fact that this potential is not entirely used and in the right way. The attitude that
it is not only enough to introduce new technologies, as well as any other novelty in education, is
supported by findings of evaluation researches in
which the ways and effects of ICT application in
the processes of teaching and learning are examined. The first meta-analysis of these researches
reveals that the technology is most frequently
used in a technical aspect as means for organizing and distributing the information. It is certain
that the education of IT and information literate
experts, prepared for lifelong learning is necessary to develop at all levels and types of academic
and professional education, but in order to ensure
the desired transfer of knowledge and abilities to
new generations and creative production of new
knowledge, the education of the present (INSET)
and future teachers (PRESET) is crucial. In other
words, it is important for the teachers to be not
only IT, but also information literate; to own both
knowledge and awareness about the significance
and meaning of IT literacy in today's education.
For the realization of these goals, i.e. for optimal use of advantages that is provided by full
integration of IT into education, the professional,
scientific and political consensus is necessary,
which was missing until now for various reasons.
Innovation of the existing and development of
Volume 6 / Number 4 / 2011
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the new models of professional development of
teachers, which are not relied only on information resources-content of the subject and knowledge about technology, but they also include par
excellence pedagogical, i.e. didactic and methodical issues of transformation, organization and realization of subject-disciplinary content by using
ICT educational technology, can lead up to the desired generic competence – information literacy of
teachers. The first theoretical models that relate all
the mentioned partial domains of knowledge and
competences of teachers in a qualitatively new
way are developed in the world. Their further development and evaluation is necessary to support
by new researches and development of new concepts, because successful ICT integration in education can be achieved in different ways, which
reflects constantly changeable contextual reality
in the classroom and in school and shapes all the
things that teachers and students learns in everyday interaction.
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Abstract
The article deals with evaluation of several parameters of steel rope`s wire (bendings, diameter,
capacity, strength, stress,) by selected statistical
methods ANOVA Test and Kruskal-Walis Test. It
presents the results of steel rope research on the Logistics Institute of Industry and Transport, Faculty
BERG, Technical University Košice, Slovakia.
Key words: steel rope, wire of parameters, statistical methods, quality, ANOVA test, KruskalWallis test
1. Introduction
Quality of steel rope creates the basic requirement of user. Quality of steel ropes depends on the
quality of separate wires, of which the ropes are
produced. We can use several methods for the qualitative assessment of steel ropes. The failure of the
wire rope depends on number of parameters [11].
There are various methods for wire rope evaluation
and failure analysis, e.g. mechanical testing [6]. Fatigue of wire rope examined by bending test is described for example in [7]. Finite element method as
an advanced analytical technique for wire ropes and
their strands has become widely used. mechanical
properties and behaviour of simple wire strands
are investigated in many papers [4], [8]. The finite element method along with experiments is used
by Chiang [5]. According to his work, the main
design factors that inuence the axial stiffness and
axial stress rises of the simple-stranded wire cables
Volume 6 / Number 4 / 2011

under axial loadings include the radius of the core
wire, the radius of helical wires, the helical angle,
the boundary condition, the strand length, and the
contact condition between the core wire and helical wires. Statistical methods present interesting
and very effective way for the determination of the
quality of steel rope wires. The biggest absences of
rope wires, which have subsequently impact on the
quality of steel rope, are [1]:
a. wires have great dispersion (variation) of
strength,
b. wires have great fluctuations of values of
mechanical properties longways of wire in
each wire bindings,
c. steel wires, which have wires with different
diameter, have particular wires diameters
different values of mechanical properties,
d. rappel of wires reduces the number of bendings
and torsions of wires which often have only
the basic number of prescribed values.
Various factors exercise an influence on the
quality of steel rope. In this article we are focusing
on the problem of mechanical properties of wires
of steel rope with triangular strands, which have
various diameter of steel wires in the layers.
2. Technical parameters of the ropes under
consideration
This rope with the triangular strands is made by
the standard STN 02 4362 [10]. Its basic technical
parameter:
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technics technologies education management

––
––
––
––
––
––
––
––
––
––
––
––

rope construction
6(3+9+12+18)+v
rated rope diameter
50 mm
rated rope section
1036,68 mm2
rated wires capacity
1770 MPa
rated rope capacity
1835 kN
wires diameter of the first layer of strands
1,90 mm
number of wires of the first layer of strands
54
ropes diameter of the second layer of strands
2,50 mm
number of wires of the second layer of
strands72
ropes diameter of the third layer of strands
2,50 mm
number of wires of the third layer of strands
108
total number of rope wires 234

3. Evaluation procedure and statistical
calculations of the selected wires
parameters
The internal consistency of the rope, values of
its properties, was evaluated and comparing by
ANOVA test. First realized compares supposed
levels of factor, treatment were strands, wires at the
same strand and their values of properties. Formal
hypothesis of no differences in treatment means is
H 0 : µ1 = µ 2 = µ 3 = ... = µ a against the alternative
hypothesis for at least one pair (i, j) H 1 : µ i ≠ µ j .
Useful procedure for testing this hypothesis is procedure ANOVA. In situations where the normality assumption is unjustified, there was used alternative, nonparametric procedure, Kruskal-Wallis
test. Null hypothesis is that treatments are identical against the alternative hypothesis that same of
treatment generate observations that are larger than
other. Second realized compares supposed that levels of factor are layers. Wires at the same layer are
treatments with the same level of factor. The internal consistency of the rope, values of its properties,
was evaluated and comparing by procedure of Wilcox test for two samples.
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Rope A
Evaluation wires with the nominal diameter
1,9 mm
Bendings
Sample distribution can be regarded as normal.
Results for comparison of six strands using ANOVA, test statistic F = 1.61, the value of critical value
F crit = 2.41, the null hypothesis of no differences in
treatment means cannot be rejected, it confirms the
homogeneity of the wire strands in the bending test.
Diameter
Sample distribution can be regarded as normal,
in consideration of the test of normality based on
skewness (-0.32) and kurtosis (-0.30). Results for
comparison of six strands using ANOVA, test statistic F = 0.51, the value of critical value F crit =
2.41, the null hypothesis of no differences in treatment means cannot be rejected, it confirms the homogeneity of the wire diameters. The first layer
wires diameter are represented by homogeneous
from 1.88 mm to 1.91 mm.
Capacity
Sample distribution cannot be regarded as normal, so that to compare differences in capacity of
wires sorted by strands it were used the Kruskal–
Wallis test. Result of this test is null hypothesis
about statistically no significant difference between wires capacity at strands is not reject. Results
for comparison of six strands using Kruskal–Wallis test, test statistic H = 1.43, the value of critical
value H critical = 11.07.
Strength
Sample distribution can be regarded as normal,
in consideration of the test of normality based on
skewness (-0.37) and kurtosis (-0.59). Results for
comparison of six strands using ANOVA, test statistic F = 0.54, the value of critical value F crit =
2.41, the null hypothesis of no differences in treatment means cannot be rejected, it confirms the homogeneity of the wire strength.
Stress
Sample distribution can be regarded as normal,
in consideration of the test of normality based on
Volume 6 / Number 4 / 2011
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skewness (-0.37) and kurtosis (-0.59). Results for
comparison of six strands using ANOVA, test statistic F = 0.54, the value of critical value F crit =
2.41, the null hypothesis of no differences in treatment means cannot be rejected, it confirms the homogeneity of the wire strength.

wires sorted by strands it was used the Kruskal–
Wallis test. Result of this test is null hypothesis
about statistically no significant difference between wires capacity at strands is not reject. Results
for comparison of 12 strands using Kruskal–Wallis test, test statistic H = 15.62, the value of critical
value H critical = 19.68.

Evaluation wires with the nominal diameter
2,5 mm

Strength
Sample distribution cannot be regarded as normal, so that to compare differences in strength of
wires sorted by strands it was used the Kruskal–
Wallis test. Result of this test is null hypothesis
about statistically no significant difference between
wires strength at strands is not reject. Results for
comparison of 12 strands using Kruskal–Wallis test,
test statistic H = 12.10, the value of critical value H
critical = 19.68. Distribution strength of wires was
compared too by comparing second and third layer
wires used Wilcoxon test. Results of test is testing
criteria U=1.40, critical value U critical=1.96, so
that it is about the same distribution of wire strength
at second and third layers.

Bendings
Sample distribution cannot be regarded as normal, so that to compare differences in bending of
wires sorted by strands it were used the Kruskal–
Wallis test. Result of this test is null hypothesis
about statistically no significant difference between wires capacity at strands is reject. Results for
comparison of 12 strands using Kruskal–Wallis
test, test statistic H = 25.94, the value of critical
value H critical = 19.68. This result is shown by
box plot (Figure 1), where boxes presented minimum, first quartile, median, third quartile, maximum bending of wires at each strand of second.

Figure 1. Box – plot Rope A results for distribution bendings for comparison of 12 strands
Diameter
Sample distribution can be regarded as normal,
in consideration of the test of normality based on
skewness (-0.21) and kurtosis (0.02). Results for
comparison of six strands using ANOVA, test statistic F = 0.76, the value of critical value F crit =
1.85, the null hypothesis of no differences in treatment means cannot be rejected, it confirms the homogeneity of the wire diameters.The second and
third layer wires diameter are represented by homogeneous from 2.48 mm to 2.52 mm.
Capacity
Sample distribution cannot be regarded as normal, so that to compare differences in capacity of
Volume 6 / Number 4 / 2011

Stress
Sample distribution cannot be regarded as normal, so that to compare differences in stress of
wires sorted by strands it was used the Kruskal–
Wallis test. Result of this test is null hypothesis
about statistically no significant difference between wires capacity at strands is not reject. Results for comparison of 12 strands using Kruskal–
Wallis test, test statistic H = 12.10, the value of
critical value H critical = 19.68. Distribution stress
of wires was compared too by comparing second
and third layer wires used Wilcoxon test. Results
of test is testing criteria U=1.40, critical value U
critical=1.96, so that at second and third layers
wire stress it about the same distributed.
Rope B
Evaluation wires with the nominal diameter
1,9 mm
Bendings
Sample distribution can be regarded as normal.
Results for comparison of six strands using ANO1123
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VA, test statistic F = 4.19, the value of critical value
F crit = 2.41, the null hypothesis of no differences
in treatment means is reject, it confirms the no homogeneity of the wire strands in the bending test.
Box plot (Figure 2) presents these differences.

Figure 2. Box – plot Rope B results for distribution bendings for comparison of 6 strands
Diameter
Sample distribution can be regarded as normal,
in consideration of the test of normality based on
skewness (-0.32) and kurtosis (-0.30). Results for
comparison of six strands using ANOVA, test statistic F = 0.51, the value of critical value F crit =
2.41, the null hypothesis of no differences in treatment means cannot be rejected, it confirms the homogeneity of the wire diameters. The first layer
wires diameter are represented by homogeneous
from 1.88 mm to 1.91 mm.
Capacity
Sample distribution cannot be regarded as normal, so that to compare differences in capacity of
wires sorted by strands it were used the Kruskal–
Wallis test. Result of this test is null hypothesis
about statistically no significant difference between wires capacity at strands is not reject. Results
for comparison of six strands using Kruskal–Wallis test, test statistic H = 1.16, the value of critical
value H critical = 11.07.
Strength
Sample distribution cannot be regarded as normal, so that to compare differences in strength of
wires sorted by strands it were used the Kruskal–
Wallis test. Result of this test is null hypothesis
about statistically no significant difference between wires strength at strands is not reject. Results
1124

for comparison of six strands using Kruskal–Wallis test, test statistic H = 1.75, the value of critical
value H critical = 11.07.
Stress
Sample distribution cannot be regarded as normal, so that to compare differences in stress of
wires sorted by strands it were used the Kruskal–
Wallis test. Result of this test is null hypothesis
about statistically no significant difference between wires stress at strands is not reject. Results
for comparison of six strands using Kruskal–Wallis test, test statistic H = 1.75, the value of critical
value H critical = 11.07.
Evaluation wires with the nominal diameter
2,5 mm
Bendings
Sample distribution can be regarded as normal.
Results for comparison of six strands using ANOVA, test statistic F = 6.66, the value of critical value
F crit = 1.85, the null hypothesis of no differences in
treatment means is reject, it confirms the no homogeneity of the wire strands in the bending test. Distribution bendings of wires was compared too by
comparing second and third layer wires used Wilcoxon test. Results of test is testing criteria U=5.24,
critical value U critical=1.96, so that at second and
third layers wire bending is distributed different.
Box plot (Figure 3) presents these differences.

Figure 3. Box – plot Rope B results for distribution bendings of wires for comparison second
and third layer wires
Diameter
Sample distribution cannot be regarded as normal, so that to compare differences in diameter of
wires sorted by strands it were used the Kruskal–
Wallis test. Result of this test is null hypothesis
Volume 6 / Number 4 / 2011
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about statistically no significant difference between
wires diameter at strands is not reject. Results for
comparison of six strands using Kruskal–Wallis test,
test statistic H = 12.71, the value of critical value H
critical = 19.68. Distribution diameter of wires was
compared too by comparing second and third layer
wires used Wilcoxon test. Results of test is testing
criteria U=2.33, critical value U critical=1.96, so
that at second and third layers wire diameter is distributed different, it presents box plot (Figure 4).

Figure 4. Box – plot Rope B results for distribution diameter of wires for comparison second and
third layer wires
Capacity
Sample distribution cannot be regarded as normal, so that to compare differences in capacity of
wires sorted by strands it were used the Kruskal–
Wallis test. Result of this test is null hypothesis
about statistically no significant difference between
wires capacity at strands is reject. Results for comparison of six strands using Kruskal–Wallis test, test
statistic H = 41.38, the value of critical value H critical = 19.68. Distribution capacity of wires was compared too by comparing second and third layer wires
used Wilcoxon test. Results of test is testing criteria U=6.39, critical value U critical=1.96, so that at
second and third layers wire capacity is distributed
different, it presents chart (Figure 5). Median of
capacity at thirth layer is equivalent to first top of
histogram. Frequency of distribution is made only
by wires of thirth layer. Second top of histogram is
made by cumulate wires of second and thirth layer.
And is about equivalent median of second layer.
Strength
Sample distribution cannot be regarded as normal, so that to compare differences in strength of
Volume 6 / Number 4 / 2011

wires sorted by strands it were used the Kruskal–
Wallis test. Result of this test is null hypothesis
about statistically no significant difference between wires strength at strands is not reject. Results
for comparison of six strands using Kruskal–Wallis test, test statistic H = 48.63, the value of critical value H critical = 19.68. Distribution strength
of wires was compared too by comparing second
and third layer wires used Wilcoxon test. Results
of test is testing criteria U=6.91, critical value U
critical=1.96, so that at second and third layers
wire strength is distributed different.

Figure 5. Box – plot Rope B results for Distribution capacity of wires for comparison second
and third layer wires

Figure 6. Histogram and box-plot of wires capacity
Stress
Sample distribution cannot be regarded as normal, so that to compare differences in stress of
wires sorted by strands it were used the Kruskal–
Wallis test. Result of this test is null hypothesis
about statistically no significant difference between wires stress at strands is not reject. Results
for comparison of six strands using Kruskal–Wallis test, test statistic H = 48,63, the value of critical
value H critical = 19.68.
Distribution stress of wires was compared too by
comparing second and third layer wires used Wilcoxon test. Results of test is testing criteria U=6.91,
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critical value U critical=1.96, so that at second and
third layers wire stress is distributed different.
Conclusion
This contribution presents statistical evaluation, comparing distribution and averages of two
steel ropes. The internal consistency of the rope,
values of its properties. Comparing was realized
on supposed levels of factor wires strands, and
levels of factor layers of rope. While results from
comparing Rope A showed quite good homogeneity, results of statistical tests were usually not
reject null hypothesis, results of comparing Rope
B showed no homogeneity between strands and
between layers of Rope B.
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Abstract
The aim of this paper is to show how conceptual metaphor with JOURNEY as the source domain is applied to political discourse in Bosnian
and English language. The theoretical framework
of the analysis in this paper is the theory of cognitive linguistics with SOURCE-PATH- GOAL image schema as the basis for structure of the source
domain. The analysis of this paper included several scientific methods such as: scientific method
of confrontation, scientific method of comparative
analysis, statistical scientific method.
Key words: Cognitive Linguistics, Image
schema, Conceptual metaphor, Source and target
domain.
1. Introduction
Theoretical framework of this paper is cognitive linguistics. Cognitive linguistics is linguistic
scientific course which analyses relation between
language and mind (thinking). George Lakoff,
Mark Johnson, Gibbs, Zoltan Kövecses and others are pioneers in cognitive science. The centre
of their research is figurative use of language
and conceptual metaphors as cognitive activity.
We use conceptual metaphor to understand complex domains through simple domains which are
a result of our primary experiences and physical
interaction with the world we live in. Conceptual
metaphor is a cognitive process of meaning construction grounded on interrelation of source and
target domain.
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2. Corpus
The analysed corpus in this paper is made of
sentences which contain characteristic linguistic
expressions in source domain and create specific
imagery of motion in the process of metaphorical
mapping. These sentences were taken from political discourse that are found in daily newspapers,
printed and online magazines in English and the
Bosnian language. The newspapers and magazines that were used as sources for the research in
this paper are: Dnevni avaz, Dani, Start, Chicago
Tribune, The Guardian, The Times, The New York
Times and certain online magazines. Therefore,
using the scientific method of confrontation, the
corpus of 20 sentences in English and 17 sentences in Bosnian political discourse is created.
3.  Image schema  SOURCE–PATH–GOAL
as basis for source domain structuring
Image schemas are basis for constructing various concepts such as the concept of JOURNEY
which is grounded on image schema of movement
(motion). This particular image schema is composed of several crucial elements: the starting point
(motion „source“), the path and a goal (Dodge and
Lakoff 2005). Image schema SOURCE-PATHGOAL is usually used for description of cognitive
processes and is a result of our spatial interaction (Lakoff 1987; Johnson 2005; Mandler 2005;
Shokr 2006). This image schema can be realised
as various forms of motion such as horizontal
movement (forward and backward; left and right),
vertical movement (up and down), cyclic movement, curving movement, movement with guide
1127
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included, movement with force included, movement with obstacles included etc. The traveller can
be a person, certain object or certain state.
4.  Analysis
4.1 Movement
4.1.1 Horizontal movement
The first form of movement which is also the
most dominant one in metaphorical mappings
of JOURNEY in everyday political discourse in
English and Bosnian is horizontal movement. This
particular form of movement is used as very productive metaphor in Bosnian and English political
discourse and represents journey of traveller toward the predetermined goal. The traveller may
be represented through the concept of a person,
a certain object, a state or a country as well as a
certain condition or a process. Horizontal movement can also be realised as backward motion
which is metaphoricaly expressed as returning to
a certain mental, emotional or social condition. It
can also be combined with other metaphors creating in this way certain metaphorical extensions
that results in richer and more complete meaning. Frequent linguistic expressions indicating the
horizontal movement imagery found in the corpus
include: krenuti naprijed (move forward), sigurno koračanje (safe walking), mali koraci (small
steps), vratiti se unazad (to go backwards), to remain/leg behind (zaostajati), teturati (to stumble).
1B ...samo odlučnom izmjenom nakaradne legislative i promjenom načina razmišljanja glavnih
aktera vlasti, ova država može krenuti naprijed.
(Avaz; sekcija Sedmica; 18. 09. 2010).
2B. Ministar unutrašnjih poslova Ivica Dačić
izjavio je danas na Brdu kod Kranja da Srbija
sigurno korača ka liberalizaciji viznog režima sa
EU... (Dani; br. 212; 21. 06. 2001)
3B. Umjesto glupe politike „malih koraka“, u
čiji nas kvalitet ubjeđuje nesposobna vlast, BiH
trebaju veliki, hrabri i koraci od sedam milja
(Avaz; sekcija Izbori; 24. 09. 2010).
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4B. Predsjednik Demokratske partije Dragan
Čavić izjavio je na predizbornoj tribini u Rogatici
da se RS u protekle četiri godine vratila unazad
u mnogim segmentima privrednog i društvenog
života (Avaz; sekcija Izbori; 24. 09. 2010).
1E. Bosnia and Herzegovina is going to remain
behind all the countries in the region in terms of
European Union membership aspirations. (http://
www.isaintel.com/?p=34).
2E. Bosnia is, in all aspects, lagging behind
every other country in the region, particularly in
terms of progress towards EU. (integration http://
www.isn.ethz.ch/isn/Current-Affairs/SecurityWatch/Detail/?lng=en&id=120903A
moderate
Social Democratic Party member addresses an audience in 2008 with the background slogan "For
the People.").
3E. Bosnia stumbles on road to EU. (http://
www.acus.org/new_atlanticist/bosnia-stumblesroad-eu).
4.1.2 Force-driven Movement
A movement towards certain goal can be caused
or supported by certain force. If this is the case it
can mean that the JOURNEY of traveller toward
ones goal is eased in a certain way or exludes any
mean of travelers' control over that JOURNEY.
These types of metaphorical mappings are often
found in Bosnian and English political discourse.
This additional force can be represented by linguistic expressions found in corpus like: gurati (to
push), help to walk (pomoći u hodanju), general
elections (opći izbori) – as a political event.
1B. Sada sam ponovo spreman raditi punom
parom, podmetnuti leđa u vrlo nepovoljnom
kritičnom trenutku, okupiti ljude i „gurati“ do
kraja (Dani; br. 617; 10. 04. 2009).
1E. It is the country's politicians with their
quarrels and nationalistic politics that are dangerously pushing Bosnia away from its EU path, the
American vice president warned. (http://euobserver.com/9/28160).
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2E.'' The US will help you walk through
that door'', Mr. Biden said in a speech in Bosnia's parliament on Tuesday. (http://euobserver.
com/9/28160).

4B.Ako ne izglasaju zakon, mi možemo još
čekati, a na vlastima BiH je da odluče kada će
to biti... vrata su otvorena a BiH bi trebala proći.
(Dani, br. 212; 21. 06. 2001).

3E. As far as the international community is
concerned, the outcome of Bosnia-Herzegovina's
3 october general elections will determine whether the country moves forward along its EU path.
(http://www.isn.ethz.ch/isn/Current-Affairs/Security-Watch/Detail/?lng=en&id=120903A moderate Social Democratic Party member addresses an
audience in 2008 with the background slogan "For
the People.").

1E. The door is open for countries of this region
for the first time in history to be an integral part of
a free Europe. (http://euobserver.com/9/28160).
4.1.4 Path

4E. Moratinos mentioned a document dubbed
the ''Madrid declaration'' by the Bosnian media,
which should define the commitments Bosnia
must make in order to speed up its entry into the
EU and NATO. (http://www.euractiv.com/en/enlargement/eu-lift-visa-obligation-bosnia-and-herzegovina-news-425503).

The target domain can be structured with certain
linguistic expressions which are metaphoricaly
mapped in source domain as a path of a traveller.
Therefore, the path can be paved, slippery, dangerous, curved, crossed, with detours etc. A path is
a structural part of the image schema SOURCEPATH-GOAL. The linguistic expression ispravan
put (the right road) in following examples of English and Bosnian political discourse are included
in metaphorical mappings of travellers' path.

5E. I am hopeful that the United States will finaly get it right in moving Vietnam on the proper
path toward a more open society, just as it attempting in Iraq and Afghanistan. (http://www.washingtontimes.com/news/2010/apr/30/slow-going-onthe-path-toward-democracy/).

1B. Komšić je zahvalio američkom ambasadoru na izraženoj podršci euroatlantskim integracijama BiH te istakao da je volja naroda, ispravnim putem za stvaranje demokratije u punom
smislu, a to znači pravo izbora, ali i odgovornosti
(Oslobođenje; sekcija U Žiži; 24. 09. 2010).

4.1.3 Movement with obstacles
Metaphorical inventory of target domain can
sometimes imply on various obstacles which disable traveler to reach certain goal. These obstacles
in target domain usualy stand for certain problems
in which we encounter on our way to certain life
goals. In following examples expressions like certain barriers, blocks, open doors are used in political discourse in Bosnian and English.
1B.Politička nestablnost, korupcija u javnom
sektoru i administrativne barijere kočnica su koju
vlade pritišću godinama onemogućavajući priliv
kapitala (Avaz; sekcija Aktuelno; 18. 09. 2010).
2B. Nadam se da put BiH prema članstvu neće
biti blokiran. (Avaz; prilog Sedmica; 18. 09. 2010).
Volume 6 / Number 4 / 2011

1E. European Enlargement Commissioner
Stefan Fuele said that Bosnia-Herzegovina is on
the right road to achieve its visa liberalisation
this year. (http://www.b92.net/eng/news/regionarticle.php?yyyy=2010&mm=03&dd=19&nav_
id=65899).
4.1.5 Destination/Goal
A movement within space i.e. JOURNEY implies that the traveller is facing a path of certain
length in order to reach a certain goal. In Bosnian
and English political discourse, destinations are
metaphoricaly mapped on goals. Linguistic expressions such as ciljna grupa (aimed group), veliki ciljevi (great goals), Bosnia's goal (bosanski
cilj) in the following examples are metaphoricaly
mapped into a certain goal.
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1B. Političke stranke i u okviru ove predizborne kampanje, nisu išle na apstinente kao ciljnu
grupu. (Avaz; sekcija Sedmica; 18. 09. 2010).
2B. Veliki ciljevi su nadohvat ruke, ali se mogu
postići samo ako se međunarodna zajednica
zajednički angažira preko Ujedinjenih nacija kako
bi osigurali bolju budućnost za sve, rekao je generalni sekretar UN-a Ban Ki-moon... (Oslobođenje;
sekcija Svijet; 24. 09. 2010).
1E. As for all the western Balkan countries,
Bosnia's goal is to ultimately join the EU. (http://
euobserver.com/9/28160).
4.1.6 Movement with guide
Metaphorical concept of guide which leads the
traveler on his JOURNEY towards the goal is one
of the fundamental concepts that is used in Bosnian and English political discourse. The concept
of guide which is metaphorically mapped on a
person who leads the way or advises traveler on
a journey can map various concepts in target domain. Such concepts are actually expressions like
omražena vlast (hated governement), pobjednička
trica (the winning three points), osoba (person).
1B: Biti će vrlo lako pobijediti omraženu vlast
koja je BiH dovela na evropsko dno... (Avaz; sekcija Izbori; 18. 09. 2010).
2B. Radončić je, na kraju, pokazao na koš u
dvorani i rekao da 3. oktobra želi pobjedničku
tricu koja će BiH izvesti iz dugogodišnjeg mraka u
bolju budućnost i priključiti je Evropi i evropskom
uspjehu. (Avaz; sekcija Izbori; 19. 09. 2010).
1E: Republika Srpska authorities, led by entity
Prime Minister Milorad Dodik, will conitinue to
manuever the Bosnian Serb entity into a position
to call a referendum on secession from Bosnia...
(http://www.isaintel.com/?p=34).
2E: An early August poll conducted by Bosnian office of the National democratic Institute
(NDI) shows that 87% of Bosnia citizens feel
that the country is being led into wrong direction.
1130

(http://www.isn.ethz.ch/isn/CurrentAffairs/SecurityWatch/Detail/?lng=en&id=120903A moderate
Social Democratic Party member addresses an audience in 2008 with the background slogan "For
the People.").
4.1.7 Diverging paths
Paths can split and go in diferent directions.
When paths diverge in source domain, traveller
must decide which path to choose in order to reach
ones goal. Diverging of paths creates a metaphorical picture of an important decision which the
traveller must make in order to choose the right
path in the target domain. The following examples
contain linguistic expressions such as: to follow
this path (pratiti ovaj put), to take alternative path
(put prema sopstvenom izboru), birati evropski
put uspjeha ili pogrešan put (to take european path
of success or the wrong path). These expressions
are metaphorically mapped in target domain as a
choice which the traveller must make.
1E. You can follow this path or you can take an
alternative path. You have done it before“, he said
in a reference to the war that ravaged Bosnia in
1992–1995. (http://euobserver.com/9/28160).
1B: Radončić je govorio o tome da BiH 3. oktobra bira ili Evropski put uspjeha ili ekonomsko
zaostajanje, bijedu, destrukciju i palestinizaciju
Bošnjaka. (Avaz; sekcija Izbori; 18. 09. 2010).
4.1.8 Path selection
The traveller may follow the path by his own
choise or follow someone else's choise and go
where one is told to go. In the domain of life the
traveller chooses his own path and goal or someone else can point the way which one should or
must take in order to reach the proper goal. Linguistic expressions indicating the path selection
imagery found in the corpus include: to take the
road (krenuti putem ...), back on track (vratiti se
na put/stazu) back on path to EU (vratiti se na put
prema EU), back on EU integration track (vratiti
se na EU put integracija).
Volume 6 / Number 4 / 2011
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1E. Bosnia's Serbs, Croats and Muslims all
want to take the road to Brussels, but to many
would prefer to be alone at the wheel. (http://agora-dialogue.com/?p=10856).
2E. The top international envoy in Bosnia Valention Inzko, said on Wednsday that the crisisstriken country should get ''back on track'' to join
the EU. (http://www.eubusiness.com/news-eu/
bosnia-politics.4wt).
3E. Inzko stressed that Bosnia's politicians
would have to get back on the path to EU membership for the sake of their citizens. (http://www.
eubusiness.com/news-eu/bosnia-politics.4wt).
4E. US vice president Joe Biden on Teusday
(19 May) urged the politicans of Bosnia and Herzegovina to get their country back on the EU integration track warning that the alternative would
be for Bosnia to be again plunged into „ethnic
chaos“. (http://euobserver.com/9/28160).
4.1.9 Path quality
Paths can be diferent in qualities. Therefore,
they can be paved, slippery, dangerous, flat, known/

unknown, unpredictable. In the target domain
these various path characteristics are presented
by different activities and events. In Bosnian and
English political discourse the used expressions
are: dug i dramatičan put (log and dramatic way),
prijeteći put (threatening path), the path marked
by turmoil and violence (put obilježen metežom i
nasiljem), smooth path (glatak put).
1B. Stranka je u proteklim decenijama prošla
dug i dramatičan put na kojem je tražila odgovore za raznovrsne izazove. (Dani, br. 617; 10. 04.
2009).
2B. Fašizam je svakako jedan od prijetećih
puteva kojima vaše društvo može poći. (Start, br.
247; 27. 05. 2008).
1E. President George W. Bush said the U.S.
wont turn back from the goal of building a demoracy in Iraq, even though the path is marked
by turmoil and violence. (http://www.bloomberg.
com/apps/news?pid=newsarchive&sid=aOuFeXg
N98.k&refer=top_world_news).
2E. ...This has not been a smooth path and
there are major problems which still stand in a
way. (http://agora-dialogue.com/?p=10856).

Table 1.
Conceptual
metaphor/
examples
Horizontal
movement
Movement with
force included
Movement
with obstacles
included
Path
Destination/goal
Movement with
guide included
Path diverging
Path selection
Path quality
TOTAL

Number
of
examples
(Bosnian)

Number
of
examples
(English)

Total
number

Metaphorical
mappings in
Bosnian
examples - %

Metaphorical
mappings in
English
examples - %

Conceptual
metaphorical
mappings in %

4

3

7

57.14

42,86

18,92

1

5

6

16,67

83,33

16,22

4

1

5

80

20

13,51

1
2

1
1

2
3

50
66,67

50
33,33

5,41
8,11

2

2

4

50

50

10,81

1
0
2
17

1
4
2
20

2
4
4
37

50
0
50
45,95

50
100
50
54,05

5,41
10,81
10,81
100
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5.  The results of the analysis
The analysis of the metaphorical mappings of
JOURNEY as the source domain in English and
Bosnian political discourse consists of 37 examples
with JOURNEY as the source domain, out of which
17 examples were in Bosnian and 20 in English.
The analysis gave the following results in table 1.
6. Conclusion
The conducted analysis in this paper revealed
that metaphorical mapping of JOURNEY as the
source domain in English and Bosnian political discourse creates a wide spectrum of metaphorical imagery. The results of this analysis shows that political discourse relies a lot on conceptual metaphor in
order to pass political messages and create certain
metaphorical imagery among social sphere.
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Abstract
The paper has been given the motivation for
the introduction of dialectical terms actually probabilities, as well as consideration that therm under
standard vector space. Namely, unlike the statistical sample, when the mathematical probability
of nearly zero means that an outcome in the total
massoccurs at infintesimal percentage, so statistically speaking it can be ignored as such in relation
to this mass, it will be valid for a single concrete
step in this series repeating the same experiment.
Thus, the notion of dialectical probability the definition does not allow for equalization and mathematically impossible little probability of events,
what suggests a classical approach.
Key words: probability, the dialectic, standards, sample,outcome
Introduction
As the basis of logical probability individual,
isolated event, it is likely possible outcomes get
his logical conclusions from the relationships that
exist among these outcomes. The basis of the statistical probability of a series of repetitions of an
event whose possible outcomes registered experimentally and on that basis determine probabilities.
Moreover, logically defined probability can not
be denied any experiment because this experiment is the logical probability of only one variant.
Namely, if, for, example, and some experiments
in which the 10 consecutive random throwing of
metal coins dropped only one letter, then A can
not be a negation of a logically facts that the fallVolume 6 / Number 4 / 2011

ing are always , because he himself A reasonably
possible event which is a mathematical probability is equal to
On the other hand, no
logical thinking can not deny the experimentally
established fact. So each, the model scale realization of random events, which a spires to be universal, must include the logical probability and
statistical probability, but also to clearly define
their place in the modeling of real random process.
The contrast in mathematics expresses the opposite sign, a fact that itself is the outcome of the
coin toss, in the sense that some will fall, or a letter
or coat, it should be a value that is a neutral in relation to both of these values. That leads to a model
in which we will

( dropped the letter)

with
( down the arms) to mark what we
call a dialectical likely outcome of random coin
throwing metal. In this way we modeled the general case, where we have not just two but n (nÎN)
or countable many different the outcome of
an random events, will define some necessary
concepts, and then prove several statements
from the functional analysis.
The concept  dialectical probability
Definition 1. Let
are different nonzero vectors of standardized vector
space X.
1. If
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then vectors

are called events in the

dialectical sense of a set of
realization.
2. Realization
ultimate dialectic, if

is called

a. Let n=2. From the assumptions it follows
that

is called the

+⋯+
for
then we
say that the elementary events in dialectical
sense.

Definition 2. Let x and y are vectors of standardized vector space X.
1. Number
event x.

Proof. Proof we perform induction on n.

called dialectical unlikely

, then we say that x is an
2. If 0<
event more likely tha the event y.

3. If ‖ x ‖ = ‖ y ‖ then we say that the
events x and y equally likely.

Previous definitions, we have determined
the likelihood of dialectic as a relative, not an absolute concept. This means that, unlike the mathematical probabilities, the value of dialectical
probability depends on the vector space X, which
is taken to model the interpretation of random
processes. In the dialectical model no comparison between an event x≠0, which may or may
not be realized, and secure the event which is
always a vector of zeros.
Theorem 1. If X is the standardized vector

space and n≥2 be an integer. If
real numbers to be valid

these

...................... (1)

....................... (2)

this means that
Thus, if

arbitrary vector which holds

, then
that
(4) and (5).

and

satisfy

b. Let n=3. Theorem
follows from
the assumption that it is possible to
construct a triangle whose length of

sides, respectively
Now ask
the triangle in the space X so that his
scalp, which is a common site longitude
, is the start coordinate. Vectors

,
now being oriented towards the
corresponding sites of triangle.

c. Let n=4. Theorem follows from the
assumption that it is possible to construct
a parallelepiped whose long edges
respectively

, and

the main

, and vector

being its

diagonal
We set the vertex coordinate
parallelepiped in the begining of the
space X 0, and oriented edges thet start
from 0 in the direction of 0, and the main
diagonal direction to the point 0. Thus
oriented parallelepiped edges will now

vectors ,
diagonal.

d. Let n=5. Based on the assumption we have

.................... (3)
then there are vectors

such that

. ...................... (4)
................. (5)
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where the
We put

............. (6)
where
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and

a vector which is valid

After
and the inductive assumption, because
there vectors
to the (6) follows as in iii) it is possible to find
vectors
(

,

such that

(

+

)

such that
that is
. .................... (10)

that is,

where

which means that it is worth claiming.
V) Let's
Suppose the assertion true for
all k=1,2,3,...,n-1 and prove that it is true for
k=n. From (1) and (3) it follows that there
such that
..(7)
From (7) we

Placed now
get
We distinguish three cases:

. ............(11)
From (9) and (10) it follows that it
is

now

+

+

From (8) and

(11) we have
so the claim is valid.

is based

Va) Let's m=1. After
on ii) there are vectors

, that is

,

such that

Vb)
numbers

Offices now

Let's

by size. Let's final series
Now we have that

... (8)

........ (12)

and
....................... (9)

...................................... (13)

On the other hand, we have that
...................................... (14)

Let's

=
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.

We

We have that

put

Since, by inductive assumption, assertiontrue
for k=n-m+1.

(because n-m+1
) because (12), (13), (14) it follows that there are vectors

such that
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....... (15)
................. (16)

(n ≥ 2) vectors unTheorem 2. Let
der standard vector space X,such that
Then there are vectors

Let's
put

vector which is valid

We

number

in X and real

such that

We have
and atthesametime foreach
...................................... (17)

there is adequate

. . (18)

such that

Proof. Let's
age the number

Manthe monotonically de-

creasing sequence and not let it
In accordance with these offices and vectors
Let's

in the appropriate range
..... (19)

From (16) based on (17) and (19) we have

...................................... (20)
On the other hand, from (19) considering (12)
and (15) we get
. ......... (21)

Relations (18), (20), (21) mean that the assertion holds for n.
V3) Let's m=n-2. Relation (7) now has the

that

such

Placed now

As

it's

that is

It is also

form

At V2) it follows that there are vectors y,
i

that y+
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+

such

We still

=0. Proof is on the floor V2)
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Here is

where the
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Conclusion
Finally we emphasize the advantage over traditional dialectical models. This advantage is reflected in the fact that the dialectical model does not
feel any need for the introduction of the so-called.
The impossible event, which is essentially present
in the classical model. Specifically, the dialectical
model, by definition, refers only to those events
that can be implemented. In the classical approach
to modeling stochastic processes, the fact that the
probability of the impossible event is zero, it can
tempt us to the wrong conclusion: namely that the
event whose probability is nearly zero,practically
can not happen.
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Abstract
This study aims at determining the relationship
between Negotiation Strategies and Perceived
Constrains among Sport Coaches. 100 coaches
voluntarily filled out the negotiation strategies,
perceived constrain in sport domain, and demographic questionnaires. The results showed that,
sport coaches mostly focus their attention on cooperation strategies in negotiation. Also the results
of the linear and multiple regression analysis demonstrated that coaches’ perceived constrains determined approximately 7.2 % of variations in competitive negotiation strategies, 8.7 % of variations
in negotiation cooperation strategies and 6.2 % of
variations in negotiation compliance strategies.
The overall results showed that the most perceived
constrain by sport coaches was in part of equipment (Mean 3.85) and least perceived constrain by
sport coaches was in part of athlete (Mean 2.67).
Key Word: Sport Coaches, Negotiation strategy, Perceived Constrains
Introduction
Most professionals know enough about the
importance of negotiations in their personal and
career lives, because they spend a remarkable
amount of their time, in their professional lives,
to negotiate. And they believe that the success
and effectiveness of their professions is strongly
1138

affected by their ability in the negotiation techniques which they try to use (Schoenfield &
Schoenfield, 1991). Walters (2007) believes that
negotiation is the process of working with others
to achieve beneficial results and it is a skill which
needs the pass of time and training and it does not
exist in the human being innately (Walters, 2007).
Principally the negotiation happens when there is
the desire to create a new condition which none of
the negotiators can achieve alone or it occurs for
resolving a problem or a disagreement between
the two people or two organizations. The nature
of negotiation goals can affect the selection of the
strategies and the techniques. Some of the strategies are more suitable and beneficial for some
goals than the others. Thus before choosing the
strategy, the nature of the negotiation goal should
be analyzed (Schoenfield & Schoenfield, 1991).
Different people, regarding their own viewpoints
towards the posed problems and their partners,
use different strategies in their negotiations. Some
of these strategies are: competition, cooperation,
compliance. The competition strategy is known
as the distributional haggling or win-lose strategy
and cooperation strategy is known as the regular
negotiation or win-win strategy. The compliance
is a win-lose strategy like cooperation, but it has a
different representation. The results of unbalanced
compliance can be identified in two different directions as: "I lose to help you win" in return "You
lose to let me win". As it is shown in table 1, the
compliance strategy is suitable when the relation's
Volume 6 / Number 4 / 2011
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result is more important than the principal result
for the negotiator. In other words, the negotiator
lets the other party to win; to keep him satisfied
(Lewicki; Barry; Saunders, 2003).
Jeffrey et al (2003) got this result in their studies that those managers, who use cooperative and
partnership strategies, can cope with constrains
and the organizational problems very easily (Jeffrey, Bitman, Maes, & Shearer, 2003). The results
of Pruitt & Carnevale's (2003) research showed
that the negotiation strategies' selection depends
on considering own results and others' results and
when someone wants to maximize his own results
with results of the others (win-win situation), he
uses the cooperation strategy (Santen, Jonker, &
Wijngaards, 2009) and when the problem or the
topic is more important, cooperation strategy and
problem-solving is the most suitable way of negotiation (Tietz, 1983). The results gained by Northcraft et al. (1994), and Chowdhury (1990) showed
that the negotiator's goals have a positive effect on
the performance of the negotiations (Northcraft,
Neale, & Early, 1994; Chowdhury, 1990). The goal
identification for the negotiations has an important
role in improving the performance of the negotiations (Locke, Shaw, Saari, & Latham, 1981; Mento, Steel, & Karren, 1987; Tubbs, 1986). The negotiators with suitable and desirable goals are more
advantageous than those negotiators who achieve
undesirable and idle goals (Zetik & Stuhlmacher,
2002). Also the mediator variables such as goal
acceptance amount by negotiator (Erez & Zidon,
1984), negotiator's self-efficacy (Gist, Stevens,
Bavetta, 1991), negotiator's commitment towards
negotiation's goal (Locke et al., 1981), feedback
during the negotiations (Early, Northcraft, Lee, &
Lituchy, 1990), the specialty of the goal (Huber
& Neale, 1987; Northcraft et al., 1994), and social stimuli of the negotiator (Giebels, Dedreu, &
Vliert, 2000) are among the factors which affect
the relationship between goal- setting and performance of the negotiation. On the other hand, persons should accept the goal to regulate their own

goals and agree upon it to be invoked to follow it in
the negotiations (Gist et al., 1991; Locke, Latham,
& Erez, 1988). Even the difference in stimulus direction of the negotiators is considered as one of
the most important predictors of negotiation performance (Schei & Rognes, 2005). In other words,
the negotiator, especially as the decision-maker,
starts to negotiate and pursue the problem when
he understands the importance and necessity of
the subject. Thus, the perceived constrains in the
field of sport by different sport coaches in order to
define their goal orientations towards the negotiations, becomes important (Elkins,2004). So, it is
possible that the perception differences of persons
regarding the same situation, affects the identification of their goals and finally it affects the performance of the negotiations. The results showed
that the creation of a competitive atmosphere and
the selection of competition strategy can cause
lack of suitable performance of the negotiations
(Campbell & Furrer, 1995; Johnson, Maruyama
Johnson, Nelson, & Skon, 1981) and competitive
working environments have fewer efficacies in the
reinforcement of performance, compared with cooperative environments (Johnson et al., 1981).
Regarding the results of the previous studies,
goal-setting and the identification of a suitable
strategy by the negotiators are two main factors in
determining the performance of the negotiations
and people with special goals who have a deep
understanding of the present situation (the constrains and the opportunities) use those strategies
in their negotiations which have the most effects
in negotiation performance in order to reach the
ideal performance. Thus, the purpose of the present study is to examine the theory of having a relation between the perceptions of the negotiators
and the negotiation strategies and the prediction
of the strength of negotiation strategies among the
coaches in different sports. So the importance of
the present study lies in generalization possibility
of the gained results in non-sport organizations in
sporting environments.

Table 1. One-way strategy selection by negotiator (2)
Resulting relationship is important?
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Yes
No

Independent results matter?
Yes
No
Cooperation
Compliance
Competition
Avoidance
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Methodology
Our research method, regarding the purpose of
data collection, is applied. And regarding the time
of data collection it is present-oriented. Also regarding the way of data collection, it is descriptive
and estimation-based (regression).
Participants
Our statistical sample is the same as our statistical society and includes the sport coaches of Ardabil province which consists of 100 sport coaches
(%67 men and %33 women).
The instruments
In order to determine the demographic characteristics of the sport coaches, we used personal characteristics questionnaires, which included variables
such as gender, age, educational degree, course of
study, administrative background and coaching
background (club, institution, and national). Also
we used negotiation strategies questionnaire to identify the negotiation strategy of the participants. The
questionnaire included 24 close-ended questions in
the form of competition strategies (8 items), cooperation (8 items), and compliance (8 items). Also
the participants answered the items by using Leikert's 5 alternatives scale (never=1, occasionally=2,
sometimes=3, continuously=4, most often=5). We
used the perceived constrains' questionnaire in
sport fields to identify the constrains which are perceived in the field of sports by the coaches in areas
related to the athletes, coaches, the management,
sport facilities, instruments and social settings. The
questionnaire included 32 items designed by the researcher in the form of 6 items about the province's
athletes, 4 items about the province's coaches, 8
items about the province's sport management, 3
items about the province's sporting sites and sport
buildings, 4 items about the province's sport equipments, and 7 items about the province's social settings in order to develop sports. The participants
answered the items by using Leikert's 5 alternatives
scale (absolutely disagree=1, disagree=2, agree=3,
almost agree=4, absolutely agree=5).
1140

The  reliability and validity of the questionnaires
The face validity of negotiation strategies' questionnaire and perceived constrains' questionnaire
in sport field was approved by surveying among
our country's sport management professors. Also
the reliability of the questionnaires was calculated
for both negotiation strategies' questionnaire and
perceived constrains' questionnaire in sport field
by doing pilot studies on 30 people and we used
the Cronbach alpha and the results were 0.80 &
0.79, respectively.
The statistical methods
In order to summarize and classify the data, we
used the mean descriptive statistics, standard deviation, frequency, frequency percentage, figures and
tables. In order to study the distribution of the data
we used Kolmogorov-Smirnov (K-S) Test; also
for studying the equality of data variances we used
Levene's Test. For estimating the negotiation strategies among sport coaches we used the one variable
and multiple linear regression models. The analysis
of the data was done, using the SPSS software version 13 with 95 percent confidence level.
Results
The description of the demographic characteristics showed that those coaches who were diplomas were 44 percent of the participants with
the most frequency. 70 percent of the coaches are
from other academic courses (other than physical
education courses) and 49 percent have had the
coaching experience in levels lower that the premier league and first division (Table 2).
The findings show that the rate of paying attention to cooperative negotiation strategy is more
than other strategies among sport coaches. (The
mean and standard deviations are 3.8 and 0.62 respectively) and compliance strategies and competition strategies are in the next rank. (The mean is
3.6 and 3.4 respectively). The most perceived constrain in sport field defined by the coaches was due
to the sport equipments (a mean of 3.85) and other
Volume 6 / Number 4 / 2011
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Table 2. The description of the demographic characteristics of sport coaches
Gender

Course of
study

Club coaching
experience

National coaching
experience

male

female

diploma

Two-year university

B.A.

M.A. or higher

Physical education

Other courses

Premier league

First division

Other

Adults

youth

Teenagers

other

Frequency
Frequency
percentage

Education degrees

67

33

44

19

35

2

30

70

19

32

49

3

7

5

85

67

33

44

19

35

2

30

70

19

32

49

3

7

5

85

perceived constrains in sport field were as follows:
facilities and buildings and sport facilities (a mean
of 3.55), coach (a mean of 3.49), management (a
mean of 3.35), social background (a mean of 3.04),
and athletes (a mean of 2.67) (Figures 1 & 2).

constrains. Thus, regarding the correlation coefficients which are not meaningful, we can not expect that the constituents of perceived constrains
can foretell negotiation strategies.
Estimating an appropriate forecasting model (model fit)

Figure.1 Sport coaches' negotiation strategies

The study of data variances showed that the
competitive negotiation strategy variance based
on coaches' perceived constrains in the field of
athletes and coaches and the positively sloped regression line designed has a positive correlation
with perceived constrains in the field of athletes
and coaches with competitive negotiation strategy.
Thus the data variances are more fitted with linear
model, so we used linear regression model for estimation (Figures 3 & 4).

Figure.2 Perceived constrain of sport field by
sport coaches
The correlation matrix
The findings showed that there isn't any meaningful correlation between estimation variables
and criterion variables. There isn't any meaningful
correlation between negotiation strategies (competition, cooperation, compliance) and perceived
Volume 6 / Number 4 / 2011

Figure 3. Competitive negotiation strategy variance based on coaches' perceived constrains in
the field of athletes
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Table 3. Correlation between research variables among sport coaches
x1

x2

1
Athletes (X1)
Coach (X2)
0.31**
1
Management (X3) 0.34** 0.72**
Facilities &
Buildings (X4)

x3

x4

x5

1

-0.09 0.36** 0.44**

1

Equipments (X5) -0.13 0.55** 0.51** 0.54**

1

Social
0.46** 0.30** 0.48** 0.123 0.20*
Background(X6)
Total constrain

Total
Competition Cooperation Compliance
constrain
strategy
strategy
strategy

x6

1

0.44** 0.82** 0.86** 0.63** 0.69** 0.58**

1

Competition
strategy

0.19

-0.09 0.44**

0.041

1

Cooperation
strategy

-0.23 -0.06 -0.13 0.095 -0.01 0.114

-0.12

0.63**

1

-0.09

0.61**

0.74**

0.02

0.07

0.07

Compliance
-0.14 -0.03 -0.04 0.063 -0.07 0.108
strategy
Notes: *p < 0.05 and **p < 0.01

Figure 4. Competitive negotiation strategy variance based on coaches' perceived constrains in
the field of coach
The results of multi-variable linear regression test
based on simultaneous method showed that the perceived constrains of coaches has defined almost 7.2
percent of competitive negotiation strategy changes.
Also a meaningful test for regression coefficients
showed that none of the perceived constrains in different sport fields is meaningful, regarding negotiation strategies. In fact the results of multi-variable
regression analysis show that the coaches who face
perceived constrains in the fields of athletes, coach,
management, buildings and facilities, equipments
and social background do not use a specific strat1142

1

egy for negotiation. On the whole, regarding the
achieved results we can say that the perceived constrains of coaches in different sport fields does not
forecast their negotiation strategies (Table 4).
The results of multi-variable linear regression
test based on simultaneous methods showed that
the perceived constrains of coaches has defined almost 8.7 percent of cooperative negotiation strategy changes. Also a meaningful test for regression
coefficients showed that none of the perceived
constrains in different sport fields is meaningful
regarding negotiation strategies. In fact the results
of multi-variable regression analysis show that
the coaches who face perceived constrains in the
fields of athletes, coach, management, buildings
and facilities, equipments and social background
do not use a specific strategy for negotiation. On
the whole, regarding the achieved results we can
say that the perceived constrains of coaches in different sport fields does not forecast their negotiation strategies (Table 5).
The results of one-variable linear regression
showed that a=0.05 level of coaches' negotiation
strategies, regarding their overall perceived constrains in different sport fields, is not meaningful. In other words, in order to remove the overall
perceived constrains in different sport fields the
coaches do not use a specific and dominant negotiation strategy (Table 6).
Volume 6 / Number 4 / 2011
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Table 4. Multi-variable linear regression results to estimate coaches’ competition strategy based on
perceived constrains
Indices

R

Indicators

ΔR

2

Significant
regression testing

Ad. R

2

df

Athletes (X1)
Coach (X2)
Management (X3)
Facilities &
Buildings (X4)
Equipments (X5)
Social
Background(X6)

0.269

0.072

0.012

99

ΔF

1.208

B

β

sig

0.309

Significant
Coefficients

0.219
-0.042
-0.06

0.264
-0.057
-0.071

t
2.05
-0.35
-0.42

sig
0.071
0.722
0.673

0.137

0.198

1.61

0.111

-0.069

-0.085

-0.59

0.556

-0.061

-0.058

-0.46

0.643

Notes: *p < 0.05 and **p < 0.01

Table 5. Estimating coaches’ cooperation strategies based on perceived constrains
Indices

R

Indicators

ΔR2

Ad. R2

Significant regression
testing
df

Athletes (X1)
Coach (X2)
Management (X3)
Facilities &
Buildings (X4)
Equipments (X5)
Social
Background(X6)

0.295

0.087

0.028

99

ΔF

1.481

B

β

sig

0.193

Significant
Coefficients

-0.155
0.084
-0.120

-0.169
0.102
-0.129

t
-1.3
0.64
-0.78

sig
0.188
0.518
0.439

0.117

0.153

1.25

0.213

-0.068

-0.075

-0.52

0.60

-0.122

-0.105

-0.85

0.396

Table 6. Estimating coaches’ negotiation strategies based on overall perceived constrains
Indices
Strategy
Competition
Cooperation
Compliance

R
0.041
0.118
0.086

ΔR2
0.002
0.014
0.007

Ad.
R2
-0.008
0.004
-0.003

Significant regression
testing
df
99
99
99

Discussion
The findings showed that sport coaches pay
more attention to cooperative negotiation strategy
and the compliance and competition negotiation
strategies are next priorities. Since negotiation
strategies have a crucial role in negotiation performance, the studies have shown that cooperation
strategies have had the most beneficial results for
different partners in negotiations (Giebels et al.,
2000). Perhaps this awareness among sport coachVolume 6 / Number 4 / 2011

ΔF
0.167
1.37
0.726

sig
0.683
0.244
0.396

B
0.008
0.026
-0.017

β
0.041
-0.118
-0.086

Significant
Coefficients
t
0.409
-1.17
-0.85

sig
0.683
0.244
0.396

es results from their personal experiences or their
knowledge about negotiations that cooperation
strategies are very important among coaches. The
findings in this part conform to the results of studies done by Jeferry et al. (2003), Proitte & Carnoval (2003), and Johnson et al. (1981).
The findings showed that sport coaches have
the most constrains in the fields of equipments,
buildings and sport facilities, management, coaching, social background and athletes respectively.
Since the most prevalent constrain is related to
1143
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equipments, the sport managers in our province
should pay more attention to shortages, qualities
and the distribution of the equipments and have
concise and regular programs in order to supply
the needed equipments for sporting complexes of
our province. Also, the coaches have reported the
least constrains for athletes and human resources
that shows that there is a high level of potentials
and talents among the athletes in our province and
the sport managers should have programs to find
talented athletes and use these potentials. Also
they should try to reinforce the sport rank of our
province and approach the best rank for our province by resolving the problems of buildings and
sport facilities and reinforcing human resources,
protecting athletes and champions and activating
all sporting fields.
The findings showed that there is not a meaningful relation between forecasting variables and
criterion variable. According to data variance
fitting, it became clear that the relation between
perceived constrains in different sport fields and
negotiation strategies, is not meaningful. Sport
coaches do not use a specific strategy in order to
remove constrains related to each of the different
sport field, rather they use all three kinds of strategies mentioned depending on the present times and
conditions of the different situations. In this way
sometimes they haggle or follow the issue continuously along with concentration and stimulus
to solve the problem and sometimes they choose
to negotiate regularly or cooperate with other in
order to cooperate and unify their goals and themselves with others to achieve maximum common
results (win-win) (Katz, 2005) and finally in some
cases they use adjusting negotiations and sacrifice
some of their goals or missing some of their advantages they achieve their long-term goals.
In the analysis we have done on perceived
constrains and coaches' strategies the proposed
estimation model was not approved. Although we
tried to define a specific model for estimating negotiation strategies regarding the perceived constrains in different sport fields in the present research, it seems that we need more homogeneous
samples to find an acceptable model for estimating coaches' negotiation strategies. So perhaps the
variety of personal characteristics of the coaches
who took part in the present research has been the
1144

reason for disability of the model to estimate negotiation strategies. The sport coaches who took
part in the present research were from different
groups regarding their gender, age, sporting fields
(team/individual, tackling/non-tackling…), educational backgrounds, and administrative experiences, coaching and more important from different jobs. The studies have shown that the difference in personal characteristics of the negotiators
affect negotiation strategies. For example, gender
difference is one of the potential factors in negotiation strategies. Walters et al (1998) reported in
their meta-analysis phase that women are meaningfully more opt to choose cooperation strategies
than men (Walters et al. 1998). Also Stuhlmacher
& Walters (1999) showed that men can meaningfully have a better negotiation performance which
is related to the other part of the negotiation, the
ability of the negotiator, and potential cooperation task (Stuhlmacher & Walters, 1999). Another
point is the personality characteristics of the negotiator which affects the negotiation strategies.
Lund et al. (2007) reported that the personality characteristics (trickery or deceit, social distance and hard-working) affect negotiation tactics
(Lund, Tamnes, Moestue, Buss, & Vollrath, 2007).
Also some other medium factors which were mentioned earlier can cause constrain on the results of
the present research to achieve estimation model
among coaches. So there is a need for further studies of the issue to identify the estimation factors of
negotiation strategies among coaches. Broadening our knowledge of the negotiation skills among
sport coaches can have a good effect on efficiency
of organized activities in different sport fields.
Conclusions
Regarding the review of related literature and
other studies done, we suggest that sport coaches should have pre-suppositions and pre-defined
programs in their negotiations. Also findings of
Gibells et al. (2000), Zetik & Stuhlmacher (2002),
and Lewiki et al. (2003) have shown that those
negotiators who program their negotiations show
a better performance compared with people who
take part in negotiations without having a special
program and defining a suitable strategy is an imVolume 6 / Number 4 / 2011
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portant factor in supplying a program and a strategy in negotiations (Giebels et al., 2000; Lewicki
et al., 2003; Zetik & Stuhlmacher, 2002).
Other than the low frequency of higher than BA
degrees and unrelated courses of the sport coaches, we should consider the most important constrain that: Can other factors such as gender, educational background, administrative and coaching
experiences and the negotiators' personality have
an effect on choosing a specific style? We propose
to consider these issues in later studies to help to
generalize the findings.
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Abstract
Wireless communication channels can be simultaneously impaired by both short-term (multipath) fading and long-term fading (shadowing).
In this paper, multipath fading is modeled by Rician distribution which is used to represent lineof-sight (LoS) propagation environment. Such
environment seems to be the most realistic in microcellular mobile radio communication systems.
Shadowing effect is modeled using both lognormal and gamma distributions. It is shown that the
approach which assumes the use of gamma distribution to account shadowing provides an analytical solution for the probability density function
(PDF) and cumulative distribution function (CDF)
of signal envelope. The synergy between the Rician-lognormal and Rician-gamma composite
model is explored and established by calculating
the outage probability and average bit error probability (ABEP) of a single receiver.
Key words: shadowed fading channel, Rician
distribution, gamma distribution, lognormal distribution.
1. Introduction
In wireless communication systems, short-term
fading and long-term fading (shadowing) can occur simultaneously, yielding a composite fading
environment [1]. Short-term fading is the result
Volume 6 / Number 4 / 2011

of multipath propagation due to reflection, diffraction and scattering effects, while shadowing is
the result of the topographical elements and other
large structures in the transmission path, such as
trees and tall buildings.
There is a very wide range of statistical models for multipath fading channels which accuracy
and veracity depend on propagation environment
and communication scenario. Rayleigh, Rician,
Nakagami-m and Weibull are the most frequently
applied models in the open technical literature. The
shadowing is commonly modeled using a lognormal distribution. A composite multipath fading/
shadowing environment modeled either as Rayleigh-lognormal, Rician-lognormal or Nakagamilognormal is considered in [2]-[5]. Unfortunately,
the use of the lognormal distribution to describe
shadowing does not lead to an analytical expression
for the probability density function (PDF) of the received signal. This makes the analysis of system in
shadowed fading environment very ponderous.
An exact performance analysis of wireless
communication systems affected by multipath
fading and shadowing is usually quite complicated and approximations are often used. An alternative approach in modeling fluctuations of
signal average power due to shadowing is to use
gamma distribution which is mathematically more
convenient than lognormal [6]-[11]. Such an approach provides analytical expression for the PDF
of the received signal, facilitating further analysis
of shadowed fading channels. Papers [8] and [9]
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show the accuracy of gamma modeling shadowing effect in Nakagami-m and Weibull multipath
fading environment.
Motivated by the fact that environment when
Rician multipath fading is superimposed on shadowing seems to be the most realistic in a microcellular environment, this paper investigate the
equivalency of Rician-lognormal and Riciangamma model through the computation of the outage probability and average bit error probability
(ABEP) of a single receiver.
2. Channel model

 (1 + K ) x 2  
2 (1 + K ) exp ( - K ) x
K (1 + K ) 
exp   I 0  2 x

Ω
Ω
Ω

 


........................................ (1)
where I0(∙) is the modified Bessel function of

the first kind and zero order, Ω = x is the average
signal power and K is the Rician factor defined as
the ratio of the signal power in dominant component over the scattered power. As K increases, the
severity of fading decreases. When K goes to zero,
the channel statistics becomes Rayleigh, whereas,
if K goes to infinity, the channel becomes a nonfading channel.
When the wireless channel is also subjected
to shadowing, the average signal power becomes
random variable and (1) has to be expressed in
conditional form as
2

fx ( x Ω) =

 (1 + K ) x 2  
2 (1 + K ) exp ( - K ) x
K (1 + K ) 
exp   I 0  2 x

Ω
Ω
Ω

 


(2)
The PDF and cumulative distribution function (CDF) of signal envelope in shadowed fading
channel can be derived as

f x ( x ) = ∫ f x ( x Ω ) f Ω ( Ω ) d Ω ............. (3)
∞

0
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x

Fx ( x) = ∫ f x (t )dt , ....................... (4)
0

respectively.
2.1 Rician-lognormal model
With a lognormal shadowing, the PDF of average signal power has the lognormal distribution
given by [1, eq. (2.27)]
fΩ ( Ω ) =

In propagation environment with a dominant
line-of-sight (LOS) component, signal envelope
x follows the Rician distribution given by [1, eq.
(2.15)]
fx ( x) =

and

 (10 log Ω - µ )2 
exp   , ... (5)
2σ 2
Ω 2πσ 2



a

where α=10/ln10=4.3429, and μ (dB) and
σ (dB) are the mean and standard deviation of
10logΩ, respectively. Substituting (2) and (5) in
(3), the PDF of signal envelope in channel subjected to Rician multipath fading and lognormal
shadowing becomes
f xRL ( x) =

2 a (1 + K ) exp ( - K ) x

π

σ

 (1 + K ) x 2 (10 log Ω - µ )2  
∞ 1
K (1 + K ) 
exp
×∫
 I 0  2 x
2
d Ω .
0 Ω2

 
2
σ
Ω
Ω




........................................ (6)
Substituting (6) in (4) and changing the order
of integration, inner integral can be easily solved,
resulting in following expression for the CDF of
signal envelope in composite Rician-lognormal
environment
FxRL ( x) =

a exp ( - K )
2πσ 2

∞ 1 Ki
∑
∫0 Ω e
i = 0 i !Γ (i + 1)
∞

(10log Ω- µ )2
2σ 2




γ  i + 1,

K +1 2 
x  dΩ
Ω


........................................ (7)
where Γ(∙) is gamma function and γ(∙,∙) is incomplete gamma function.
2.2 Rician-gamma model
In this model, the fluctuation of signal average
power is studied through the use of gamma distribution given by [12, eq. (1)]
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 Ω
Ω exp  
Ω0 

, ............................ (8)
fΩ ( Ω ) =
Γ ( c ) Ω0c
c -1

where Ω0 is a measure of the mean power and
c is the order of gamma distribution describing
the severity of shadowing. The lower value of c
means the higher shadowing, while the case of
c→ ∞ corresponds to a pure multipath fading
channel. Substituting (2) and (8) in (3) and using
[13, eq. (3.471/9)] to solve integral, the PDF of
signal envelope in gamma shadowed Rician fading channel can be written as
f

RG
x

4 exp ( - K ) ∞ K i x i + c  K + 1 
( x) =


∑
Γ (c)
i = 0 i !Γ ( i + 1)  Ω 0 

c + i +1
2


K +1 
K c -i -1  2 x

Ω0 


........................................ (9)
where Kn(·) is the nth order modified Bessel
function of the second kind. Substituting (9) in (4)
and using the following relationship between the
modified Bessel function of the second kind and
Meijer’s G-function [14, eq. (14)]
- 

1 2 0  x2
 , ............. (10)
K n ( x ) = G0 2
 4 n , - n
2
 2
2

integral can be solved with the aid of [14, eq.
(26)], resulting in analytical expression for the
CDF of signal envelope in Rician-gamma environment

3.  Outage probability and average bit
error probability of a single receiver
comparative evaluated using Ricianlognormal and Rician-gamma model
The presented expressions for the PDF and
CDF of signal envelope can be efficiently used to
study important performance criteria, such as the
outage probability and ABEP. The outage probability is defined as the probability that the signal
envelope x falls below given outage threshold xth,
also known as a protection ratio, which is determined by expected quality-of-service (QoS)

Pout = PR ( x < xth ) = ∫

xth

0

f x ( x ) dx = Fx ( xth ) . . (12)

Another important and widely accepted performance measure is the ABEP. In a digital communication systems, for a given modulation scheme,
the ABEP can be obtained by averaging the conditional bit error probability over the PDF. The
ABEP of noncoherent binary frequency-shift keying (BFSK) modulation signaling is
Pe =

1 ∞
 1 
exp  - x  f x ( x )dx . . .......... (13)
∫
2 0
 2 

The parameters of the lognormal and gamma
distribution can be related through [8]

σ ( dB ) = a ψ ' ( c ) ..................... (14)

c +i +1

 ( K + 1) x  2
exp ( - K )
K


∑
Γ ( c ) i =0 i !Γ ( i + 1)  Ω0



c + i +1
1 K +1

2
×G1321 
x2
.
c - i - 1 c - i - 1 c + i + 1
 Ω0
,,
2
2
2 
....................................... (11)
FxRG ( x ) =

∞

i

2

Comparing Rician-gamma and Rician-lognormal
model, we can see that the use of gamma distribution
to account shadowing provides expressions for the
PDF and CDF of signal envelope in more convenient
form, i.e. in the form without single integral.
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and

µ ( dB ) = a ( ln Ω0 +ψ ( c ) ) , .............. (15)
where Ψ(·) and Ψ’(·) are the digamma and trigamma functions, respectively.
The outage probability versus normalized
mean power and the error performance for a noncoherent BFSK versus mean power for different
shadowing severity comparative evaluated using
Rician-lognormal and Rician-gamma model are
presented in Figures 1 and 2, respectively. The
agreement between values calculated using these
models is very good, especially for lower shadow1149
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ing (in practical situation σ does not exceed 9 dB;
for values of σ near 6 dB, shadowing is described
as average). This strongly avers the use of gamma
distribution to model shadowing effects and availability to obtain analytical expressions for the
PDF and CDF offers significant advantage over
the lognormal distribution.

Table 1 and Table 2 show the number of terms that
need to be summed in expressions for the CDF of
signal envelope.
Table 1. Number of terms of (7) required for 4th
significant digit accuracy (x=5 dB).
K (dB)

Ω0 (dB)

σ(dB)

-10
0
10
-10
0
10

2

4.2

8.8

3.9

2.8

7
8
8
11
10
10

8
8
6
12
11
8

9
8
4
10
9
8

Table 2. Number of terms of (11) required for 4th
significant digit accuracy (x=5 dB).
K (dB)

   σ(dB)
Ω0 (dB)

8.8

3.9

2.8

-10
0
10
-10
0
10

9
8
7
10
10
10

9
8
6
11
11
7

9
7
5
11
10
6

2

Figure 1. Outage probability versus normalized
mean power for different shadowing severity
comparative evaluated using Rician-lognormal
and Rician-gamma model

4.2

Conclusion

Figure 2. ABEP versus mean power for different
shadowing severity comparative evaluated using
Rician-lognormal and Rician-gamma model
The main problem in the infinite-series expressions can be their convergence. But, expressions
for the PDF and CDF presented in the paper converge rapidly for any values of channel parameters, and thus, they can be efficiently used in
performance analysis. As an illustrative example,
1150

In this paper, approaches which use lognormal
and gamma distribution to model shadowing effect
in Rician multipath fading environment were compared. The advantage of Rician-gamma model in
comparison with Rician-lognormal model is in more
manageable analysis since Rician-lognormal model
lacks an analytical solution for the PDF and CDF
of signal envelope. Using the most important performance measures, i.e. the outage probability and
ABEP, it was confirmed that in a microcellular mobile radio communication systems the gamma distribution can be used as an alternative to the common,
but much more complex lognormal distribution.
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Abstract
Information and communication technology
(ICT) can improve the operational processes of any
business and the education industry is no exception.
Today, ICT plays a major role in many pedagogical
activities, such as instructional delivery, material
preparation, class communication and evaluation.
Electronic learning (e-learning) environments offer
the possibilities for communication, interaction and
multimedia material delivery that enhance learner-directed learning, especially in higher education. Universities in Serbia have been successfully
implemented a variety of open (distance) learning
activities, but e-learning research and practices, in
general, are relatively new and limited. Little is
known about why many e-learners stop their learning after their initial experience.
This study proposed an integrated model with
four dimensions: instructor dimension, course dimension, technology dimension and environmental dimension. A survey was conducted to investigate the potential factors which are in the field
of the university or faculty management and have
impact on e-learner satisfaction. The questionnaire was used as an instrument for data collection
and the subjects of this study were the students
who were enrolled in the online learning courses. The results revealed that instructor response
timeliness, e-learning course flexibility, e-learning course quality, technology quality, Internet
quality, diversity in assessment and interaction
in e-learning environment are the critical factors
affecting e-learners’ satisfaction. The results pre1152

sented in this paper can help universities or faculties to adopt e-learning technology, and to reduce
the risk of fail during implementation process or
system exploitation. Furthermore, researchers can
use the findings of this study as a basis to initiate
other related studies in the e-learning area.
Key words: E-learning, E-learner satisfaction,
Higher education
1. Introduction
Learning is an active process of building knowledge and skills through practice within a supportive
community. It comprises not only a process of continual personal development and enrichment, but
also the possibility of rapid and radical conceptual
change. Traditional, classroom context of learning
typically occurs in a teacher-directed instructional
context with face-to-face interaction in a live synchronous environment. In contrast to this form of
instruction, is an approach that promotes learnerdirected learning where teaching and learning are
no longer restricted to traditional classrooms [1,2].
With emerging Internet commercialization and the
expansion of information communication technologies (ICT), online or electronic learning (e-learning)
environments offer the possibilities for communication, interaction and multimedia material delivery that enhance learner-directed learning [3]. ICT
has increasingly influenced higher education. From
playing a supplementary role, it now has permeated
core teaching and learning in universities and other
organizations with training requirements.
Volume 6 / Number 4 / 2011
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E-learning is the learning style empowered
by digital technology, most frequently referring to learning via the Internet. In recent years,
e-learning has become a major phenomenon and
widely adopted as a promising solution by many
universities to offer learning-on-demand opportunities to students in order to improve the teaching
process. The e-learning concept is depicted with
several tantamount, like flexible Internet environment, distributed computing, virtual learning environment and general distance learning etc. The
use of different words is according to the context
in which they are used. Literature explains and
defines the word of e-learning in many different ways. There are so many synonymous of elearning like, open-courseware, advanced distributed learning, Internet based learning, web-based
learning, e-education, open-learning, virtual education, virtual learning environment [4].
The use of e-learning become essential for
higher education institutions and they are considering and accepting this fact in order to compete
with other organizations and for meeting financial
stability. The other reason of implementing this
new learning paradigm in educational institutions
by higher education officials is for enhancing students learning experiences and for the improved
learning outcomes and abilities. The major example of e-learning implementation is Massachusetts
Institute of Technology (MIT). MIT is offering its
programs both in face-to-face and in online mode,
and trying to convince other institutions about
strategic significance of e-learning [5].
The goal of e-learning is to increase the quality of learning activities by re-using and sharing
information and knowledge, while the learner can
determine his own pace [6,7]. E-learning offers
instructors and students a flexible learning setting
in terms of time and location. Learning does not
require students to being physically present in the
same place as an instructor nor at the same time
[8]. Academics and practitioners alike consider elearning systems to be a valuable knowledge sharing and transfer tool.
Many factors, such as the infrastructure, quality of support systems, quality of content and assessment, and peer support networks, may influence the e-learning experience [9,10,11,12,13]. In
fact, planning and designing e-learning courses is
Volume 6 / Number 4 / 2011

a complex task that includes many factors [14,15].
Thus, universities and teachers need to consider
these factors to provide their students with effective learning environments.
The benefits of such systems cannot be realized
if learners, the main beneficiary of any educational environment, do not accept or use the system
in an appropriate manner [16,7]. It is therefore
important to investigate the drivers or determinants of e-learning success. The satisfaction of the
learner is inevitable for successful implementation
of e-learning environment. Satisfaction is widely
accepted as a desirable outcome of any product
or service experience and is the most explored
construct in the history of marketing scholarship.
Generally, satisfaction is a factor used to monitor
the product or service quality and also to predict
customer loyalty and other behavioral consequences [17].
E-learning success can be defined through multiple perspectives. One way to define success is
through outcome factors such as enhanced learning, time savings, and academic success [18,19].
Another perspective on e-learning success considers system delivery factors such as the degree of
use of the e-learning system and its adoption [20].
User satisfaction has proved to be a reliable proxy
for the success of an IT-based initiative [21]. Since
e-learning initiatives are strongly tied to ICT, students’ satisfaction is an important outcome of
e-learning [21]. This research is focusing on potential factors which are in the field of the university or faculty management and have impact on
e-learner satisfaction. The results presented in this
paper can help universities or faculties to adopt elearning technology, and to reduce the risk of fail
during implementation process or system exploitation. Furthermore, researchers can use the findings of this study as a basis to initiate other related
studies in the e-learning area.
This paper is structured as follows. First, previous research, related literature and factors influencing e-learners’ satisfaction in e-learning environments are discussed. Second, a research model
proposed by this study is described. Third, the procedure of collecting data, the targeted population,
and results of the study are presented. And finally,
the results are analyzed and discussed.
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2. Goal
The aim of this research is to investigate the
extent to which is e-learning environment in use
at state universities in Serbia, what is the level
of e-learner’ satisfaction with offered e-learning
environment and how can universities, or faculties, raise the level of e-learners’ satisfaction. This
research is focusing only on state universities in
Serbia and trying to determine the potential factors that may affect students' satisfaction with the
offered e-learning environment.
Little is known about why some users stop their
online learning after their initial experience. Infor-

mation system research clearly shows that user satisfaction is one of the most important factors in assessing the success of system implementation [23].
Many researchers in previous research have identified important variables dealing with e-learning.
Among them, the technology acceptance model
[24,25,26], and the expectation and confirmation
model [27,28] have partially contributed to understanding e-learning success. These models tended
to focus on technology. A summary of the literature
relevant to all the factors vital to the activities of
e-learning, and affecting learners’ satisfaction with
e-learning is presented below in Table 1. Four dimensions are used to assess the factors which are in

Table 1. Previous research about the critical factors that affect learners’ satisfaction
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the field of the university or faculty management,
including instructor dimension, course dimension,
technology dimension and environmental dimension. Under the four dimensions previously identified, eight factors were involved.
Based on the previous research a theoretical
model is designed. In total, nine variables are discussed; eight variables within four dimensions are
independent variables, namely: instructor response
timeliness and instructor attitude toward e-learning
in instructor dimension, e-learning course flexibility
and e-learning course quality in course dimension,
technology quality and Internet quality in technology dimension and diversity in assessment and class
discussion in environment dimension. The e-learner
satisfaction is discussed as a dependent variable. In
total, eight hypotheses are proposed, and supported
via literature, for testing each variable relationship
with dependent variable.
Instructor dimension:
Hypothesis 1. Instructor response timeliness
will positively influence e-learner satisfaction
with e-learning.
Previous research indicated that instructors’
timely response significantly influences e-learners’ satisfaction [9,29]. The rationale is that when
learners face problems in an online course, timely
assistance from the instructor encourages learners to continue their learning [6]. Soon, Sook,
Jung, and Im point out that instructors’ failing to
respond to students’ problems in time has a negative impact on students’ learning [30]. Therefore,
if an instructor is capable of handling e-learning
activities and responding to students’ needs and
problems promptly, learning satisfaction will improve [9,29].
Hypothesis 2. Instructor attitudes toward elearning will positively influence e-learner satisfaction with e-learning.
The successful implementation of e-learning
environment is purely based on the teacher’s attitude towards e-learning. Volery and Lord have
shown that instructor friendly behavior with stuVolume 6 / Number 4 / 2011

dents, understandability of student problems,
proper understanding of ICT, persuasion of interaction between students are the factors that leads
towards students satisfaction [31]. Liaw, Huang,
and Chen explains that when teachers are more interested in the use of new e-learning technology
then it is obvious that they have more constructive
behavioral intent to use that [32]. It’s not the issue
of technology implementation, it’s the teacher instruction method that plays a vital role in the successful implementation of e-learning technology
and also affects learners’ satisfaction in this new
environment [31]. The effectiveness of online system is strongly based on the instructor’s attitude,
dealings with students and perception about new
technology. Webster and Hackley, and Piccoli et al.
find that instructors’ attitudes toward e-learning or
IT positively influence results of e-learning since
instructors are major actors in learning activities
[33,34]. Dillon and Gunawardena state instructors’ attitudes toward distance learning should be
considered in system evaluation in order to explicate online course user behaviors effectively and
thoroughly [35].
Course dimension:
Hypothesis 3. E-learning course flexibility will
positively influence e-learner satisfaction with elearning.
E-learning has removed the barrier of physical class attendance. The most attractive feature
of e-learning according to students and teachers,
both is its flexibility of location, time and methods [36,9]. E-learning came with new virtual (any
where, any time, any place) class concept [9,31].
The relational intimacy becomes more in online
environment as compared to face-to-face learning.
Time independence and flexibility in the course
helps the students to communicate according to
their flexible time and place. In addition, elimination of physical barriers enables more dynamic
interaction that fosters establishment of constructive learning and opportunities for cooperative
learning [37]. Moreover, its virtuality eliminates
awkwardness associated with face-to-face communication in traditional classrooms.
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Hypothesis 4. E-learning course quality will
positively influence e-learner satisfaction with elearning.
When considering implementation of any new
environment, the level of quality comes first.
Quality of course content is the most important
attribute that leads towards student’s satisfaction
and successful implementation of e-learning and
makes a very strong influence on the satisfaction
level of students who are studying in e-learning
environment and also for the students who are encouraged to take this mode of study. The uniqueness of e-learning environment includes the online
interactive discussion forums, chat sessions among
learners and instructors, multimedia presentations
of course material and other useful material from
the universities covering that particular topic. All
of these characteristics motivate the students to
continue using this learning environment [34].
Technology dimension:
Hypothesis 5. Technology quality will positively influence e-learner satisfaction with e-learning.
To achieve successful implementation and
student satisfaction towards e-learning, quality
of technological attributes need to be excellent.
Therefore, the higher the quality and reliability in
ICT, the higher the learning effects will be [33,34].
Hypothesis 6. Internet quality will positively
influence e-learner satisfaction with e-learning.
Quality of the system that includes proper
maintenance of software and hardware recourses
plays an essential role in the satisfaction of students with e-learning. The important technical aspects that need to be considered for successful elearning environment are the quality, media richness and reliability of technology. The quality of
Internet is essential for both the synchronous and
asynchronous delivery system along with the access of material any time with any server problem.
The irritation with technological problems may
be disguising more basic foundation of frustra1156

tion. When proper assistance is available for the
use of e-learning, the reluctance level will become
low. Proper availability of technical resource and
administrative support positively influence student’s satisfaction towards e-learning [32]. When
students don’t face any login and logout problem,
with continue interaction with teacher their satisfaction will be improved.
Environmental dimension:
Hypothesis 7. Diversity in assessment will
positively influence e-learner satisfaction with elearning.
Thurmond et al. state that environmental variables such as diversity in assessment and class discussion influence e-learning satisfaction considerably [29]. The use of different evaluation methods
in an e-learning system causes users to think that
a connection is established between them and the
instructors, and their learning efforts are properly
assessed [6]. Therefore, this study assumes that if
an e-learning system provides more or diversified
assessment tools and methods, e-learners’ satisfaction will increase because of feedback from the
assessment.
Hypothesis 8. Interaction in e-learning environment will positively influence e-learner satisfaction with e-learning.
Many researchers agree that interactive instructional design is an essential factor for learning
satisfaction and success [38,39,40]. According to
Moore [41], there are three kinds of interactions in
learning activities: students with teachers, students
with materials, students with students. Teaching
styles, especially interactions between teachers
and students, play a decisive role in learning activities [42,43,33]. Without conspicuous interactions
between teachers and students, learners are more
prone to distractions and difficulty concentrating
on the course materials [44]. Because e-learning
can proceed in almost any place, it requires better
concentration than in traditional face-to-face interactions [45]. Interaction mechanisms in e-learning
environments should be properly designed to imVolume 6 / Number 4 / 2011
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prove frequency, quality, and promptness of interactions which could affect e-learner satisfaction.
E-learner satisfaction is widely used in evaluating effects of learning environments and activities
both academically and practically [46,47,6]. This
study intends to assess e-learning effects through
measuring learner satisfaction and investigate the
preceding factors’ which are in the field of the university or faculty management and have impact
on e-learner satisfaction. Based on the discussion
in this section, the research model is presented in
Figure 1.

Figure 1. Dimensions and variables discussed in
context of e-learner satisfaction with offered elearning environment
3. Methods
We conducted a series of interviews, in person
or by phone, with universities or faculties officials
to investigate the extent to which is e-learning environment in use at state universities in Serbia. Participation in this study was accepted by fifty-four
faculty officials from six state universities. Twentytwo contacted faculty officials have refused to participate in this research. About 37% of the respondents stated that use some kind of Learning Management System (LMS) at theirs faculties. Nearly
95% of them use LMS Moodle and 45% of those
who stated that use some kind of LMS uses this system for more than half of their courses.
For the second part of this study questionnaire
items were developed based on the previous research and used as a survey instrument. For each
variable there was different number of items. A
7-point Likert scale ranging from 1 as strongly
Volume 6 / Number 4 / 2011

disagree to 7 as strongly agree is used for the measurement and all the respondents were asked to
mark only one option. A pilot test for the reliability and validity of the instruments was conducted
with 27 e-learners who have experience with elearning. Some items were revised or deleted, according to the results from the pilot tests, to improve validity and reliability. The final version of
the questionnaire with its sources is presented in
table 2. Participants in the pilot test were excluded
from the subsequent study.
Data collection procedure
E-learner volunteers enrolled in 12 different
e-learning courses at two state faculties in Serbia
participated in the second part of this study. A total of 300 surveys were distributed by email. The
initial and follow-up mailing generated 143 usable
responses, resulting in a response rate of 47.67%
which suggested that respondents found the topic
interesting and relevant. Table 3 summarizes descriptive statistics of the respondents. The subjects
were nearly evenly men and women, with only
slightly more women responding than men. Nearly 70% of the participants were between 20 and 22
years old. Thirty-nine respondents (27.27%) were
first time taking e-learning, whereas ten (6.99%)
had taken three or more courses. One hundred and
three learners (72.03%) considered themselves to
have intermediate level computer skills and ninety-nine (69.23%) considered themselves to have
intermediate level Internet skills. Furthermore,
the perceived learner satisfaction with e-learning
courses, according to the survey responses, was
fairly high with a mean score of almost 5.0.
This research used Statistical Package for the
Social Sciences version 16 (SPSS v.16.0) for the
statistical analysis. Data were analyzed using stepwise multiple regression analysis using eight variables (instructor response timeliness, Instructor
attitude toward e-learning, e-learning course flexibility, e-learning course quality, technology quality, Internet quality, diversity in assessment and interaction in e-learning environment) as regressors,
and perceived e-learner satisfaction as regress.
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Table 2. Questionnaire items and sources

4.  Results and data analysis
A stepwise multiple regression analysis was
conducted to prove the significance of the variables. This research used the condition index (C.I.)
to assess the multi co-linearity among independent
variables in the model. The value of 26.848 indicated no severe multi co-linearity problem among
the regressors. Then we used the Durbin-Watson
statistic for detecting serial correlation. The value
1158

of 1.912 (less than 2) indicated the autocorrelation
problem does not exist [50].
Reliability was examined using Cronbach’s
Alpha values for each variable. As presented in
Table 4, all of these were above 0.9, suggesting
high internal consistency. The reliability of each
factor was as follows: perceived e-learner satisfaction = 0.948; instructor attitude toward e-learning
= 0.991; e-learning course flexibility = 0.992; elearning course quality = 0.978; technology qualVolume 6 / Number 4 / 2011
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ity = 0.976; Internet quality = 0.965 and interaction in e-learning environment = 0.927.
Table 3. Demographic profile and descriptive statistics (n = 143)

Table 4 presents the means, standard deviations, and correlations between variables. The instructor response timeliness variable (r = 0.671, p
< 0.01) has the highest correlation to the dependent
variable. Other independent variables that significantly correlated with the dependent variable are:
instructor attitude toward e-learning (r = 0.578, p
< 0.01); e-learning course flexibility (r = 0.666,
p < 0.01); e-learning course quality (r = 0.573, p
< 0.01); technology quality (r = 0.507, p < 0.01);
Internet quality (r = 0.530, p < 0.01); diversity in
assessment (r = 0.522, p < 0.01) and interaction in
e-learning environment (r = 0.613, p < 0.01). All
the factors exhibited significant relationships with
e-learner satisfactions.
As mentioned earlier, a stepwise multiple regression analysis was conducted to test the hypotheses. Eight influential variables were applied
as independent variables, while e-learner satisfaction was used as a dependent variable. Table

Table 4. Means, standard deviation, correlation a and reliabilities b among study variables (n = 143)

Table 5. Stepwise multiple regression analysis results (n = 143)
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5 presents the results of stepwise multiple regression analysis. Among eight independent variables,
seven are considered to have critical relationships
with e-learner satisfaction with p-values less than
0.05. Only instructor attitude toward e-learning
have no critical influence on learner satisfaction
according to this test.
Hypotheses 1 and 2 examined the links between the instructor dimension and e-learner satisfaction. Instructor response timeliness has a strong
positively significant influence on e-learners’ satisfaction (β = 0.322, p < .001). The other variable,
instructor attitude toward e-learning in Hypothesis
2 is insignificant and failed to be supported.
Hypotheses 3 and 4 examined the effects of the
course dimension. E-learning course flexibility
and e-learning course quality have significant effect on e-learners’ satisfaction. Both Hypotheses 3
and 4 are supported.
Hypotheses 5 and 6 examined the relationship
between the technology dimension and e-learner satisfaction. The results show that these two
variables have positive influence on perceived elearner satisfaction. Therefore, both Hypotheses 5
and 6 are supported by this test.
Hypotheses 7 and 8 examined the links between the environmental dimension and e-learner
satisfaction. Both diversity in assessment and interaction in e-learning environment have positive
influence on e-learners’ satisfaction indicating that
hypotheses 7 and 8 are supported by this test.
Table 6 summarizes the results of all hypotheses testing.
Table 6. Results of the hypotheses testing

5. Discussion
About one-third of state faculties in Serbia have
implemented some kind of LMS, most commonly
LMS Moodle. According to this study, students
are satisfied with offered e-learning environment.
1160

Stepwise multiple regression analysis proved
that seven variables have critical relationships
with e-learner satisfaction. The results suggested that 79.9% (adjusted R2 = 79.9%, F-value =
81.663, p < .001) of the e-learner satisfaction’s
variance can be explained by those seven critical
variables. There is a reasonable level of representativeness in the selected predictor variables and
symbolically, a prediction formula of the model
can be presented as follows:
ELS = (IRT)w1 + (ECF)w2 + (ECQ)w3 + (TQ)w4 +
(IQ)w5 + (DA)w6 + (IEL)w7.
In the formula, ELS is the e-learner satisfaction; IRT is the instructor response timeliness;
ECF is the e-learning course flexibility; ECQ is
the e-learning course quality; TQ is the technology quality; IQ is the Internet quality; DA is the
diversity in assessment; IEL is the interaction in elearning environment; and w1, w2, w3, w4, w5, w6,
and w7 are empirically determined weights.
Instructor dimension:
Teaching online differs from face-to-face education. Professional expertise should not be the sole
criterion in selecting online instructors. Instructor
response timeliness proved to be statistically very
significant, no response or unreasonable delays in
responding to e-learner’ requests or questions definitely will contribute to e-learner satisfaction. In an
e-learning environment, students may be very impatient waiting response on their questions or requests. Instructors’ attitudes toward e-learning did
not prove to be statistically significant to e-learner
satisfaction. The results of this research failed to
correspond to previous findings [6,54]. Differences
can be explained with no obligation for existence
of e-learning courses on state universities in Serbia.
Only those teachers who are devoted to e-learning
are held those courses. The insignificant effect
exhibited in this research doesn’t suggest that instructor attitude toward e-learning is not important,
it simply implies that instructor attitude toward elearning in the e-learning environment is satisfactory to e-learners. Since they did not experience
difficulties during the learning process, it is difficult
for them to exhibit concerns about instructor attitude toward e-learning.
Volume 6 / Number 4 / 2011
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Course dimension:
Course flexibility and quality are both proven to
be significant in this research. Flexibility and quality of an e-learning course is a strong indication
of student satisfaction. This result corresponds to
previous findings that e-learning course flexibility
and quality played an important role in e-learners’
satisfaction [6,51]. E-learning is not constrained by
space, time and location; therefore, students have a
high degree of flexibility and opportunity to effectively balance their other activities with e-learning
courses. Faculties with online learning should explore the advantage of this virtual environment and
design courses with maximum flexibility to accommodate students’ needs. Also, they should take into
account the quality of an e-learning course which
includes overall course design, teaching materials,
interactive discussion arrangements, etc.
Technology dimension:
Factors, technology and Internet quality have
a significant effect on e-learner satisfaction. Most
e-learning systems are constructed in a high-speed
network environment where software and hardware are superior to those of non-e-learning environment for parallel processing of multimedia
streaming data. Findings in this research suggest
that technology is important. In e-learning environments, poor technology with slow response
time or frequent technical difficulties will definitely discourage learners from taking online courses.
Environmental dimension:
Factors involved in environmental dimension, diversity in assessment and interaction in
e-learning environment have a significant impact
on e-learner satisfaction. A variety of assessment
methods enable instructors to be more effective
and motivate e-learner to do their best in different
evaluation schemes so as to proceed with e-learning activities seriously and effectively.
6. Conclusion
While traditional learning methods, such as lectures and project work, remain dominant in higher
education, universities are investing considerable
resources in e-learning technology, to support traVolume 6 / Number 4 / 2011

ditional methods with access to complementary
electronic information and possibilities to communicate. The potential advantage of using this
technology in connection with on-site courses is
that it supports flexibility, through resources that
facilitate learning anytime and anywhere. However, the basic nature of e-learning technology is that
it enables teachers and students with possibilities,
not with a “ready to use” resource.
In Serbia, e-learning has been adopted in education for a variety of purposes, especially in
higher education. Most universities use e-learning
environment as a supplementary tool to enhance
in-class instruction. E-learners in this study learn
mainly in the traditional classroom structure but
also have courses in e-learning environment.
This research identifies critical factors which
are in the field of the university or faculty management influencing e-learners’ satisfaction. An
integrated model developed from previous studies
consisting of eight factors in four dimensions is
presented to guide this research. With a 47.67%
response rate, a total of 143 valid questionnaires
were collected. A stepwise multiple regression
analysis was conducted to study the data. The results indicated that instructor response timeliness,
e-learning course flexibility, e-learning course
quality, technology quality, Internet quality, diversity in assessment and interaction in e-learning
environment are the critical factors affecting elearners’ satisfaction. Together, these seven factors are able to explain 79.9% of the variance of
user satisfaction.
The findings can provide more insights into
how to implement successful e-learning systems
within the organizations. The presented research
instrument with good reliability and validity can
also provide researchers with a tool for measuring
the e-learning systems success dimensions, and
a basis for explaining, justifying, and comparing
differences among the results.
This research represents a systemic effort to incorporate elements of e-learning, but it is not without limitations. First, the research model which
cover a variety of factors influencing e-learners’
satisfaction, might not be comprehensive due to
the limitations of time and resources. Second, the
dependent variable of this study is a single indicator, e-learner satisfaction. Some researchers sug1161
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gest that learning performance and student scores
should also be considered as dependent variables
[52,34,53]. Finally, the statistical methods used in
this study are based on traditional assumptions,
thus our results are established with these assumptions as a base.
All universities should have a flexible institutional structure to integrate e-learning technology
in their setup for the better and improved learning
outcomes. The universities which are not utilizing
technological resource will be left behind in globalization race. The results of this study can be useful
for the educational institutions before implementing e-learning environment. Administration should
consider the factors that have been pointed out in
this study, for successful implementation.
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Abstract
The case study is the role of authenticity, as a
possible element in the selection of the tourism
product in the field of economics and education,
and part sociology. As the theoretical sources and
previous studies with the observed field results, that
the different significance is attributed to the different groups of tourists as the authenticity of the tourist product, so we used a relationship to authenticity
as a specific psychographic segmentation criterion
of the tourism market. Using conjoint analysis in
the study has done in the specific field of this area
and in general the first time through the mentioned
analysis. We remain with the inclusion of existing
information about the opportunities and trends in
the work of the tourism market, which is relevant to
the processing of area, wanted to prove that authenticity of tourism offer has a significant influence on
long-term economic success and provides a sustainable development of tourism destinations. For
this we linked to some theoretical concepts, such as
the price of tourism products, the level of education
and defensible competitive advantage.
We believe that the results of research will enable
better understanding of the problem, and that will
be useful guidance for designing and selling tourism
products, and the positioning of tourist destinations.
Key words: authenticity of tourism product,
the level of education, management of tourist destinations
1. Introduction
The process of globalization has in the past
decade drastically changed the world. On one
side becomes more and more uniformed (Muller,
Volume 6 / Number 4 / 2011

2001) - some sociologists tell us about "global
culture", and on the other side globalization has
strengthened the sense and increased importance
of diversity, ethics, and ethnicity. The global and
the globalization phenomenon is also nostalgic return to the roots (Harvey, 1990. pg.292).
The role of hotel chains and franchise branches
of hospitality facilities, offering the same product
anywhere in the world, is more and more stronger;
artificial and often uncritically copied attraction
such as disneylands and a huge water parks are
multiplying and are commercially successful, and
also totally opposite note is increasing interest in
so-called cultural tourism, diversity and authenticity of experience. How will the travel trends behave in the future, taking into account forecasts of
quantitative growth of tourism and income-called
"new" tourists, is very difficult to predict, but a
detailed knowledge of the event background is
condition for proper decisions about directions of
development (Jafari).
The basic assumption of this paper is that different tourists differently evaluate the same product, they want to "buy" a variety of tourist products
(Kim, 2003, pg. 398). Such differences are visible
both in the choice of tourist destination, as well as
the amount and structure of consumption. Strategic development of the destination, its positioning,
type and composition of supply and the method of
the demand and supply are largely conditioned by
the determination, how or which tourists destination wants to attract and / or maintain.
Segmentation of the tourist market is the first
step in this decision. But this is segmentation,
which is based only on geo demographic changes,
disadvantages. To make the results market-usable,
they must be combined with psychographic measures.
1165
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The ratio of tourists to the authenticity of the
tourist product was as specific psychographic segmentation criteria so far in this context used only
rarely, its inclusion in the analysis of the tourism market can, in our opinion, contribute a lot
with improving understanding of the background
events within it. The importance of the role of authenticity in tourism testifies extensive literature
which discusses mainly themes from anthropological and sociological view. In our previous research economically views of inclusion or absence
of elements of authenticity in tourism offer were
very neglected with multidisciplinary research in
this field, which would connect knowledge in the
fields of sociology, anthropology, and economics
practically wasn’t there.
In all cases we have, on one side the curious,
individual tourists, who are better educated and
therefore more demanding. Their main motives
for travel are the challenges, learning, exploring
and fulfillment. On the other side we have passive
tourists who do not like changes. They are on average less educated and less demanding, and also
the "weaker" consumers. The main motives of
those tourists are pure nature (annual leave (vacation), WSF tourism ...).
The purpose of the research is to determine
the facts in economics and sociology, which are
linked to authenticity in tourism and to determine
in the case of Una-Sana Canton, what is importance attributed to tourists when choosing travel
destinations to its authenticity. In addition to this
is the desire to check, what kind of "weight" the
individual elements worn in the overall tourism
product.
As the theoretical sources and previous studies
in the observed field results, that different group
of tourists attributes different significance to the
authenticity of the tourist product. That’s why
we used a relationship to authenticity as a specific psychographic segmentation criterion of the
tourism market. We remain with the inclusion of
existing information about the opportunities and
trends in the work of the tourism market, which
is relevant to the processing area, wanted to prove
that the authenticity of tourism offer has a significant influence on long-term economic success and
a sustainable development of tourism destination.
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2. Tourism
By definition of World Tourism Organizations
(WTO) tourism is a set of activities where people,
with the purpose of vacation, business, or other
travel purposes, are residents in areas outside the
permanent place of residence for a period less than
one year.
The importance of tourism in the world measurement best represent data of the World Tourism
Organization (WTO), indicating that tourism was
in the beginning of the 21st century, the world's
largest economic activity with strong multiplication function, and they also predict relatively rapid
further growth.
2.1 Tourist destination and tourist product
Bieger defines a tourist destination as a spatially limited competitive unit. Kotler and his
associates add, that destination may be the most
significant level of competitiveness in tourism. Its
competitive ability is determined with (Ritchie,
2001. pg.2):
–– basic condition for the tourism industry,
such as infrastructure, access, etc.
–– main resources and attractiveness
–– destination management
–– policy,
planning
and
destination
development,
–– other factors, such as location, price, safety,
image, etc.
The tourist destination is the freshness of products (this includes services) and resources, leading to overall tourist experience. We can compare
tourist destination with traiding, which offers on
limited space a number of different products.
2.1.1 Elements of the tourism product
Tourism product has the nature of services. The
importances of the tourism product are particularly its heterogeneity, intangibility, irreversibility
andinternational perspectives.
The tourism product fails to meet basic human
needs, so it ison the market in direct competition
Volume 6 / Number 4 / 2011
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with other consumer goods, such as books, entertainment electronics... The tourism product itself
does not exist, because it is always the sum of several elements, which are physical or service nature.

cultures, presenting their own work, visiting festivals, folklore, sightseeing and monuments, etc.
And in a broader sense as "Tourism, that meets the
needs of tourists by exploring something different,
raising their cultural level, knowledge, experience
and enables new encounters. "
3.2 Measures for judging authenticity in tourism

Figure 1. Content of tourism product
3.  Authenticity in tourism
Authenticity and the relationship to the authenticity of the tourist product is one of the most frequently cited, and only rarely considered in detail
the criteria to distinguish tourists. Most authors
agree that the importance of the role of authenticity in tourism is large and increasing, very few
of them can accurately determine the authenticity
The Dictionary of Foreign Words indicates "authentic" as something that is intimate, original,
credible, which corresponds to the original.
3.1 Authenticity and cultural tourism
The issue of authenticity in tourism is most
often related to culture, or so-called cultural tourism (Waller, Lea), that’s why most authors do not
speak of authenticity in tourism generally, but the
theme is dealing with the other side - authenticity
is seen as one of the views or problems of cultural
tourism.
Cultural tourism is not very detailed concept
and has several different meanings. World tourism organisations chooses a cultural tourism in the
narrow sense, as a person travels to study foreign
Volume 6 / Number 4 / 2011

Cohen mentions the type of measure for judging authenticity in tourism, which are offered by
different authors (Appadurai, Berger, Trilling,
Cornet). The first two of these criteria on the basis
of the research results indicates Kontogeorgopoulos (2003). Those and others as follows represent
benchmarks that we took in consideration in designing measures that were used in our study.
The first measure, which is mentioned by Cohen, is modernity. Before the phenomena of modern tourism, the question of authenticity practically wasn’t here. Simplified said, modern in tourism is inauthentic. The second measure, which is
mentioned by Olsen, is there a product made especially for the market. The third measure is related
to the construction method.
3.3 Authenticity of certain elements of the
tourism product
Below is represented several emphasizes by
different authors about the authenticity of certain
elements of the tourism product. For the basis
we can take the classification, offered by Ritchie,
Crouch, and Hudson in their model of competitiveness of tourist destination. In it, between the
"capital resource and the element of attraction" of
destination is included:
–– climate and natural environment,
–– historical and cultural monuments, which
include typical cooking,
–– opportunities for a variety of activities and
entertainment that destination offers to
tourists
–– events and performances
–– tourism superstructure
–– market connections.
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Table 1. Elements of a tourist destination, where it is justified to consider the authenticity

4.  Authenticity and continuous /
sustainable tourism
Rapid changes, crude ventures in the natural
environment and lifestyle of the local population,
dictated by the intensive development of tourism,
destroys the balance, that is established through a
relatively long period, in which some elements of
the destination "received" authenticity. With a permanent view this kind of development provides (at
least in the short term) the economic needs of the
local population, often negatively affect the area
to meet the social and aesthetic needs, threatens
cultural identities of the local population, ecological processes and biodiversity.

5.  Field of study - Una-Sana Canton
Bosnia and Herzegovina is the heart shaped
country that lies at the heart of southeastern Europe. Here are eastern and western civilizations
meeting, sometimes clashed, but more often enriched and reinforced each other throughout its
long and fascinating history. Bosnia and Herzegovina is a long name for a country that occupies only
50 000 km2. The northern and central part of the
country is called Bosnia, a name probably derives
from the ancient Indo-European word “bosana"
which means water, that Bosnia isn’t missing of.
Perhaps what is more important today´s visitors
to know is that Bosnia and Herzegovina is a stunningly beautiful country with a vast number of
landscapes, cultures, traditions and people. As the

Figure 2. Increasing the gap between supply and demand by authentic tourism products
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old cliché says "people make the place" - Bosnia
and Herzegovina can be proud of its hospitality and
treating our guests as if they were family members.
Canton is known as the Bosnian Krajina.
Croatian Krajina, which is located just across
the west border, was at a particular time crucial for the Ottoman conquest and was used by
the Ottomans as a line of defense. As the Empire began to withdraw so did the border within
the Bosnia and entire northwestern part of the
country became known as the Bosnian Krajina.
A huge amount of crystal clear water in this area is
a special phenomenon. Rivers Una, Korana, Sana,
Sanica and Unac are just some of the clean sources
that flow into the Sava River.
On the basis of the conducted researches it was
established that the Una-Sana Canton has:
–– a very advantageous geographical position,
–– waters that have the quality and quantity of
significant potential for multipurpose use
(drinking, thermal and mineral),
–– land, forest and mineral resources, which
represent an extremely valuable base for
production,
–– natural beauty and amenities for tourism
development,
–– cultural and historical heritage,
–– climate that is advantageous for the
development of all activities and
–– diversity of flora and fauna ...
Micro-destinations: Territorial USC consists
of eight municipalities namely: Bihac, Bosanska
Krupa, Bosanski Petrovac, Buzim, Cazin, Sanski
Most and Velika Kladusa.
6.  Methodology
Conjoint analysis is multi variant quantitative
technique, which provides an overview of the development of preferences and the "weight" of
people in the process of deciding between different
alternatives (Tse, 2001, pg. 12). In the early seventies of the previous century, when it first appeared
in the literature, has received a great importance in
the world market (Jaeger et al., 2001.pg.1217). This
theory suggests that the researcher can not consider
what is the benefit that for the individual represents
Volume 6 / Number 4 / 2011

in each selection (product), but can with his consideration of choosing between different products
conclude which factors influence his choice.
For the conjoint analysis have to be completed
two basic assumptions:
–– product must be a combination of different
characteristics
–– those profiles or combinations of levels of
characteristics, must determine consumer
choice and its evaluation of the product.
Basically with a conjoint analysis we got two
results:
1. Partial use of individual-level characteristics
(part-worths, part-utilities).
2. Relative importance (significance) of
individual characteristics (in our study are the
"elements" of tourism products) - these are for
every characteristic calculated as the difference
between the highest and lowest value of gained
benefit of level of individual characteristics
(Koo). The higher this difference is, a more
important role has certain characteristic in the
decision making process of consumer.
The relative importance of each characteristic
is usually calculated using the form below. (Smith,
2003):
(max. Pbl characteristic i – min. Pbl characteristic i)
Rici = -----------------------------------------------------------∑ (max. Pbl characteristic j – min. Pbl characteristic j)
j=1

Rici = relative importance of characteristics i
Pbl = partial benefit level
n = number of characteristics that are included in
the analysis
Preparation of the conjoint experiment goes in
four stages:
1. Identification of key characteristics of the
product,
2. Determining the appropriate level (numbers
and values) for each characteristic,
3. Forming appropriate profiles, from which
the respondents choose,
4. Forming appropriate design which will
enable the respondents realistic and
convenient procedure for selection.
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Conjoint analysis has been in the last two decades, many times used in researches in the field
of tourism (Tse, 2001). In Una-Sana Canton conjoint analysis was used for the first time, so this
study represents the first-born in this area.

7. Presentation of the observed sample
In Una-Sana Canton in 2008th was registered
approximately 22 500 tourists (SU F BiH). 256 respondents represented 11.3 ‰ of population.

6.1 Research plan
For division of tourists on individual segments,
we used a priori segmentation based on socio-demographic and other data about the respondents
and a posteriori segmentation using cluster analysis.
Empirical research has been done in the summer of 2008 using a structured questionnaire (with
open and closed questions) and the conjoint experiment. Data were analyzed using SPSS version
10.0 and 13.0. Conjoint analysis was performed
using multiple linear regression.
Conjoint analysis has been selected to receive
implicitly expressed preferences of respondents
regarding the authenticity of certain elements of
the tourism product, because of the mandatory
„weighing" between different profiles this method
would give more realistic results than directly expressed preferences. Nevertheless, we decided for
parallel receiving of directly derived meanings of
authenticity of the obtained data which served as a
security database, and also allowed us to compare
explicitly and implicitly expressed preferences of
respondents.

Figure 3. Age structure of respondents

Figure 4. National structure ofrespondents
The upper figure shows that in 70% of cases
the main motive is rest and recreation visit. The
second most important motivation was education
(11%) followed by a business motive (9%).

Table 2. Elements of the tourism product in Una-Sana Canton, in which appears problem of authenticity
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14
1170

Elements of the tourism product
Cultural heritage (human art, traditions, legends, ...)
Food and beverage
Intact authentic nature
Lifestyles of the local population (their doings, utrip street ...)
Arhitecture
Arts(modern arts, galeries...)
Products of domestic crafts, souvenirs
Events, Celebrations
History (historical arhitecture, historical theme parks...)
Interiors of crafts accommodation
Relationship between host and tourist
Additional Tourist Attraction
Museums
Religion

No. references
9
7
7
7
6
6
5
4
3
2
2
1
1
1
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of smallest squares (OLS). These coefficients
represent the partial use of certain levels, so that
from them can immediately see how the level of
contributions over benefits and value of tourism
product for the respondents. For each element was
based on these partial benefits calculated and their
relative importance in the selection of destinations
and the corresponding rank.
Figure 5. Structure of respondents by main motive of the visit
7.1 Presentation of directly obtained evaluation for the entire sample
The following shows the ratings, which interviewed explicitly attributed to the importance of
the entire cost of the tourism product and the authenticity of certain elements of the tourism product in the selection of tourist destinations.
7.2 Results of conjoint analysis for the entire
sample
To assess the partial use of certain levels in the
conjoint experiment involved elements were used
regression coefficients obtained with the method

Figure 6. Relative importance of elements
obtained with conjoint analysis for the entire
sample
The relative importance of elements that were
included in conjoint experiment, were calculated
from the form, based on average values of partial
benefits. This relative importance can be interpreted as shares, which each of the considered elements contribute to the decision about the choice
of tourist destinations.

Table 3. Results of directly obtained scores
Element
Significance of typical meals and beverages
Importance of preserving authentic nature
Importance of diplaying cultural inheritance
Importance of preserving experience of the place
Importance of authentic architecture
Importance of the price when selecting destination

n
256
256
256
256
256
256

Mean value of
responds *
3,79
3,54*
3,38*
3,38*
3,50*
3,47*

Standard
deviation
0,89
0,91
0,91
0,95
0,98
0,87

Rank
1
2
4
4
3
6

Table 4. Absolute values directly obtained by measuring thecontent elements of the tourism product
Element
Significance of typical meals and beverages
Importance of preserving authentic nature
Importance of diplaying cultural inheritance
Importance of preserving experience of the place
Importance of authentic architecture
Volume 6 / Number 4 / 2011

n
256
256
256
256
256

Mean value of
responds *
4,72
4,20
3,58
3,58
3,69

Standard
deviation
1,16
1,38
1,19
1,22
1,35

Rank
1
2
4
4
3
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Table 5. Results of the conjoint analysis for the entire sample
Element/level
Hospitality offer
Typical meals and beverages
Typical and atypical meals and beverages
Only atypical meals and beverages (basic variant )
Natural environment
Intact authentic natural enviroment
The great enterprise of autochthon natural
environment (basevariable)
Contents of events
Display of human extradition
Display of human extradition and modern
entertainment
Only modern entertainment(base variable)
Expirience of the place
Preserved
Partially preserved
Quite changed(base variable)
Architecture
Typical
Mixed typical and atypical
Atypical(base variable)
Price
Lower level
Higher level(base variable)

Average partial Standard
Relevant
Rank
benefits of levels deviation importance (in %)
17,64
2
0,53
0,76
0,49
0,72

The highest relative importance for the sample
has "Natural Environment“which is a good 34%
"overweight" when deciding the destination. As
expected, the average partial benefit of levels
„Intact authentic natural enviroment“is positive,
which means that the level of averagely increase
the overall value of tourism destination in the eyes
of the respondents or the value of choice.
By ranking the second place is "Hospitality service" with 18%. Average partial benefits of levels
"Typical food and beverages" and "Typical and
atypical food and beverages " are positive, and the
difference between them is small. The third most
important element is the "price" with 15%. Understandably, lower prices have positive partial benefit.
The following element is "Architecture" with
14% relative importance in choosing destinations.
Differences between the partial benefit levels
"only the typical architecture of the area," which
has the highest partial benefit, and "mixed typi1172

0,98

1,09

0,25

0,76

0,17

0,86

0,29
0,26

0,50
0,37

0,34

0,73
0,64

0,85
0,85

0,59

34,16

1

9,01

6

9,76

5

13,82

4

15,42

3

cal and atypical architecture" is slightly larger than
the "hospitality services" because it is 0.13.
The fifth element is the "experience of place"
or "Living accommodation" with a weak 10% of
relative importance. Between the level of "Preservation" and "partial preservation of experience" is
only 0.03 difference in favor of the first.
The smallest relative importance respondents
attributed to the "content events", only 9%. Here is
the difference between the values of the partial use
of both not based levels is relatively low (0.08).
They attributed higher partial benefit to the level
of "display of human extradition".
8. Conclusion
Researches, which would include the concept
of authenticity, were under-represented and was
discussed only of the sociological and anthropoVolume 6 / Number 4 / 2011
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logical views, although there is an extensive list of
references and sources, which reviews authenticity in tourism, so this term is mentioned almost in
each book, which tells about tourism.
With the study of the theoretical resources we
have come to the conclusion that the relationship
to the authenticity of the tourist product important
criterion to distinguish between different types of
tourists. In principle, the increasing importance to
the authenticity of the tourist product, and consequently travel experiences will attribute serious
tourists who see participation in tourism as escape
from the excessive rationality and everyday life.
These tourists would be the averagely older, better
educated, with higher cultural capital, and would
be protective environmentally-conscious, significant motives of their journey would be learning
and exploring foreign places and cultures.
Theoretically limited resources have led us to
the idea, to use the relationship to authenticity as a
criterion for the segmentation of the tourism market. Van Raaij and Verhallen claim that for the successful market segmentation with general variables,
such as gender, age, income, etc., is necessary to use
specific regional variables, which are justified only
in certain areas (such as tourism). We evaluated
that the relationship to the authenticity of the tourist
products such specific psychographic variable that
was in terms of market research so far used only
in exceptional cases. With a better understanding of
the background events in the tourism market this
segmentation also serves as additional information
on the specific design market strategies and the development of tourist destinations.
Trends in (for Bosnia and Herzegovina) major
emission tourist markets, we have in mind particularly the aging population, the development of formal education and cultural capital of the population,
increasing disposable income, etc., in connection
with the theory indicate that the demand for relatively authentic tourist destinations will be on the rise.
On the supply side, in the last two decades, we
have a problem with the intensified competition between tourist destinations, which is a result of the
emergence of new destinations, low price airline
carriers and the development of information technology. Under such conditions destinations must , if
they want to be successful long term, appropriately
differentiate and find their preserved competitive
Volume 6 / Number 4 / 2011

advantage and direct its development in accordance
with the principles of permanent / sustainable development. We assume, that the narrowness of authentic tourist destinations, with increased demand,
will keep in achieving higher prices overall tourism
product in these destinations. In addition to this authenticity is also the source of differentiation, and
perhaps a greater competitive advantage of destination, because with each copy authenticity loses.
The results of quantitative studies would be necessary to amend with appropriate qualitative studies
and relationship to the authenticity of the specific
examples, which would allow a detailed overview
in the areas under consideration, and an easier interpretation of the quantitative research findings.
The study of the demand would be justified to
supplement with additional research by the supply.
We have in mind particular monitoring of emergence the new and developing existing tourist destinations with regard to their authenticity. Just so
it would be possible to fully verify the validity of
the model set.
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Technology enhanced learning
as a key component of increased
environmental awareness amongst
students from the University of
Belgrade
Sonja Isljamovic, Natasa Petrovic, Veljko Jeremic
University of Belgrade, Faculty of Organizational Sciences, Serbia

Abstract
Environmental Education fosters skills and
habits that students can utilize throughout their
lives to understand and act on environmental issues. The key aspect of this paper shall be focused
on the measuring of effective environmental education through “blended learning” among students
at the Faculty of Organizational Science, University of Belgrade. In this paper, the activities of students are compared over two academic years; the
first without “blended learning” and the second
with a “blended learning” platform. A closed form
questionnaire for measuring individual ecological
footprints has been used in this study to determine
the students’ environmental behaviour modification (through corresponding environmental actions). An analysis of the results has been carried
out using the SPSS software package and the results have indicated that a statistically significant
increase of environmental awareness had indeed
occurred.
Key words: ecological awareness, distance
learning, Moodle, ecological footprint
Introduction
Population growth and economic development
have exerted a considerable impact on the Earth
and the human race is coming face to face with
a series of incompatibilities among natural resources, the environment and the global economy.
These facts demand a new concept of developVolume 6 / Number 4 / 2011

ment – one which is sustainable and that takes
meeting the needs and desires of every individual
of the Earth into account (United Nations, 1972).
Significant changes must occur all over the world
to ensure rational development – changes that will
be directed towards an equitable distribution of the
Earth’s resources and which will more fairly meet
the needs of all humans. This kind of development
will also require a maximum reduction in harmful
effects on the environment, the utilization of waste
materials for productive purposes, and the design
of technologies which will allow for such objectives to be achieved (UNESCO-UNDP, 1976).
The reform of educational processes and systems is crucial for the creation of new development
ethics (United Nations, 1972). The goal of environmental education is to produce a population
aware of the environment and concerned about
problems relating to this concept. Environmental
education is based on the knowledge, skills, attitudes, motivations and commitments of individuals and collectives willing to work towards solutions of current problems and the prevention of
new ones. This can be further defined as "learning to protect and improve the environment in a
systematic, planned and knowledge-based way
over the whole human lifecycle in order to spread
awareness about basic characteristics of the environment, its structures and relationships that tends
to make one protect and improve the environment
in a way that will ensure human existence now,
as well as in the future", (Petrović, 2010; Petrović
and Milićević, 2006; Petrović and Milićević,
2007; UNESCO, 1998).
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One key characteristic of environmental education is action, as it must promote human responsibility and, in doing so, encourage learners to use
their knowledge, personal skills, and assessments
of environmental issues. Due to this, the need for an
adequate measurement of environmental education
is necessary. Ecological footprinting, as an environmental indicator, is an excellent tool for measuring
environmental education and actions. Ecological
footprints are used to translate consumption and
waste flow data into a measurement of the biologically productive area required to sustain this flow.
In this study, ecological footprints have been used
as an input feature that provides an effective heuristic and pedagogic tool to capture the current resource use of students attending the course of Environmental Management at the Faculty of Organizational Sciences - University of Belgrade, Serbia.
The Ecological Footprint
From this standpoint, the struggle for ecological services and goods will play the most important role in the 21st century. All human activities
require the use of the same natural resource: biologically productive land. Nevertheless, this also
includes land used for buildings and roads, food
production, the production of energy and material resources, as well as land required for wastedisposal and the absorption of emissions. In the
early 1990s, the ecological footprint concept was
created by Mathis Wackernagel and William Rees
at the University of British Columbia (Rees, 1992;
Wackernagel et al, 2004; Wackernagel et al. 1996),
and presently this concept has become established
as an important environmental indicator.
Ecological footprinting tracks the area of biologically productive land and water required to
provide the renewable resources people use and
includes the space necessary for infrastructure and
vegetation to absorb waste carbon dioxide (CO2).
An ecological footprint is a calculation framework
that tracks humanity’s competing demands on the
biosphere by comparing human demand against
the regenerative capacity of the planet Earth. As to
determine whether human demand for renewable
resources and CO2 uptake can be maintained, an
ecological footprint is compared to the regenera1176

tive capacity (or “bio-capacity”) of the Earth. Such
capacity is the total regenerative capacity available
to serve the demand represented by the footprint.
Both the ecological footprint (which represents a
demand for resources) and bio-capacity (which
represents the availability of said resources) are
expressed in units called global hectares (gha),
where 1gha represents the productive capacity of
1ha of land at the world’s average of productivity,
(Ewing et al., 2009). The collective impact of this
land consumption determines the limits for the local function in the following (Living Planet Report 2010, 2010; Aall and Norland, 2002):
–– Biodiversity Land
–– Bio-productive Land (Arable Land, Pasture
Land and Forested Land)
–– Bio-productive Sea Space
–– Built Land
–– Energy Land
Ecological footprinting is a resource accounting tool that measures how much biologically productive land and sea is available on our planet and
how much of this area is appropriated for human
use (Haberl, 2001).
It clarifies the relationship of resource use to equity by explicitly tying activities of the individual
and group to ecological demands, (Wackernagel et
al., 2006). Ecological footprint analysis attempts
to measure human demand on nature. It compares
the human consumption of natural resources with
the Earth's ecological capacity to regenerate them.
In the future, ecological footprints shall be able
to be used in the process of identifying and planning strategies, which will help ensure their rational use in a world of limited resources. The world
average ecological footprint last year (Living
Planet Report 2010, 2010) was 2.7 global hectares
per person, while the ecological footprint of Europe was 4.7 hectares. The situation in the Balkans
is slightly better, the lowest footprint was in Serbia
(2.4 ghp), which was followed by Bosnia and Herzegovina (2.7 ghp) and Croatia (3.7 ghp).
The Moodle Platform
Moodle, a platform for making academic
courses, is a software package specially designed
Volume 6 / Number 4 / 2011
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to help lecturers and professors create online
courses. These systems are usually called distance
learning or virtual learning (Desnica et al. 2010;
Kudumovic et al. 2010). Combining this system with traditional classroom teaching creates a
blended learning environment, which has proved
quite successful in many cases.
Moodle is “open source” software, which essentially means that it can be freely downloaded
from the Internet, used, modified, and even distributed (under a GNU license). Moodle is easily run
in UNIX, Linux, Windows, MAC OS X, Netware
or any other system that supports PHP. All of its
data is recorded in a single database: MySQL and
PostgreSQL are best for Moodle; however, Oracle,
Access, Interbase and ODBC can be used as well.

Figure 1. Open Source Application and Web
Server Software
In the distance learning process, open source
software can be used in many different phases
such as application software that performs learning content preparation and in LMS which provides learning content presentation in a web
based environment as well as web server software
(APACHE e.g.). Due to the advantages of distance
learning, schools and companies are adopting
these new learning technologies and increasing
their investments in them. However, along with
the advantages, installation and support costs,
Volume 6 / Number 4 / 2011

there appear to be great disadvantages compared
to a traditional learning environment. These are
able to be reduced to a great extent by the use
of open source software which provides further
gains. OpenOffice, StarOffice, KDEOffice, and
GNU Office software, which are all under open
source content authoring tools, are also among the
most widely used content preparation tools. Statistical studies show that open source web server
software is again found mostly to be preferred and
widely used in learning content presentation in a
web based environment such as (Netcraft Survey,
2008). Figure 1 shows that open source application
and web server software is used in an open source
e-learning system (Aydin and Tirkes, 2010).
At present time, university education is strongly
influenced by new technology. The impact of the
learning management systems (LMS) is particularly significant for science and engineering studies
where they are but a particular case of a set of software tools applied in these areas. In general, LMSs
provide web-based interfaces that support a wide
range of activities. These include forums, content
resources, questionnaires, chats, assignments and so
on, which are generally sufficient for setting up standard courses. LMS can also integrate other tools of
great interest when teaching an engineering course,
such as in the automatic checking and verification of
a student’s lab work.
A typical Moodle installation is made up of three
elements: a directory for the PHP files constituting
the source code of the application, another directory
with files containing data on the courses and users,
and a database which defines the different objects
that integrate the system. A Moodle basic organizational unit is the course, which is accessed through
a web page. A course is organized into sections that
may correspond to topics or weeks, appearing in the
middle column of the page. It is possible to include
different resources and activities in all sections. The
last are to be assigned as home or class work to be
further developed on by the students. Other elements
can appear on both sides of the page, such as blocks,
containing different shortcuts or control elements.
Users are another essential Moodle object: they can
enroll into different courses as administrators, teachers or students. Each role is defined by its capabilities in a certain context, meaning that they have set
of privileges when performing certain actions.
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In this particular paper, this type of blended
learning module and its possible contribution in
improving student’s environmental awareness
shall be explored. This approach combines faceto-face instruction with computer-mediated instruction (Moodle platform).
Results of the Statistical Analysis
A survey was conducted at the Faculty of Organizational Sciences, University of Belgrade over
a two year period, 44 students of the 2009/2010
academic year and 55 students of the 2010/2011
academic year. Students were asked to provide answers for 14 closed-type questions. Several questions were focused on dish and food consumption,
others dealt with spending money, goods, some
regarding household matters (electricity, etc...),
while the rest were about transportation. The EF
value for each student was calculated according to
their answers to all of these questions (Išljamović
et al., 2009, 2010; Jeremić et al., 2010). The creation and evaluation of this survey was based on
the Global Footprint Network standard.
The study was carried out in two stages. During
the winter semester of the 2009/2010 academic
year, 44 students (a traditional learning group) attended classes under traditional methods: classes
and lectures and case study projects. Before they
took lectures and classes, students had undergone
pre-testing and had completed an EF survey. After
successfully completing the course, students were
then graded and took part in the survey one month
after the completion of their academic obligations.
This was done for several reasons; first of which
was that by using this approach students were better able to freely express their thoughts, as they
had already passed the exam and had already been
graded. Moreover, they had one month to implement new habits into their lifestyle.
For the winter semester of the 2010/2011 academic year, 55 students (a blended learning group)
attended classes under a blended learning module.
Before they took lectures and classes, students had
undergone pre-testing and had completed an EF
survey. In addition to more traditional methods,
such as classes and lectures, students were engaged
in continuous case study projects which were per1178

formed using the Moodle distance learning platform (http://myelab.net/moodle/login/index.php).
Students were encouraged to extensively participate in case studies and Internet resources were
made easy accessible to them. After successfully
completing the course, students were then graded
and they took part in the survey one month after the
completion of their academic obligations.
In order to evaluate the results of this survey,
the statistical software package SPSS 17 was
used. In the first (2009/2010) year of research (the
traditional learning group), 44 students (20 males
and 24 females) participated in the survey. They
completed an EF pre-test and an EF value for each
student was calculated. The first item that was examined was if women are more ecologically aware
then men; consequently, as to whether males and
females differ on value of EF was tested. Using the
Kolmogorov-Smirnov test, it was determined that
this variable was normally distributed (p > 0.05).
In accordance with these results, the parametric ttest was used for independent samples. The results
therein showed no significant difference between
genders, p > 0.05. The same conclusion was also
determined in pre-testing the second (2010/2011)
group (the blended learning group).
An important issue that has been sought to be
raised by this study is the possible difference between genders in answering each of the 14 questions on the survey. Chi-square test of the categorized data (or Likelihood ratio test) was performed
and the results have shown that there is no statistically significant difference between males and females when it comes to answering this issue at all.
For instance, males and females significantly do not
differ in their use of automobiles (χ2 = 4.019, df = 3,
p> 0.05), neither in answering to question “What is
the fuel consumption of the car you most often use
for travelling? (LI = 1.968, df = 4, p > 0.05)”
Further on, a few interesting observations came to
be noted in the study. The results have also shown no
statistically significant difference between males and
females in the number of new clothing items they
buy (LI = 1.765, df=3, p > 0.05). The same conclusion was made when the variables for “What is the
percentage of food you throw away and what percentage of food you buy is locally grown or seasonal” was compared. The results implied no statistically significant difference between genders (χ2=2.151,
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df=2, p > 0.05; respectively, χ2=2.631, df=3, p >
0.05). This may arise due to the fact that a great number of students in Serbia are dedicated to the trend
of healthy and organically grown food. Their diet is
also mostly based on locally grown food. The result
is that over 70% of students consume such food in
their daily diet, which implies a high level of ecological perception upon the part of students and their
families. As a rule of thumb, buying local food will
generally result in a lower ecological footprint, since
the purchase of locally grown meat and vegetables
can reduce one’s food footprint by as much as 10%.
The key aim of this study has been to determine
whether a significant reduction in the students’
ecological footprint value occurred after an entire
semester of this course, and if it was improved
through the use of the Moodle platform. The results
(Figure 2) clearly show that the students were able
to substantially raise their level of environmental
awareness. Before taking the course of Environmental Management, students of the 2009/2010
traditional learning group had an Ecological Footprint value of 1.272 ± 0.161. After completing the
course, their EF was 1.213 ± 0.136, for which a statistically significant reduction of EF value occurred
(p<0.01, paired t-test has been performed).

A crucial point in this work has been determining whether a blended learning module can achieve
better results than a traditional learning module.
Therein, it was first determined as to whether these
two generations of students were similar according to their prior environmental awareness level;
for which no statistically significant difference
was found (p=0.425; independent t-test has been
performed). In respect to these results, it can be
concluded that these two generations of students
have a similar ecological awareness background.
Consequently, the crucial research question is
whether a statistically significant difference exists
between these two learning modules. The results
have shown that students who have worked under a blended learning module have a statistically
lower EF value (a greater environmental awareness level) than students who have learned under
traditional learning modules (p<0.01, independent
t-test has been performed). It can therefore be concluded that both ways of learning provide students
with enough knowledge to substantially raise their
level of environmental awareness, however blended learning modules prove to be far more successful in this task.
Conclusion

Figure 2. Pre-course and after course EF results,
traditional and blended learning
Before taking the course of Environmental
Management the following year, the students of
the 2010/2011 blended learning group had an
Ecological Footprint value of 1.246 ± 0.194. After completing the course, their EF was 1.120 ±
0.176, for which a statistically significant reduction of EF value occurred (p<0.01; paired t-test
has been performed).
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Slightly more than 60 students enrolled into
the course “Environmental Management” taught
in the final (senior) year of undergraduate studies
at the Faculty of Organizational Sciences, University of Belgrade. This study has been based on a
sample of 44 and 55 students, which is by far a
representative sample. The average value for the
EF of the students was 1.213 ghp. Compared to
Serbian (2.4ghp) and EU (4.7ghp) averages, this
represents an impressive achievement and demonstrates a high level of environmental awareness
among Serbian students. The core of these impressive results comes from adequate and permanent
environmental education and high environmental
education accomplishments, as well as knowledge
acquired from the abovementioned course.
This research project has shown that Ecological Footprints are an excellent tool for measuring
levels reached in objectives and aims for higher
environmental education. However, this project
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also leads to the conclusion that a proper higher
environmental education must contain curriculum that is focused on environmental science, as
well as on personal and social connections with
the environment, which represents an effective
educational model for moving towards sustainable changes. Additionally, one of the conclusions
of this research project emphasizes the importance
of future research on developing a formal environmental education curriculum in Serbia, especially
on the graduate and postgraduate level, as directly
investigating factors of proper higher environmental education represent the support needed for
the future adjustment of academic behaviour.
The results of this study clearly have shown that
students are able to substantially create new, better
patterns of behaviour in relationship to the environment, and decrease their EF value EF by utilizing
their newly adopted environmental actions. Students here were successful the most aspects which
significantly improve their understanding of the
connection between their way of life and the environment (throwing away less food, responsible
money spending, smaller diet modifications, etc...).
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Abstract
Purpose of this study is to determine reasons
for low ICT literacy of elementary school graduates. Motivation is one of the key factors for quality knowledge acquisition from a certain field. The
quantity of acquired knowledge from the field of
Information Technologies very much influences
computer literacy of one country's population.
Although there is common belief that elementary
school students have very high level of motivation
for ICT lectures, reality is different. A research has
been carried out for discovering the real level of
motivation of students for ICT lectures and their
attitude towards this subject. The results of the research show relatively low level of motivation and
high degree of misunderstanding the reasons for
learning certain fields of ICT.
Key words: elementary education, computer
literacy, students attitude.
1. Introduction
Computer literacy represents having a certain
level of knowledge and abilities for efficient use
of computers and technology and it is essential
part of literacy nowadays (Pećanac, 2009). Modern life requires high level of computer literacy of
population, for everyday life as well as for managing more and more jobs and chores. Education
from ICT in elementary schools influences a lot
the computer literacy of population. Elementary
school is compulsory so the knowledge acquired
there has effect on the whole population, and
that age span is the most susceptible to acquiring
knowledge of new technologies (Cha et. al, 2010).
The positive attitude towards subject of study
is one of the main factors which influences the
1182

quality and the quantity of acquired knowledge
(Lambić, 2011). There is a common belief, that
pupils have very positive attitude towards computer science lessons, but some parameters show
that reality is different. Although ICT education
is for many years part of elementary education in
most European contries, research of ECDL foundation from Dublin [Veljković, 2009] show very
low level of ICT literacy in some Countries (Serbia for example). This research indicates that elementary school graduates in average have very
weak knowledge from this field, so question is
asked what is the cause of this condition. One of
the aspects of significant influence is motivation
of students for ICT education.
Because of that a research has been conducted
so the exact level of students' motivation for ICT
lectures could be established. The poll that was
filled in by students of elementary school contains
questions about their attitude towards ICT lectures
overall, as well as the questions on certain ICT
fields, level of interest and usefulness of the subject matter.
The rest of the work is organized in following
manner. Chapter 2. deals with computer literacy in
Serbia and in chapter 3. methods used in this paper are presented. Chapter 4. deals with the results
of the poll concerning the attitude of students towards overall subject of ICT, and also there is the
analysis of students' attitude towards certain fields
of ICT. The conclusion is in chapter 5.
2.  Computer literacy
ICT literacy is essential part of literacy of today. Except for classical knowledge, it is needed
to master also the elements of computer literacy.
This means that it is essential for population to be
Volume 6 / Number 4 / 2011
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capable for use, development and comprehension
of information technologies and its wide application in economy and society, that is to become able
to use computers and computer programs.
Computer literacy of European citizens is measured by the number of people who have ECDL
(European Computer Drivers License) certificate.
The possession of the certificate means the person is able to use computers in everyday activities.
According to the report of ECDL foundation from
Dublin from 2009 (Veljković, 2009), which is an
exponent of European Commission, Serbia has
only 0,14% of computer literate citizens. Some
of the countries in the region have 0,6 computer
literate citizens, and Ireland even 10,21%. These
data have to be taken into account with a certain
amount of reserve, because there is certainly a
great number of Serbian citizens (and of other
countries) who use computer quite well but do not
have ECDL certificate (the author of this work is
one of these). Still, these data have to be understood as a warning that some countries as a society
have to put greater effort for educating people in
ICT sense.
Country being late in computer literacy has
multiple consequences. The worst is to be late with
application of new technologies in all branches
of economy, which in big part lowers the competitiveness. Also the systems of electronic health
system and education cannot begin to emerge, and
investments into computer equipment go down
etc. In Serbia, for example, we can electronically
buy foreign goods and services but not domestic
ones which is a certain paradox for according to
the number of computers and Internet connections
lagging behind is much smaller than concerning
the issue of computer literacy (Veljković, 2009).
This problem can be solved with courses and
additional education of adults, but it is much more
important to deal with this issue in detail and society to focus onto educational system by which this
problem in the future could be completely solved.
ICT already exists in elementary schools but as an
optional subject, which in some manner reduces
effective value of attending this subject onto computer literacy of students. Another problem could
be relatively low interest and motivation of students for learning ICT matter.
Volume 6 / Number 4 / 2011

3. Methods
In this study, we used survey method to collect
our data. Only paper and pencil version was used,
which was distributed to students trough teachers in
elementary school "Sonja Marinković" in Zrenjanin
(Serbia). A total of 85 surveys was returned and 77
valid surveys was collected. Of the valid survey respondents, 23 were the students from 3rd and 4th
grade of elementary school (9-10 years of age) that
have not yet started the ICT lessons, and 54 were
students from 5-th to 8-th grade (11-15 years of
age) that have experience with ICT lectures.
The questionnaire used in this study had two
major sections, one concerning students attitude
towards ICT classes in general which was filled
in by students of all statures, and other concerning
students attitude towards certain ICT fields which
was filled in only by students that have experience
with lectures.
4. Results and discussion
4.1 The motivation of students for attending
ICT lessons
There is a belief that the level of students' motivation concerning ICT lessons is very high. The
results of the poll with the students in 3rd and 4th
grade of elementary school that have not yet started the ICT lessons prove this presupposition, but
in fact it does not show the reality. By conducting
the poll among senior students that attend these
lessons we come to a completely different perspective on the level of motivation with students
and their positive attitude towards ICT. Even at
the start of some less interesting matter, previous
thrill with most of the students goes down.
In order to clearly make a distinction between
presupposition and real condition, the same questions about the attitude towards ICT are posed also
to students that have not yet attended ICT lessons,
and to those who have already gone through a part
or the whole program for this subject in elementary
school.
The results from table 1 show absolutely positive attitude towards ICT, no matter the previous
computer skills, which could be some rejection fac1183
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Table 1. The attitude of students before ICT lectures start (3rd and 4th grade)
1. I consider the subject ICT interesting
I strongly disagree
I do not agree
I partly agree
0%
0%
0%
2. I consider the subject ICT useful for me
I strongly disagree
I do not agree
I partly agree
0%
0%
0%
3. I would like to attend ICT lessons
I strongly disagree
I do not agree
I partly agree
0%
0%
0%
4. Why do you want to attend ICT lessons?
Because of the
I would like
In order to learn how
chance to use the
to learn how
by using computer I can
computer and the
to work on a
make studying and doing
Internet
computer
homework easier
30.43%
30.43%
52.17%
5. I consider that I know how to use computer very well
I strongly disagree
I do not agree
I partly agree
4.35%
8.7%
26.09%

I agree
4.35%

I strongly agree
95.65%

I agree
13.04%

I strongly agree
86.96%

I agree
4.35%

I strongly agree
95.65%

In order to learn
how to make
computer games
and animations
21.74%
I agree
17.39%

I strongly agree
43.47%

Table 2. The attitude of students who have experience with ICT lessons(5,6,7,8. grades)
1. I consider the subject ICT interesting
I strongly disagree
I do not agree
I partly agree
I agree
11.11%
12.96%
20.38%
11.11%
2. I consider the subject ICT useful for me
I strongly disagree
I do not agree
I partly agree
I agree
3.71%
7.41%
24.07%
22.22%
3. Ι like attending ICT lessons
I strongly disagree I do not agree
I partly agree
I agree
11.11%
16.67%
18.52%
12.96%
4. Why do you want to attend ICT lessons?
Because of the
In order to learn how
In order to learn
I would like to learn
chance to use the
by using computer I
how to make
how to work on a
computer and the
can make studying and
computer games
computer
Internet
doing homework easier
and animations
46.3%
20.38%
18.52%
7.41%
5. I consider that I know how to use computer very well
I strongly disagree
I do not agree
I partly agree
I agree
1.85%
14.81%
20.38%
35.19%

tor. Students, on the basis of some of their assumptions, without the insight into real lectures, have
formed very positive opinion about this subject.
Still, the 4th question about the reasons because
of which students want to attend ICT lessons may
give the most useful information of all in this poll.
Even 30,43% examinees as their motive quoted the
chance for the using of computer and the Internet,
which leads to thinking that they probably expect
1184

I strongly agree
44.44%
I strongly agree
42.59%
I strongly agree
40.74%

Nothing of the
mentioned

I strongly agree
27.77%

on ICT lessons to have opportunity to use computer
for fun (as toy) and not for educational purposes (as
tool) (Chou et. al, 2010). This data points that 100%
positive attitude towards ICT lessons is probably
based on wrong assumptions.
With students that have experience with ICT
lectures, you can see a serious decline of positive
attitude. The results from table 2. show what students really think of ICT and present real degree
Volume 6 / Number 4 / 2011
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of their motivation. Around 45% of students does
not consider ICT lessons interesting, around 47%
does not like attending lectures of this subject, and
what worries the most is data that around 33% of
students does not see the benefits they could have
by studying this subject.
We employed Mann-Whitney U test for verification of difference in students attitude before and
after attending ICT classes. Answers to first three
questions from tables 1 and 2 show students attitude towards ICT classes and its usefulness. If
we give grade 1 for total disagreement, and grade
5 for total agreement with first three sentences,
then we can express students answers by numbers. Results of Mann-Whitney U tests confirms
difference in students attitude, because all three
values for p was smaller than 0.01. For first question concerning students attitude towards interestingness of ICT education we have p<=0.0002348.
For second question concerning students attitude
towards usefulness of ICT education we have
p<=0.0007016, and for students motivation to attend classes we have p<=0.00008155.
These results of the poll show that the level of
motivation with students is relatively low, which
in a big part can influence the quality of acquired
knowledge from ICT. This attitude of students can
have big influence on their ICT literacy in future.
4.2 The attitude of students towards certain
ICT fields
The results from previous chapter show quite
a low level of motivation with students, however,
when the question about usefulness and interesting segments of ICT is raised by fields, a very
low level of consciousness with students is shown
concerning the reasons of learning specific fields.
It is very important for all subjects that students
understand why they learn the matter and in which
way this matter can be useful (Musto, 2008). Examinees are the students who have learned certain
fields of ICT in past two years.
Although it is important for the lecture content
to be interesting to students, the authors of this
work give more importance to the consciousness
of students that the matter they are learning is useful. As far as the students' attitude on how some
Volume 6 / Number 4 / 2011

fields of ICT are interesting, some fields that can
be connected to some entertaining content come
to the first place. As much as 75% of students declared that learning of the content connected to
the Internet is interesting, and over 71% claims
this for the use of multimedia content, which is
a very good percentage. Especially interesting is
that a large number of students, on the question
what they would like to do the most on ICT lessons, answered how they would like to use the
Facebook. Around 50% of students agree that programming, drawing, picture editing, sound editing
and video editing are interesting, which further on
presents satisfying percentage. Only 33% of students claim that the work with text processors is
interesting, and 20% that claim the same for learning the HTML code. This problem could be solved
by giving tasks during lessons, that would be interesting to carry out for students and by larger application of problem oriented lectures that would
encourage students to think how to overcome the
problems in completing the tasks (Polya, 1945).
On the other hand even more than 85% of students think that learning to work with text processors is useful. This percentage greatly surpasses
the percentage of those who think that this field
of study is interesting. Around 75% of students
think that learning to work on the Internet is useful, whereas 40% of students think that work
with table calculations is useful, and only around
26% think that learning the HTML code is useful. When the percentage of students that consider
certain field not useful is more than 25% it can
be considered as worrying, because these students
probably won't invest greater effort into learning
the content due to the lack of motivation (why to
learn something that is not useful?). When this
percent is larger than 50%, it is a defeating data,
because it means that most of the students will finish elementary school without knowing the basic
fields of ICT. This problem can be overcomed by
continual pointing to the application of learned
content, and pointing to the use and benefits that
students would have if they are better in certain
ICT skills. Of great help would be better equipped
schools with ICT equipment with which the students could on concrete examples see the advantages of ICT learning (Heck, 2009).
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Table 3. The attitude of students on ICT fields
Posible answers
I strongly disagree
I do not agree
I partly agree  
I agree
Learning work with operational systems (Windows, Linux) is interesting.
19.05%
23.81%
14.29%
14.29%
Learning work with operational systems (Windows, Linux) is useful.
0%
14.29%
33.33%
0%
Learning to work with text processing programs is interesting
9.52%
14.29%
42.86%
4.76%
Learning to work with text processing programs (Word, Writer) is useful.
0%
4.76%
9.52%
42.86%
Work with multimedia content is interesting
0%
0%
28.57%
28.57%
Work with multimedia content is useful
0%
14.29%
14.29%
42.85%
Learning to work on the Internet is interesting
3.12%
6.25%
15.63%
28.12%
Learning to work on the Internet is useful
3.12%
3.12%
18.75%
28.13%
Learning to work with e-mail is interesting
9.37%
18.75%
31.25%
31.25%
Learning to work with e-mail is useful
6.25%
25%
12.5%
25%
Drawing and picture editing are interesting
0%
28.57%
21.43%
21.43%
Drawing and picture editing are useful
0%
21.43%
21.43%
28.57%
Work on the sound and video editing is interesting
0%
11.11%
38.89%
22.22%
Work on the sound and video editing is useful
0%
16.67%
33.33%
27.78%
Programming is interesting
6.06%
6.06%
27.27%
36.36%
Programming is useful
0%
12.12%
36.36%
24.25%
Learning to work with table calculations (Excell) is interesting
13.33%
40%
13.33%
33.34%
Learning to work with table calculations (Excell) is useful
0%
20%
40%
20%
Learning HTML is interesting
26.67%
13.33%
40%
13.33%
Learning HTML is useful.
0%
20%
53.33%
20%
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I strongly  agree
28.56%
52.38%
28.57%
42.86%
42.86%
28.57%
46.88%
46.88%
9.38%
31.25%
28.57%
28.57%
27.78%
22.22%
24.25%
27.27%
0%
20%
6.67%
6.67%
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5. Conclusion
ICT literacy of the population is of great significance for the economy and development of
every country. Raising the percentage of ICT literacy of population is a serious task that should be
approached systematically. ICT education in elementary school can play the major role in solving
this problem in the future. Special attention should
be paid to the motivation of the students for ICT
lessons and their consciousness about multiple
uses they could accomplish in life by qualitative
ICT content learning
Although we have the general opinion how
students have very positive attitude towards ICT,
the research has shown that the level of students'
motivation is quite lower from expected and especially worrying is the lack of consciousness about
the usefulness of certain ICT fields, and the whole
subject. Students possess very low quality of acquired knowledge from fields they do not consider
to be useful, and that is why it is needed to show
the students as frequently as possible the concrete
application of acquired knowledge from ICT, with
which their level of motivation is elevated.
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Abstract
This paper has a multidisciplinary character, and it represents a synthesis of informationtechnology as well as educational and ecological
factors. In his work, the candidate has focused
on the research of inter-functional correlation between the above mentioned factors, working out
an integral model of computer support to ecological education of pupils in vocational schools. In
other words, he has tried to precisely define how,
when and how often to use personal computers,
education software, Internet,… and other information-technology and communication technologies
within the school subjects in vocational schools
for the purpose of ecological education of pupils in
those schools, i.e. to offer a model of informationtechnology support that could be used not only
for ecology teaching but also for teaching of other
school subjects that include ecological issues.
Key words: model, teaching, personal computer, methods
1. Introduction
The issues of protection and improvement of
natural and working environment become integral components and elements of materials used
in educational process. However, both our and
foreign literature lack the appropriate analysis and
detailed survey of possibilities to include the issue of protection and improvement of natural and
working environment into education process, particularly at the level of vocational education.
In our opinion, prompt solution of the current
issues in this area and further social, technical1188

technological and economic development at the
local, regional and global level all require establishment of adequate system of anticipative scientific and practical information by relying on
the existing experience.
The issue of protection and improvement of
natural and working environment belongs to the
complex and integral scientific field designed on
multidisciplinary basis. Therefore, in the process
of acquiring knowledge pertaining to protection of
natural environment it is necessary to bear in mind
that human’s attitude to society and nature should
be analyzed on the principles of ecology. In other
words, it means that in order to find solutions to
the problems currently existing in this area it is
necessary to involve experts of different profiles.
Therefore, following the principles of complex,
problem related and multidisciplinary interaction
based on a model of inter-subject teaching, in this
paper, we have examined their relationship within
the vocational education curriculum in the Republic of Croatia, As an experimental basis, we have
selected the Vocational School Vukovar, where
the author of this paper is employed..
The paper is a combination of informationtechnology, educational and ecological factors.
The author has researched inter-functional relationship between the mentioned factors and tried to offer in integral model of information-technology
support to ecological education of pupils in vocational schools. In other words, he has tried to
precisely define how, when and how often to use
personal computers, education software, internet,…
and other information-technology and communication technologies in vocational schools’ subjects
for the purpose of ecological education of pupils in
those schools, i.e. to work out a model of informaVolume 6 / Number 4 / 2011
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tion-technology support useful not only for ecology
teaching but also for teaching of other school subjects that include ecological issues.
The development of ecological awareness of
individuals, including vocational school pupils,
is a long-term process and which can be carried
out during ecology teaching, but also during the
teaching of many other school subjects that include ecological issues.
In fact, the process of development of ecological awareness of individuals involves the issues
crucially important for protection of nature, further improvement and engineering of natural and
working environment and for the changed attitude
and behavior of humans towards nature and natural environment, based on the knowledge expected to foresee possible, human caused effects on
natural environment.
The term ecological awareness includes not only
the information about correlation and interdependence between nature and society, disturbance of
ecological balance, and the need to protect and improve natural environment, but also the readiness
of individuals to engage and give their own contribution in resolving the issues in this area.
The main elements (components) of ecological
awareness are: ecological knowledge (cognitive
component), survey and assessment of the current ecological situation (emotional component)
and individuals’ attitude towards natural and
working environment (conative component) [1].
The process of education pertaining to protection and improvement of natural and working environment (ecological education) involves both
the information on natural and social sciences as
key elements in resolving the issues in this area,
and also establishment and improvement of moral
principles and establishment of the new system
of values between man and nature, which can be
done exactly by increasing ecological awareness
of individuals. The part of the vocational schools’
curriculum incorporating the above mentioned
factors is an area of multidisciplinary character
which entails a multidisciplinary approach in
ecological education of pupils.
Raising ecological issues during educational
process certainly implies systematic and continuous research of ecological material, integrated intellectual and emotional activities of pupils durVolume 6 / Number 4 / 2011

ing the research of ecological material and mutual
interaction between global, regional, national and
local environment.
The information-technology support is an
important factor for development of ecological
awareness during education of pupils in vocational
schools. This support actually involves the use of
personal computers and corresponding program
support (software), as well as other informationtechnology and communication technologies within the teaching process in order to provide for faster,
more efficient and better quality knowledge as a prerequisite for development of ecological awareness
during education of pupils in vocational schools.
In order to increase and improve efficiency of the
learning process related to establishment of ecological awareness of pupils in vocational schools, it
is necessary to implement new educational models
with new educational technologies. This brings us
to the conclusion that it is essential to permanently
follow the latest developments in the informationtechnology and communication technologies area
and find out the best ways of their practical implementation in the teaching process.
Therefore, it comes as an imperative that new
information-technology and communication technologies should be put into practice in addition to
complete Internet infrastructure. In this process, the
solutions should be searched for not only in the areas of ecology but also in other sciences that greatly
influence process of establishment of ecological
awareness of pupils in vocational schools (psychology, sociology,…). This is due to the whole range
of disadvantages of traditional teaching, such as:
1. insufficient productivity and effectiveness
2. insufficient practical use of acquired
knowledge and skills
3. teaching and learning non-adjustable to
individual abilities of pupils and pupils’
insufficient learning motivation
4. receptivity of classical teaching with verbal
methods prevailing and
5. inability to monitor more efficiently the
process of knowledge assimilation
Thus, in this paper, the author wishes to prove
that the use of modern information-technology
and communication technologies (informationtechnology support) used for development of eco1189
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logical awareness of pupils in vocational schools
will undoubtedly increase the efficiency and quality of the teaching process and the learning process in general.
1.1 An overview of previous research on possible use of personal computers in ecology
teaching
Intensified research on the possible use of personal computers in the teaching process began in
the 60s of the 20th century, at a time when the third
generation of personal computers was introduced.
In that period, personal computers were exclusively used for the so called programmed teaching. However, such kind of teaching subsequently
began to loose its significance as it was being replaced by the personal computer simulation, providing a larger scope of options, especially in relation to creative thinking and pupils’ creativity [2].
The first important classification of the use of
personal computers in teaching was made by Kemmis who based his classification on thirty five projects and studies whose implementation involved the
use of personal computers in the language teaching.
According to Kemmis, the use of personal computers can be instructional, revelatory, conjectural, and
emancipatory. Instructional use of personal computers involves programmed teaching and learning,
and it offers exercises, corrections and assessments
of pupils’ work, explanations of mistakes and recommendations to pupils for additional exercises.
During this process, the pupil gets information from
the personal computer. During the revelatory use of
personal computers, the teaching material is slowly
being introduced through simulation or some other
kind of problem solving. During the conjectural use
of personal computers, the pupil is given an opportunity to explore and reveal new information. Exploring and revealing activities are non-structural
and non-sequential, without a beginning or an end.
During his work, the pupil as a user of the personal
computer, teaches the personal computer or creates
the program for solution of concrete problems, thus
his role is equalized with the one of a researcher
who acquires the knowledge through the research
and revealing process. Emancipatory use of personal computers is characterized by the use of a per1190

sonal computers as a tool (for example, writing and
text processing programs, table calculations, etc.),
which makes the pupil become a practitioner in his
work [3].
Personal computer simulation basically implies
the process of imitation (simulation) of certain
rules by use of personal computers. In the teaching
process, the personal computer simulation represents both the source and instrument in the transfer of information, and its didactic functions may
be different, i.e. exercises, motivation, etc [4].
The personal computer simulation provides special possibilities in the teaching program related to
protection and improvement of natural and working environment. Among other things, this is due
to the fact that teaching material in this field can
easily be mathematically modeled, where the simulation basis is represented by certain earlier selected
mathematical and/or formal-logical model based
on which the algorithm of simulation is made.
In view of the fact that protection and improvement of natural and working environment is an
area of multidisciplinary character and that a solution of a particular problem can only be found in
several scientific fields, when implementing the
teaching material by means of personal computers
(NPK) the pupils should in advance be informed
about ecological as well as all other aspects of the
problem. This can only be done by engagement of
teachers of different subjects (inter-subject correlation) which have the same parts as the personal
computer simulation. This is altogether in line with
the main principle that the issues in this area are to
be dealt with in a problem-oriented way [5].
N new possibilities for the use of personal computers were opened when in the 60s of the 20th century the Internet appeared as a global network of
mutually connected personal computer networks
all over the world, and particularly when the World
Wide Web was invented by Tim Berners Lee in
1989 in Switzerland. Namely, the links for review
of data and information saved on personal computers, being Internet connected, represent integral part
of the information-technology support to the teaching process, not only of ecology but of other school
subjects that include ecological issues as well.
Over the past few years, references are often
being made in literature to e-learning, which is actually a synonym for learning by use of personal
Volume 6 / Number 4 / 2011
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computers, which certainly implies learning by
use of the Internet (distance learning). E-learning
can be used both for teaching and doing homework. The so-called “on-line” learning, as an integral part of e-learning, is a kind of learning where
the entire communication between a pupil and educational institution is made through the Internet
[6]. All aforementioned elements constitute integral parts of the information technology support to
ecology education of pupils in vocational schools.
Neither the domestic nor the foreign literatures
have fully presented the possible use of information
technology support to ecological education of pupils, particularly at the level of vocational schools.
This very fact has encouraged the author of this paper to carry out a scientific research and to offer,
in his doctoral dissertation, an integral model of information technology support to ecology education
of pupils in vocational schools. The literature the
author used during his scientific research work represents only a good basis for devising such a model.
The author also used the experience of other authors who offered similar models not in ecological
field of education, but in other fields of education
(mathematics, physics, chemistry, foreign languages). Their experience was of significant importance
while working on the model of information-technology support to ecology education of pupils in
vocational schools.
2. Goal of the paper
The main goal of this paper is to point out a
statistically significant possibility of increasing an
overall level and quality of ecological education,
based on theoretical research and use of models
of information-technology support to education of
pupils in vocational schools.
Naturally, in addition to the main goal, there
are secondary goals, such as:
1. to obtain scientific information on the level
of influence of the information-technology
support to ecological education of pupils in
vocational schools regarding the quality and
quantity of acquired knowledge.
2. to obtain exact indicators and information
on time effectiveness due to the use
of information-technology support in
Volume 6 / Number 4 / 2011

ecological education of pupils in vocational
schools, as opposed to traditional teaching
3. to verify the level of influence of the
information-technology
support
to
ecological education of pupils in vocational
schools regarding the pupils’ increased
motivation during the teaching process
4. to establish the level of respect of the
model of information-technology support to
ecological education of pupils in vocational
schools regarding the whole range of pupils’
individual abilities.
3. Methods, techniques and instruments of
the research
In this paper, inductive and deductive methods,
the methods of analysis and synthesis, the method
of simulation, the method of compilation, and the
method of comparison were used.
The following main research techniques were
used:
1. analysis of literature
2. testing
3. observing
4. questionnaire
5. data processing.
Aimed at validity of the sampling, the activities
related to this scientific-research paper were based
on random selection of 30 classes of different education profiles in Vocational School Vukovar in
Vukovar, Republic of Croatia.
In addition to pupils, teachers and professional
associates, professional associates the research
also included the school pedagogue without whom
this research would not be complete.
The research was conducted through the following stages:
1. concept of the research project (drafting of
the research project, approval of the research
project, making a plan and protocol, testing
of software)
2. gathering of data (the data gathered
provided for examination of presented
hypothesis and
3. sorting and processing of data (statistical
processing of data, presentation of the research
1191
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results, summary of the most important
research results and final observations).
In this doctoral dissertation, IDA analysis (Initial Data Analysis), EDA analysis (Exporatory
Data Analysis) and synthesis methods for statistical data processing have been used.
The pupils were not familiarized in advance
with the research material. However, just prior
to the beginning of the research, the teachers and
professional associates were informed about the
goal and research procedure, as well as about the
gathering and sorting of data techniques. Following the testing, the pupils were given a possibility
to present in writing their opinion on validity of
the model of information-technology support to
ecology education in their school. Their remarks
and suggestions were of utmost importance for the
first revision of the model used in the research.
The research activities for this scientific paper were carried out during the academic years
2008/2009 and 2009/2010.
4. Results of conducted research
By the conducted research, the author of this
paper primarily wanted to prove that the used
model of information-technology support to ecological education of pupils in vocational schools
increases the efficiency of the teaching process in
general. The research procedure itself was very
complex and divided into several stages:
1. conducted analysis of vocational schools’
curriculum related to protection and
improvement of the natural and working
environment
2. conducted analysis of textbooks and other
specialized literature of vocational schools
related to protection and improvement of
natural and working environment and
3. conducted survey on efficiency of education
regarding the protection and improvement
of the natural and working environment
by traditional and information-technology
supported type of learning.
The research involved the curriculums for
four-year and three-year education profiles. As
1192

for the four-year education profiles, the research
included: agricultural technicians phyto pharmacists within the agriculture educational sector, nutritionist technicians within the nutrition sector,
hotel-tourist technicians and tourist-hotel business administrators within tourism and catering
educational sector. As for the three-year education
profiles, the research included waiters and cooks
within the catering and tourism educational sectors and hairdressers and beauticians within the
personal services educational sector.
Analysis of the curriculum of the above mentioned education profiles identified the school subjects that include ecological issues. We needed to
make such analysis in order to define how, when
and to which extent it is possible to use information-technology support in ecological education
of pupils in vocational schools. In the first group,
there are the subjects which, more or less, include
ecological issues. In the second group, there are
the school subjects that do not include ecological
issues and we deem that they should be there. In
the third group, there are the school subjects that
do not include ecological issues, and we deem that
they should not be there, which is why those subjects were not included in the analysis.
Information obtained by the conducted analysis have shown that, in the vocational schools’
curriculum, related to the above education profiles, the issues of ecological education of pupils
have been approached in a very serious manner.
This is to say that the issues of protection and improvement of natural and working environment
are not taught only in ecology teaching but also
in the teaching of many other school subjects that
include ecological issues (biology with hygiene
and ecology, ecological food processing, safety at
work, hygiene and sanitation, etc.). The author of
this paper used exactly those information in order
to make a model of information-technology support which will be used not only in the ecology
teaching but also in the teaching of all other school
subjects that include ecological issues.
As expected, analysis of textbooks and other
specialized literature in vocational schools regarding the issue of protection and improvement
of natural and working environment ahs confirmed that the teaching material in aforementioned textbooks and specialized literature are
Volume 6 / Number 4 / 2011
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in correlation with the curriculum. For example,
such textbooks are:
1. Matas, M., Simončić, V., Šobot, S.:
Protection of Environment Today for
Tomorrow - textbook for vocational schools.
Zagreb (2009)
2. Vrček, Lj.: Biology – Man and Environment,
volume C - textbook for vocational schools.
Zagreb (2009)
The analysis of teaching material in both textbooks shows that they fully correlate with the
analyzed curriculum in the fist and second grade
of vocational schools. The textbooks include presentations on: ecological framework of life; human’s devastating influence on nature; pollution
of natural resources; influence of polluted nature
on human’s health; alternative sources of energy
and waste and waste disposal issues.
They also include the term ecology, ecological factors, both biotic (interactivity between the
organisms of the same and different species) and
non-biotic (all kinds of influence of physical and
chemical nature on the living things). Furthermore, there is a detailed explanation regarding the
importance of photosynthesis for life on Earth,
the process of plants reducing the carbon monoxide and carbon dioxide from the atmosphere, at
the same time releasing oxygen and organic substance, circle of material in nature and the flow of
energy, and biogeochemical cycle as well as the
nutrition correlation in biocenosis
In one chapter, the textbooks refer to classification of biosphere ecosystem on Earth, and there are
rather detailed sections regarding disturbance of
ecosystems cased by anthropogenic pollution (air
pollution which includes acid rains, smog, and global warming, then the pollution of soil and water).
The very fact that the teaching material in the
analyzed textbooks is in complete correlation with
the curriculum has helped the author of this paper
to identify information-technology and communication technologies for the model of informationtechnology support to ecological education of pupils in vocational schools, which was used in the
conducted research.
The research results obtained by the analysis of
curriculum, as well as textbooks and specialized
literature regarding the protection and improveVolume 6 / Number 4 / 2011

ment of natural and working environment have
been used for conducting the survey on the efficiency of education on protection and improvement of natural and working environment by
traditional and information-technology supported type of learning. The survey had a very special significance since its results were crucial for
confirming the main hypothesis of this scientific
research paper that "the model of informat5iontechnology support to ecological education of pupils in vocational schools increases the efficiency
of the teaching process on the whole".
5. Discussion following results of the
conducted research
In order to prove that the model of informationtechnology support to ecological education of pupils in vocational schools increases an overall efficiency of the teaching process, that is, in order
to confirm the main hypothesis of this scientific
research we will use the data from Table 1 where
we have shown, in a synthetic way, the results of
surveyed pupils who gave answers to 20 questions
of objective type. The goal was to get their opinion
about advantages of information-technology supported learning of ecological material when compared with traditional teaching. We have accepted
only the correct answers.
The data in this table served us to calculate correlation of correct answers and their percentages
in traditional and information technology supported learning method.
∑Tr = Tr1 + Tr2 + ... + Tr20
∑Tr = 4119
∑Tr/20 = 205,95
∑Ip = Ip1 + Ip2 + ... + Ip20
∑Ip = 5968
∑Ip/20 = 298,40
∑Tr[%] = Tr1[%] + Tr2[%] + ... + Tr20[%]
∑Tr[%] = 1029,85
∑Tr[%]/20 = 51,49
∑Ip[%] = Ip1[%] + Ip2[%] + ... + Ip20[%]
∑Ip[%] = 5968
∑Ip[%]/20 = 74,60
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Table 1. Synthetic review of pupils’ correct answers obtained by traditional and information technology supported way of learning
Question
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
Question
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Tr
198
196
144
127
242
186
119
308
249
258
Tr
181
253
207
198
172
208
148
210
238
277

Ip
314
318
194
195
336
270
203
372
341
357
Ip
276
314
318
274
308
338
265
299
329
347

Tr [%]
49,50
49,00
36,00
31,75
60,50
46,50
29,75
77,00
62,35
64,50
Tr [%]
45,25
63,25
51,75
49,50
43,00
52,00
37,00
52,50
59,50
69,25

Ip [%]
78,50
79,50
48,50
48,75
84,00
67,50
50,75
93,00
85,25
89,25
Ip [%]
69,00
78,50
79,55
68,50
77,00
84,50
66,25
74,75
82,25
86,75

Comparative analysis of the data shows that
information technology supported way of learning is far more efficient than traditional one. Out
of 400 pupils included in the research, 206 pupils
(51,49%) responded correctly to questions using
the traditional learning style. The number is much
higher whet it comes to using the IT learning style.
298 pupils (74, 60%) answered the questions,
which brings us to the conclusion that IT learning
method is more efficient than the traditional one,
which also confirms the main hypothesis of this
scientific paper "that the used model of information technology support to ecological education of
pupils in vocational schools increases the overall
efficiency of the teaching process".
In Figure 1., where the correct answers obtained by traditional and information technology
supported learning method are graphically presented, we can clearly see that the information
technology supported learning method is far more
efficient than traditional ecological education.
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Figure 1. Graphical presentation of correct answers obtained by traditional and information
technology supported way of learning
5.1 Evaluation of research results
Considering the subject, issues, goals and objectives of this paper, it is possible to conclude
that it is related to a very current and practical issues of modernization, not only teaching ecology
and ecological education of pupils in vocational
school, but also education in general.
Modern information and communication technologies present in our everyday lives have inevitably become an integral part of modern education. With their appearance and use in teaching,
teaching itself becomes a subject to change. These
changes include not only changes and annexes
to the curriculum of certain subjects, including
ecology, but also a very different organization of
teaching process, the application of new teaching
aids and equipment and their corresponding methods, techniques and forms of work.
When it comes to scientific and social validity of the research conducted, it is to be noted that
(it is important to emphasize) these two need to
be divided and considered separately. Scientific
research aims at reaching new insights and knowledge about the research subject, which can significantly affect the changes in society. These changes
are often manifested in improved quality of life,
both of individuals and society in general.
Scientifically proven social problems greatly
improve further research in specific areas, including ecological education of pupils in vocational
schools. Information technology and communication technologies and their use for educational purposes have a significant role in the current world
Volume 6 / Number 4 / 2011
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education trends. In order to use these technologies
adequately in the teaching process, it is necessary
to define accurately how, when and to what extent
computers, software, Internet, etc. are to be used
within the school subjects of vocational school,
for the purpose of ecological education of pupils
in those schools, ie to offer a model of information
technology support likely to be used not only in
teaching ecology, but also teaching also in all other
school subjects that include ecological issues.
The research results obtained clearly indicate
that the situation regarding teaching ecology and
all other school subjects that include ecological
issues is very bad in terms of computerization
and use of modern educational technologies in
the ecological education of pupils in vocational
schools. Having in mind the current situation, the
author of the paper has tried to contribute to the
introduction of modern information technologies
in educational education of pupils in vocational
schools as well as to identify new areas open for
further research.
The scientific validity of the research is supported by the statistically processed data, obtained
by the survey of 400 pupils and 10 teachers and
teaching associates from Vocational school Vukovar, in the Republic of Croatia. The results of the
processed data indicate the current situation where
school equipment, computer equipment and information technology classroom are only occasionally
used as a multimedia classroom, in which the author of this paper had also carried out the experimental part of the research. In addition, through
conducted research we have learnt about the ways
of implementation of teaching ecology in terms of
traditional teaching methods and application of information technology support, as well as about the
reasons for insufficient use of information technology support in ecological education of pupils in
vocational schools. The surveyed teachers’ opinion
about the benefits of information technology supported ecology teaching is of a great importance.
When it comes to information technology support, teachers mostly use in their work: overhead
projector, computer, Internet and LCD projector,
but do not teach ecology in the multimedia classroom, but rather in the classical classroom. The
biggest problem they are facing in their work is the
lack of ecology educational software. Of course, it
Volume 6 / Number 4 / 2011

is necessary to take into account other factors such
as inadequate training for the use of information
technology support, lack of access to information
technology classrooms, etc.
Research results concerning the application of
educational software by the author of this paper are
encouraging, because all the teachers surveyed deem
that such teaching model can significantly contribute to the improvement of ecological education of
pupils in vocational schools and to the increase of
the overall efficiency of the teaching process.
All surveyed teachers and professional associates agree that the use of computers and other information technologies improves ecological education of pupils in vocational schools. As much as
70% of surveyed teachers believe that the model
of information technology support to ecological
education of pupils, used in this research, contributes to the efficiency of the teaching process. They
have emphasized the main advantages as follows:
–– Increased motivation of students in the
teaching process (80% of respondents)
–– reduced learning time (60% of respondents)
–– greater degree of memorizing of the learning
material (70% of respondents)
–– respect for wider range of individual
abilities and work pace of pupils (50% of
respondents) and
–– possibility to measure the degree of
mastering the learning material and evaluate
the results obtained (80% of respondents).
Taking into account the influence of information technology on transformation speed of work
and life and functioning of society as a whole, not
just in the world, but in our country as well, the
research proves its “social justification”. Improvement and computerization of education, as a social
subsystem, is a precondition for general progress
of society. Therefore, the results obtained will
surely give, at least, a little contribution to modernization of the education process in future.
Improvement and computerization of education
at present has a direct impact on the development
of society and its position in a global world order.
Therefore, this paper represents only a small contribution to the improvement and computerization
of the ecological education of pupils in vocational
schools, as one of the subsystems of education.
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Using information technology support in
teaching ecology, but also in the teaching of other
school subjects that include ecological issues require the teachers to have computer skills, because
only those teachers can successfully use modern
information and communication technology in
teaching. Unlike our, one could say, rather bad experiences in the application of these technologies
in teaching ecology, foreign countries experiences
are quite different, because for them it's already
become a long tradition practice of several decades. Therefore, we have indicated in this paper
only general, initial instructions for computerization and worked out a global model of information technology support to ecological education of
pupils in vocational schools.
Scientific and social justification of this paper
certainly indicates possible further theoretical and
practical research in the field of ecological education of pupils in vocational schools, by the application of modern information and communication
technologies in teaching, with the purpose of improving the teaching process.
6. Conclusion
Significant influence on the development of
education through the history of mankind is due
to technological breakthroughs that can be applied
in the teaching process and thus make it more efficient. Beginning of the 21st century was marked
by the application use of modern information
technology and communication technologies, due
to which traditional teaching is gradually losing its
original meaning.
In this way, ecology teaching, and also some
other all school subjects that include ecological
issues become part of interdisciplinary teaching,
respecting the principles of complex, problem
related and multidisciplinary interaction on the
model of intersubject teaching, becomes an indispensable factor in modern ecological education of
pupils in vocational schools.
The main problem which was the subject of the
research conducted within the framework of this
paper is related the role of information technology support in the ecological education of young
people, ie proving whether the used model of in1196

formation technology support for ecological education of students in vocational schools increases
the overall efficiency of the teaching process.
The objectives and tasks of the research were
reached through scientific knowledge about the
quality and quantity of the level of traditional and information technology and communication technologies for educational purposes, the level of training of
teachers for the use of modern educational technologies in teaching ecology and establishment of the
model of information technology support for ecological education of students in vocational schools.
The general hypothesis of this scientific research
"that the used model of information technology
support for ecological education of students in vocational schools increases the overall efficiency of
the teaching process", has also been confirmed.
Taking into consideration the fact that the
teaching of ecology, and other ecology teaching
subjects, in the information technology environment becomes interdisciplinary, it is necessary
that the teachers also, when compared to traditional teaching, must make additional efforts in order
to be able to use these technologies.
When the Internet appeared as a global network
of personal computers, it became a medium of global communication and almost unlimited resource of
teaching material for all subjects, including ecology. The use of these resources in the ecological
education of students in vocational schools depends
greatly on the ability of teachers to properly evaluate both educational software available and the authentic teaching material of ecology in accordance
with the objectives and tasks of the curriculum.
Under the circumstances of modern social development, teaching staff represent a source of
economic power. In developed countries, education is the most profitable profession, but it requires permanent training regarding methods,
learning tools and the learning procedures.
Personal computer and modern information
technology and communication technologies that
significantly influence the increase of the efficiency of the educational process, including ecological
education of students in vocational schools, play a
significant role in this process.
In the experimental part of this research a model
of interactive multimedia textbook of ecology was
used. It was developed by the author of this paper
Volume 6 / Number 4 / 2011
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combining a textbook of Biology for students of
first and second grade [7], in which ecological issues are included with some personal notes and records of teachers of biology, and designed experiments, carried out in school laboratory and outside
in the nature and video and audio files (Figure 2.).

Figure 4. Screen with the incorrect answer - go
back to the textbook

Figure 2. The figure of main screen
The special quality of the textbook was added by characteristics of interactivity through the
module "knowledge test", by which the surveyed
pupils performed self-testing, with a possibility of
return to unclear parts of the learning material, as
well as the views of individual and total number of
points (Figure 3).

Figure 5. Screen with the correct answer - go to
the next question

Figure 6. Screen with the results of knowledge
test

Figure 3. Screen with questions
Volume 6 / Number 4 / 2011

Prevailing opinion among the majority of the
pupils surveyed is that this form of learning the
teaching material is much more efficient than the
traditional way of learning.
1197

technics technologies education management

The testing and measurement of the relevant
parameters that influence the effectiveness of this
learning style were carried out within the research.
Measurement of relevant parameters and analysis
of the results were published using the standard
statistical methods.
The most important scientific contribution of
this research is a formal specification of a set of
educational methods and information technology
and communication technologies methods aimed at
providing support to traditional education, as well
as evidence of better quantitative and qualitative
results in mastering the teaching material in information technology supported ecology teaching and
other subjects that include ecological issues.
Original contributions of scientific research are:
1. over-view of methodological procedures of
traditional process of ecological education
of students in vocational schools, in order to
develop an appropriate model of information
technology support
2. selection of representative tasks among
certain teaching units and introduction of
"knowledge test" to the module, by which
the pupils surveyed carried out self-testing,
with the possibility of both return to unclear
part of the learning material, andveiwing of
individual and total number of points.
3. implementation of models of interactive
textbook of ecology in a concrete situation
involving the pupils of Vocational
school Vukovar, and presentation of the
implementation results.
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Abstract
This study is explored views about usage level of education technologies of teachers at electronic and computer department of technical high
school. In this descriptive study, data are collected
using “Eğitim Yöneticileri ve Öğretmenleri bilim teknolojilerinin ve bileşim teknolojilerinden
yararlanmalarını engelleyen nedenler” scale that is
developed by Mehmet Durdu Karslı et al. (2002).
Research universe is teachers at Electronic and
Computer Departments at 2009-2010 education semester. Research sample is 39 teachers at 6 schools
that are selected according to simple casual sampling method in Istanbul, Turkey. Frequency, percentage, t test, Krukal Wallis and Anova statistical method are used for data analysis. Difference
between being able to technology use levels of
teachers at Electronic Computer Department who
participated to the research are seen according to
variables such as sexuality, revenue of family, department, duty duration. However views about ability of being able to technology use are offered.
Key Words: Education Technology, Attitude
about Education Technology Usage.
Introduction
Technology is mostly perceived as products that
include scientific information and technique at very
Volume 6 / Number 4 / 2011

high quality with its connotation in nowadays. In
daily language, in spite of it is like this at written and
visual press, technology is an area which encloses
all social and economic activities and organizations
which stipulate realization of technical knowledge.
As optimistic definition, technology is application
of scientific principles and newness for solution of
problems. In other words, technology is application of science. Computers, robots and satellites are
seen as result of science application for solution of
problems (Goetsch, 1984, s.192).
Training of administrator and teachers who will
play primary role for application of new technologies as adopting is important as equipping of education institutes with technological facilities. Introducing members who will perform application
of technology with only technology is not enough.
Also biringing of teaching activities control skills
using technology and new teaching techniques is
required (Percival ve Ellington, 1988).
Continuous technology education is necessary
for teacher to get information about technology usage. This duration can be followed at two stages:
–– Education before service
–– Education in service
In education before service, used education approaches and technologies at courses in faculties
that make ready teachers to occupation are formed
a model for teacher candidates with courses about
technology usage (Lambdin, 1997; Parker, 1997).
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In Akpınar (2003)’s study, he contacted 510
teachers and explored teachers’ levels about usage
of New Information Technologies. According to this;
–– There is a meaningful difference between
teachers who graduated from different
universities for computer usage levels of
at works that are education that are out of
education activities.
–– There is a meaningful difference between
teachers
graduated
from
different
universities for technological possibilities
directly usage levels at education activities.
–– There is not a meaningful difference
between teachers who completed their
high education at different regions for
technological possibilities directly usage
levels at education activities.
–– There is not a meaningful difference
between teachers who have different
perception levels from view point of
occupational development at trainee
teacher period to entering occupation for
technological possibilities directly usage
levels at education activities.
–– There is a meaningful difference between
teachers who completed their high education
at different regions for internet sources
usage levels in/out of classroom activities.
According to Karamustafaoğlu (2006)’s study
which done in Amasya village; there is not a
meaningful difference between male and female
teachers for their various education material usage levels, but there is a meaningful difference between teachers graduated from education faculties
and graduated from other universities and high
school; also this meaningful difference is positive
for teachers graduated education faculties. Also
the study showed that teachers’ occupational experiences don’t affect their material usage levels.
When effects of teachers’ attitudes and behaviors on students are thought, necessity of definition of qualities which must be found at an effective teacher come into question can be said.
If literature observed, it is showed that some researchers such as (Çakmak, 2001): Clemson and
Craft (1981), Stanton (1985), Berliner (1987),
Richardson and Stopp (1987), Kutnick and Jules
(1993) studied on characteristics and sufficiencies
1200

which must be at an effective teacher. In spite of
some differences of these studies, results can be
determined as following:
–– Hard academic sufficiency and area information
–– Replacement and development by self as
occupational
–– Being able to use new education technicals and
sources
–– Being able to incite student for learning
–– Being able to develop effective education
strategy for topic
–– Being able to apply developed/selected
education strategy as effective
–– Evaluation
–– Being able to follow students’ performances
–– Being able to contact with students as good and
have effective communication skills
–– Being reliable, clear and consistent.
As different from other researchers, according to
Berliner (1987) success is foreground; he claimed
that only teachers’ who have a standard achievement in their classroom are effective teachers.
Method
Research model in this study is obtained data
from questionnaire applied to enquetees. Also scientific data collected from literature search is used.
Research universe in this study are teachers at Electronic and Computer Department of Technical High
Schools. Research sample in this study are teachers at 6 Technical High School in Istanbul, Turkey.
Data collection tools are given questionnaire to the
teachers and 39 of these found appropriate for evaluation. Answers of applied questionnaire are introduced to Microsoft Excel program. Then this data
is introduced SPSS statistical analysis program and
evaluated. Frequency and percentage calculations
are evaluated for data analysis.
Analyze
Teachers’ views about being able to use education technologies, informatics technologies, internet
and encountered difficulties for use technologies are
analyzed according to sexuality variable by Mann
Whitney-U test and results are given in Table 1.
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As seen in Table 1 encountered difficulties for use
education technologies are formed a meaningful difference according to sexuality (U=39,000; p<0,05).
As seen from mean rank, female teachers specified
more handicaps according to male teachers.
Teachers’ sufficiencies at education technologies usage are formed meaningful difference according to their departments, (U=39,500; p<0,05),
as shown in Table 2. When mean rank considered,
teachers at Computer department saw themselves
as more sufficient at education technologies usage.
As shown in Table 3, informatics technologies
usage is formed meaningful difference according
to department variable (U=99,000; p<0,05). When
mean rank considered teachers at Computer department saw them as more sufficient at informatics technologies usage.
As shown in Table 4, internet usage is formed
a meaningful difference according to department

variable (U=100,500; p<0,05). When mean rank
considered, teachers at Computer department saw
themselves as more sufficient at internet usage.
As result of Mann Whitney Test, when mean
rank considered, teachers at Europe side can
use informatics technologies more sufficiency
than teachers at Anatolia side, as seen at Table 5
(U=119,500; p<0,05).
*** A meaningful result didn’t obtain between
school age and education technologies usage from
Kruskal-Wallis Test.
*** A meaningful result didn’t obtain between
teachers’ course hours weekly and sufficiency for
education technologies usage from Kruskal-Wallis Test.
*** Data about teachers’ working duration at
profession are analyzed Kruskal-Wallis Test and
results showed that working duration hasn’t meaningful effect on Education Technologies usage.

Table 1. The views about encountered difficulties for use Education Technologies according to sexuality
variable
Sexuality
Female
Male
Total

N
6
33
39

Mean Rank
30.00
18.18

Sum of Ranks
180.00
600.00

U
39.000

p
0,01

Table 2. Relation between Teachers’ Department and Sufficiency of Technology Usage
Department
Electronic
Computer
Total

N
18
21
39

Mean Rank
11.69
27.12

Sum of Ranks
210.50
569.50

U
39.500

p
0,01

Table 3. Relation between Teachers’ Department and Sufficiency at Informatics Technologies Usage
Department
Electronic
Computer
Total

N
18
21
39

Mean Rank
15.00
24.29

Sum of Ranks
270.00
510.00

U
99.000

p
0,01

Table 4. Relation between Teachers’ Department and Sufficiency at Internet Usage
Department
Electronic
Computer
Total

N
18
21
39

Mean Rank
15.08
24.21

Sum of Ranks
271.50
508.50

U
100.500

p
0,01

Table 5. Relation between location of Teachers’ schools and Sufficiency Informatics Technologies Usage
Location
Anatolia
Europe
Total

N
20
19
39
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Mean Rank
16.45
23.74

Sum of Ranks
329.00
451.00

U
119.500

p
0,04
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Conclusions
In this study, given questionnaire to teachers
consist of four sections. Obtained results making
frequency distribution of given answers are presented in this section.
Teachers’ Sufficiency for Education Technologies Usage
According to obtained data from this study; the
most positive answers of teachers to dependent
variables (expressions) were found
(X=4,00 at “Sufficient” level) for “I have basic
sufficiency such as switch on/off computer” expression,
(X=3,97 at “Sufficient” level) for “I can open/
close desired files at computer” expression,
(X=3,97 at “Sufficient” level) for “I can save
texts” expression and
(X=3,97 at “Sufficient” level) for “I can use
CD/DVD as opening them” expression.
The most negative answers of teachers who
participated to questionnaire to dependent variables (expressions) were found;
(X=2,44 at “Insufficient” level) for “I can use
Education-Statistics programs (SPSS etc.)” expression,
(X=2,87 at “Insufficient” level) for “I can use
computer programming languages (Pascal, Java,
C#, Delphi etc.)” expression,
(X=3,08 at “Partially sufficient” level) for “I
can use Access (forming data base) program” expression and
(X=3,08 at “Partially sufficient” level) for “I
have enough time for research technology” expression.
Teachers’ Sufficiency for Informatics Technologies Usage
According to obtained data from this study; the
most positive answers of teachers to dependent
variables (expressions) were found;
(X=3,95 at “Sufficient” level) for “I think that
printer usage is necessary” expression,
(X=3,95 at “Sufficient” level) for “I can use
printer” expression and
(X=3,85 at “Sufficient” level) for “I think that
projection apparatus usage is necessary” expression.
1202

The most negative answers of teachers who
participated to questionnaire to dependent variables (expressions) were found;
(X=2,10 at “Insufficient” level) for “I think that
overhead projector usage is necessary” expression,
(X=2,44 at “Insufficient” level) for “I think that
usage of teleconference system is necessary” expression and
(X=2,59 at “Insufficient” level) for “I can use
teleconference system” expression.
Teachers’ Sufficiency for Internet Usage
According to obtained data from this study; the
most positive answers of teachers to dependent
variables (expressions) were found;
(X=3,85 at “Sufficient” level) for “Download
file” expression,
(X=3,85 at “Sufficient” level) for “Utilization
from search engines” expression and
(X=3,82 at “Sufficient” level) for “Receive and
send mail” expression.
The most negative answers of teachers who
participated to questionnaire to dependent variables (expressions) were found;
(X=1,46 at “Insufficient” level) for “Watching
sites about sexual issues” expression,
(X=2,33 at “Insufficient” level) for “Participation to distance education courses (foreign language etc.) and
(X=2,64 at “Partially sufficient” level) for
“Playing game” expression.
Teachers’ evaluations regarding difficulties
at education technologies usage
According to obtained data from this study; the
most positive answers of teachers to dependent
variables (expressions) were found;
(X=3,08 at “Sufficient” level) for “Economic
impossibilities” expression,
(X=2,44 at “Disagreed” level) for “Not suit social environment” expression and
(X=3,82 at “Strongly agreed” level) for “Intensity
of my works that is non-occupational” expression.
The most negative answers of teachers who
participated to questionnaire to dependent variables (expressions) were found;
(X=1,41 at “Strongly disagreed” level) for “School
administration don’t allow use computer” expression,
Volume 6 / Number 4 / 2011
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(X=1,59 at “Strongly disagreed” level) for
“There isn’t computer course our environment”
expression and
(X=1,72 at “Strongly disagreed” level) for
“Computer course isn’t opened at school” expression.
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Abstract
The paper is aimed at defining the fundamental marketing terms (presented in the first section
of the paper: basics of small business marketing)
and, on a sample of thirty small business based
in Bosnia and Herzegovina and Republic of Croatia, at empirically researching the degree of the
use of marketing in these businesses (presented in
the second section of the paper: summary of the
report on empirical research). The business owners were interviewed based on a questionnaire that
consisted of twelve thematic units, each of which
was subdivided into a few headwords. In summary, over a half of respondents (33 or 55.0%) knows
nothing and do not use marketing in their business,
16 of them (or 26.7%) knows a lot about them and
applies marketing in their companies, while 11 (or
18.3%) hardly got passing grades.
Key words: marketing, small business, product,
price, distribution, promotion, use of marketing.
1. Basics of small business marketing
Marketing can be defined as a contemporary
business philosophy, concept, system and function
which is focused on consumers, study their needs
and offer them, in the market, products, commodities or services that will appropriately meet their
expectations in terms of quantity, quality, range,
as well as usability, technical esthetic and other
features, all at a given site, at the desired time and
at competitive prices (Kuvačić, 2005, 299). It is
a specific business strategy, tactics and policy directed towards satisfying consumer needs occurring, in a target market as manifest paying or potentially possible demand.
Marketing is not only a business selling concept, it is not only improved selling, not only ef1204

fective promotion or successful presentation,
demonstration, professional offering or something
similar. It is all this and much more: it is a business
philosophy focused on the consumer. Application
of marketing concept allows small entrepreneurs
to act in the market with considerably reduced
risk, since they monitor and research market, select a suitable market strategy, plan their entry
and directly supervise market effects of their entrepreneurial efforts. Entrepreneurs acting in this
way should not expect bigger surprises; their risks
decrease and profit successes seem highly likely.
We will proceed by defining fundamental marketing concepts, with a particular focus on marketing
application in small businesses.
Marketing philosophy. It refers to an entrepreneur’s view on or attitude toward the environment based on the notions of needs, demand and
consumption, as well as product mix and other
marketing elements (Dostić, 1996, 71). These can
be explained and illustrated by means of a circular
scheme: needs – desires – demand – product – exchange – transactions – market – need (Kotler and
Armstrong, 1989, 6). Marketing philosophy is a
specific form of abstract conception and practical
approach to the implementation of marketing as a
modern business system, concept and function at
a macro and micro level.
Marketing concept. Marketing concept is
based on the marketing philosophy, and refers to an
active market or marketing approach according to
which consumers and customers, i.e. their individual and social needs are placed in the focus of entrepreneurs’ activity. It is a way of entrepreneurs’ business thinking based on the knowledge of their role
in economy and society, which reveals the degree
of their market focus on satisfying needs (personal
production and public consumption), and achieving
profit by rational use of available resources. According to marketing concept, the key of reaching
Volume 6 / Number 4 / 2011
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goals consists of defining target market needs and
desires and – compared to competition – in a more
successful and efficient transfer of the desired satisfaction (Kotler, 1994, 19-20).
Marketing system. Mutual links between the
marketing function, company and consumers, and
their environment make up the marketing system,
which is based on business orientation toward the
consumer by means of applying modern scientific
planning methods (marketing program), rational
use of (human, material and financial) resources
by long-term planning, and respecting the business conditions generally beyond the company’s
control (the so-called economic, social, technical,
technological and legal environment).
Marketing function. It is one of an entrepreneur’s functions that takes care of the sales of
products, commodities or services, i.e. satisfaction
of consumer needs and continuous profit. Its effectiveness is determined by the degree of development and organization of marketing planning,
market monitoring and research, market information system, new product introduction and development, tracking and determining of prices, purchasing and selling distribution, promotion (communication with the market), etc.
Marketing strategy and tactic. Marketing
strategy is an entrepreneurship strategy component, and refers to the selected directions of action
on reaching marketing goals in accordance with
market opportunities and available resources. It
points to the best ways of reaching them and thus
allows a rational and efficient combination of marketing instruments. On the other hand, marketing
tactic is the selected way or combination of actions
and resources in carrying out the marketing strategy. Strategy requires a complex consideration of
situation and planning, while tactic is focused on
individual decisions pertaining to individual marketing instruments as parts of the system. When
strategy is well conceived, it is relatively easy to
make tactical decisions, with the focus on marketing goals of the entrepreneur’s activity.
Marketing policy. It is a component of the entrepreneur’s overall business policy that includes
planned definition of principles, views and criteria
that direct decisions and actions within marketing
activities, aimed at reaching the planned goals in
line with the entrepreneur’s marketing strategy
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and marketing tactic. Marketing policy is exercised by means of actual and continuous operational marketing activities, and within the defined
policy principles.
Marketing planning. Implementation of marketing policy necessarily requires planning, the
more so since marketing implies the company’s
focus on long-term goals. The purpose of any, including marketing planning is the reduction of risk
aimed at the shaping and implementing marketing
strategy as the fundamental idea. Planning defines
the company’s future behavior and juxtaposes resources with goals. The significance of marketing
planning is manifested in the fact that it prompts
thinking about the future, allows coordination of
efforts to reach the goals, provides the basis for
defining criteria for business control, affects finding of the most effective directions of development, and creates pre-requisites for more efficient
dealing with unexpected events.
Accordingly, marketing plan must be a written document that quantitatively and qualitatively
defines the content and timeframe of marketing
management jobs and tasks on reaching the entrepreneur’s marketing goals for a given planning
period. It should be pointed out that marketing
plan is only part of the company’s overall business plan and has to be consistent with the latter.
However, in market economies, in companies that
have adopted marketing concept, marketing plan
is the fundamental plan that determines all the
other plans (those of production, finance, human
resources, etc.), since it is assumed that the company’s overall activity is market oriented.
Marketing instruments. As was already
noted, marketing is a contemporary and specific
approach to business aimed at the most successful satisfaction of customer and consumer needs
and gaining profit. In market-oriented companies,
business decisions are made based not on production but rather sales capabilities. The basis of decision-making includes market data flowing into the
marketing information system from various internal and external sources and research procedures,
where they are processed and transformed into information necessary for market-founded strategic,
tactical or operational decision making.
In general, it can be claimed that marketing takes
care of decisions in almost all business areas (mar1205
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ket monitoring and research, products or services,
prices, selling and purchasing channels, physical
distribution and promotion, as well as all the forms
of market communication). Marketing theory typically deals with all these areas (except for market
monitoring and research, and market information
system as special marketing functions) as four fundamental marketing factors or instruments. AngloSaxon literature has named them the 4P concept,
based on the initial words of individual components
(product, price, place and promotion).
At present, marketing theory expands the 4P
concept with two more components (2P), as follows: 1. power, mostly political power, and 2. public relations, which Kotler calls mega-marketing
(Kotler, 1986, 117-118). There are also references
of the so-called new 4P concept, i.e. 1. product,
2. people, 3. process, and 4. progress (). Borden
(Borden, 1971, 378) lists twelve components as
marketing instruments (product planning, price,
brand policy, distribution channels, economic
advertising, personal sales, sales improvement,
packaging, display, servicing policy, product handling and marketing information), while McCarthy (McCarthy, 1981, 44) speaks of four controlled
variables (product, place, promotion and price).
Marketing mix and program. A purposeful
combination of marketing instruments in each actual case makes up a marketing mix, which then
becomes an actual expression of the company’s
overall policy. A systematically defined marketing
mix, i.e. the selection, structure and manner of allocating marketing activities and marketing resources
for the purpose of reaching the planned marketing
goals of the entrepreneurial activity is called the
marketing program. The selection and combination of marketing instruments in the form of mix
is completely arbitrary. The value of an individual
combination is abstract, rather than operational, and
the mix operationalization implies the development
of marketing program, which is the entrepreneur’s
most important practical marketing task.
Thus, marketing program is a list and description of all the activities focused on the most efficient presentation and sales of a given product,
commodities or service in the target market, and
creation of the most favorable company image in
the consumer and another (internal or external)
public in a given planning period. A good market1206

ing program allows a high-quality product, commodities or service with a competitive price to
be found at the right place, right time and in the
needed quantity, all in accordance with relevant
determinants of paying demand, i.e. customers’
and/or consumers’ demands in the target market.
Marketing postulates. Marketing is based on
the knowledge of the market by means of its regular
monitoring and research. Market research should
answer the questions as to what consumers want,
demand, and what they think. With respect of doing business based on marketing concept, Dostić
believes that entrepreneurs must answer four fundamental questions, as follows: what products and
services will be offered in the market, what are
their market opportunities, how and where to find
first suppliers, and how will the price be formed
(Dostić, 1996, 50). In general, all variants of market adjustment strategies are typically based on
marketing considerations of entrepreneurship, i.e.
on fundamental marketing postulates pertaining to
when (and why) consumers buy a product (commodities) or service (Kuvačić, 2005, 308):
–– When they satisfy their needs in a quality
way, i.e. when they represent the desired
use value in terms of quality, functioning,
design and other features;
–– When their prices are in line with consumers’
notions of their use value;
–– When they are offered in a transparent,
i.e. proper and timely manner, at places
accessible to them;
–– When they have sufficient information
mediated through various forms and media
of their promotion.
Thus, consumers buy a product or service that is
offered in line with all the relevant demand determinants in the target market (quantity, quality, time,
place, price and other features). Starting from the
fundamental marketing postulates, entrepreneurs
in small start-ups or established small businesses
would have to know answers to many immanent
market questions and take actual activities pertaining to efficient market entry, as follows (Kuvačić,
2005, 308): What, who for, how much, when (and
for how long), how and where to produce, sell,
serve, as what prices to sell, by which channels to
distribute, how to communicate with the market,
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when, how and why to make changes, and where
(who from, when and how) to purchase?
Small entrepreneurs do not need to diversify
the marketing function, so they integrate all the
activities in the same organizational unit, or just
one or a small number of people perform all marketing activities, the more so since there is no need
for some activities t be conceived and performed
within the company (particularly market research,
product or service development, and some promotional activities), but are rather delegated to
professional agencies or marketing experts. Still,
the marketing spirit and philosophy must reign in
a small business as well, and the goal must not
be fast gaining of profit, which may occur sometimes, but is certainly very short lived.
Marketing-oriented small entrepreneurs cannot
afford such a luxury; they rather apply marketing
principles in their business, define marketing goals
and tasks, set up marketing organization and develop an original marketing mix and program. Naturally, they cannot know all these, and they therefore check their ideas with experts and in practice.
It is only in this way that one can be adjusted to the
market fast and be a step ahead of the competition.
Besides, small entrepreneurs must know all the
steps of the market entry and their sequence, as follows: market research, market segmentation, identification of target market segment, relations with
competitors, selection of range, selection of sales
channel, pricing, developing promotion and public
relations (Dostić, 1996, 74-76).
Allred brothers list 275 power tools for small
family business survival, success and succession.
They classified these tools into six groups of determinants (family determinants, marketing determinants, management determinants, accounting
determinants, protection – insurance determinants, and production determinants) and presented
a number of rules within each group assigning a
degree of significance to each of them (1 = significant determinant, 2 = very significant determinant,
and 3 = key – decisive determinant). Their marketing rules are extremely instructive for small entrepreneurs, and we will therefore list only the key
marketing determinants (rated 3) for a small family business in the form of adjusted reminder, in
the alphabetical order (Allred and Russell, 1997,
33-71):
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–– Prices are adjusted to market opportunities;
–– Management defines the company image;
–– Management has permanent contacts with
customers;
–– Management is focused on quality;
–– Phone is answered in a fast and determined
way;
–– Advertising is focused on the target market;
–– Sales goals are set for at least a year;
–– Sales plans are controlled monthly;
–– Sales force is friendly, professional, helpful
and well-behaved;
–– Sales force permanently listens to client
needs;
–– Promotion media are suited to the company’s
product or service;
–– New markets for the existing products are
being found on a regular basis;
–– All contacts are kind and friendly;
–– The company has a written marketing plan,
and
–– The company is accessible to its customers.
2.   Summary of report on the empirical research
2.1. Sample and rating
The knowledge of the use of marketing in
small businesses is mostly drawn from various
secondary sources, while there are comparatively
few empirical studies that would provide evidence
for theoretical treatises and hypotheses. We have
therefore conducted a comparative empirical research into the degree of practical use of marketing in small businesses in the Republic of Croatia
(RH) and Bosnia and Herzegovina (BiH), as well
as into the degree of company owners’ marketing
knowledge (Jakić, 2010, 166-184). Respecting the
advantages and disadvantages of individual methods of primary data collection (Tihi, 2007, 139190), the research used the interview method, or
more precisely a distinctive combination of structured and non-structured personal communication.
Since specifically educated interviewers (thirdyear students of Faculty of Economics with best
grades in marketing) personally communicated
with each respondent in the sample, a distinctive
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combination of questionnaire and reminder was
used as a tool for data collection.
We originally concentrated on small entrepreneurs in Bosnia and Herzegovina. However,
regardless of the quality of the snapshot, it is not
possible to rate or conclude anything if it is not
compared with desirable or sought conditions, or
with conditions in a similar country or region, and
we therefore created a comparable sample of small
businesses in the Republic of Croatia. The sample
of businesses for Bosnia and Herzegovina was selected in the Central Bosnia Canton, and that for
the Republic of Croatia – in the County of Split
and Dalmatia. Since it is an intentional sample
based on probability, we attempted to achieve the
maximum comparability by targeting some structural features of both samples, as follows:
–– Both samples include 30 companies –
respondents;
–– The companies have 2-10 permanent
employees;
–– The companies are organized as crafts;
–– In 10% cases, the companies are owned by
women;
–– Ten companies in each sample are involved
in a manufacturing craft;
–– Ten companies in each sample are involved
in a service craft;
–– Ten companies are involved in a trading
craft; and
–– Each company is established in the market
(for at least three years).
As was already mentioned, personal interviews
were conducted with the selected companies’ owners, based on a specially developed questionnaire/
reminder consisting of twelve topical units, each
of which was divided into a few determinants.
The respondents were first made familiar with the
meaning of each determinant, upon which their
knowledge of individual marketing aspects, as
well as the degree of the knowledge application
in their respective companies’ business was examined and rated. The following topical units were
examined and rated:
1. Data on the company, employees and
entrepreneur;
2. Entrepreneur’s
suitability
and
entrepreneurial ideas;
1208

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Product, commodities, service;
Sales markets;
Competition and competitiveness;
Market share;
Prices;
Pricing method;
Sales distribution;
Purchasing distribution;
Promotion; and
Dynamic projections (plans).

The degree of respondents’ marketing knowledge and the degree of practical application of the
offered determinants were rated, i.e. ranked on a
three-degree scale, as follows: 1. rating ‘highly
satisfactory’ (+) denotes cases when the respondent has a sound knowledge of the marketing
meaning of the rated determinant and applies it in
his/her company; 2. rating ‘highly unsatisfactory’
(-) was given to respondents who know nothing
of the marketing meaning of the rated determinant, nor apply anything of it in their respective
company; and, finally, 3. rating ‘partly (un)satisfactory’ (~) was given to respondents who have
only superficial, or insufficient knowledge of the
marketing meaning of the rated determinant and
only partly and/or occasionally apply it in their respective companies.
2.2. Research results
Taking into account theoretical knowledge of
the research methodology in terms of primary data
collection, the insufficiently representative sample,
possibly rating subjectivity, and the used statistical-analytical methodology, our research can be
described as probing or scouting, which is a good
basis for conducting a similar research on the same
topic, on a representative sample of small businesses. Therefore, we will now present comparative
(BiH and RH) conclusions on the individual topical
units in a statistic and descriptive way.
1. Data on the company, employees and
entrepreneur. Within this unit, data on the company’s activity, and the respondent’s gender, age
and education were collected. Since the first two
groups of data were targeted, only the conclusion
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on the formal education structure of the respondents needs to be presented. The overall ranking
is identical to those at the level of 30 BiH and 30
RH companies, with the differences in all education groups, particularly in the higher-education
one (BiH companies 16.67%, RH companies
10.00%), in the high-school group (BiH companies 50.00%, RH companies 43.33%), and in the
highly-skilled group (BiH companies 23.33%, RH
companies 30.00%).
2. Entrepreneur’s suitability and ideas. An
entrepreneur’s suitability is typically rated by
the insight into his references, as a set of material assumptions, his inborn aptitude and acquired
knowledge and skills. Consequently, we rated our
respondents according to eight determinants of
entrepreneurial suitability (previous career and
life experience, previous entrepreneurial experience, identification of entrepreneur’s desires and
goals, identification of strengths and weaknesses,
suitability of formal education, quality of informal
education, family origins and tradition, and personal and family assets), and according to three
determinants of the suitability of entrepreneurial
idea (criteria for the selection of entrepreneurial
idea, identification of original authors of the idea,
and rating of the market originality of the idea),
and based on the summary data we drew the following conclusions:
–– Regardless of minor differences in
individual determinants of respondents’
entrepreneurial suitability, we found
identical relative share of highly satisfactory
(43.3%), highly unsatisfactory (22.3%) and
partly (un)satisfactory (33.3%) ratings, at
all three statistical-analytical levels (BiH
companies, RH companies and total).
–– In terms of entrepreneurial idea, we
found noticeable differences in individual
determinants at all the three levels. Viewed
at the total level, the highly unsatisfactory
rating has the highest share (55.0%),
followed by highly satisfactory (25.0%) and
partly (un)satisfactory one (20.0%).
–– Comparison between BiH and RH
companies shows that entrepreneurs from
RH companies have advantages in all the
three groups of ratings (highly satisfies –
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26.7% versus 23.3%; highly non-satisfies
– 50.0% versus 60.0%, and partly nonsatisfies – 20.0% versus 16.7%).
3. Product, commodity, service. Each business’s market activity is measured by the degree
to which its effects (products or services) satisfy a
consumer need, according to the determinants of
demand in the target market. Thus, starting from the
researched consumer need, identified areas of possible application, target markets or segments, potential market share, relevant demand determinants
etc., entrepreneurs conceive a market-attractive
production program, i.e. product or service range. It
means that entrepreneurs must know a lot about the
target market, or have sufficient quality information
they can obtain by research or continuous monitoring of target markets or some of its segments.
Since at present it is almost impossible for a small
entrepreneur to think of and launch a globally or
nationally original or new product or service, most
entrepreneurial ideas in small business is materialized in the area of various imitations, innovations
and modifications. With a well conceived marketing support, smart entrepreneurs can do well with
a multitude of complementary, substitute or even
surrogate ideas, as well as by entering neglected
markets or consumer niches. Croatian, and particularly B-H entrepreneurs have enormous opportunities, since these markets are completely neglected
and practically starting for interesting and attractive
new products and services, while the orientation to
indigenous products and services can open doors to
the European and global markets.
Within this topical unit, respondents were rated
with respect to marketing aspects of their products
or services, as a basis for rating the suitability of
the selected marketing strategies. They were rated
based on five determinants (market attractiveness
of the production program or commodities/service
range, identification of stages in the lifecycle of
the selected products/commodities/services, quality of marketing and other features of their products/commodities/services, quality of aftersales
services, and the degree of products/commodities/
services differentiation and innovation) and the
following summarized conclusions were drawn:
–– Viewed at the level of all the 60 respondents,
it was evident that most of them (32 or
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53.3%) have no knowledge of and do not
apply in their companies the marketing
area pertaining to products, commodities
or services, and were therefore granted the
highly unsatisfactory rating; a total of 16 (or
26.7%) were rated as partly (un)satisfactory,
while twelve of them (or 20.0%) were rated
as highly satisfactory.
–– A comparative analysis of BiH and
RH companies revealed considerable
differences in the rated components, and in
the overall rating for marketing strategies.
Actually, it is somewhat surprising that
BiH company owners have far more
knowledge of and apply marketing of their
products, commodities or services to a far
greater degree than their RH counterparts,
the difference ranging from 3 to 6 percent
in individual determinants in favor of BiH
companies.
4. Sales markets. With respect to market monitoring and research, Bangs (Bangs, 1998, 72) gives
a number of practical tips to small entrepreneurs
and points to the need for answering the following
questions: who are your best existing and potential
customers, does the 80/20 rule apply (80% profit
from 20% customers), how do customers perceive
your products or services, what do customers expect from a company such as yours, how can you
fulfill your customers’ desires and make profit
while doing so, what is the purchasing power of
the target market, do you need to offer a product
or service, or both, what do your customers read,
watch, listen to, etc.
The story of this assessment area actually starts
from entrepreneurs’ perception of target local and
international markets, or their segments, i.e. of target customer and consumer groups they are trying
to launch their products, commodities or services
for. Such information should be based on the target market segmentation, i.e. on the research into
needs and consumers, in order to answer questions as to who makes up the market, what is being bought in the market, who participates in purchasing, how they purchase, when they purchase,
where they purchase, etc.
Within this topical unit, we rated eight determinants (sales market research, sales market moni1210

toring, identification of consumer need, identification of consumer preferences, identification of
demand determinants, selection of target markets
and/or segments, identification of target consumer
groups, and identification of target customers –
merchants). Based on the summarized data, we
reached following conclusions:
–– Viewed at the level of average for all the
60 respondents, it was evident that most
of them (28 or 46.6%) know their target
markets and/or segments well and are
good at identifying consumer needs and
preferences, demand determinants and
target customer and consumer group, and
were therefore rated as fuly satisfactory for
the market entry strategy, while the equal
number of respondents (16 or 26.7%) were
rated as partly unsatisfactory or highly
unsatisfactory, respectively.
–– A comparative analysis of BiH and RH
companies reveals considerable differences
between them in all the eight rated
components, as well as compared to average
ratings of market entry strategy. Actually,
RH companies’ owners have a far better
knowledge of and apply knowledge on the
target sales markets and/or segments to a far
greater degree than their BiH counterparts,
the difference ranging from around 4 to
around 9% in favor of RH companies.
–– It is curious that despite a fairly good
knowledge of target sales markets and/
or segments, activities related to target
sales market research and monitoring
are highly unsatisfactory. Regardless of
small differences between BiH and RH
entrepreneurs, only one of the entire sample
researches while 14 monitor their sales
market, 12 researches it partially, and 16
monitors the sales market partially, while 47
do not research market at all and 30 does not
monitor their sales market at all.
5. Competition and competitiveness. Competition is a synonym for an economic contest or
market game where entrepreneurs compete with
each other in order to sell their products, commodities or services to as many customers as possible,
at the most favorable prices possible, and in orVolume 6 / Number 4 / 2011
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der to gain the biggest profit possible. The market
game can be played by means of various market
adjustment strategies and by innovative entrepreneurial strategies, i.e. by means of innovating,
modifying and diversifying products or services,
adjusting their features, range and (after)sales services, price adjustment and differentiation, market
segmentation, distribution, promotion, etc.
In general, one should take into account a range
of factors that determine competitive environment
in a market, such as (Porter, 1985, 172): existing
level of competition, new competitors’ entry, consumers and customers’ purchasing power, appearance of substitute products, commodities or services (substitutes, surrogates), effect of suppliers
through raw material prices, etc. Accordingly, Tihi
(Tihi, 1995, 273) suggest small entrepreneurs that
they should answer the following four questions:
what are your competitive advantages, what are
your weaknesses, what are your market opportunities, and what threats are lurking.
While assessing the competition marketing and
market aspects, we paid a particular attention to the
application of respondents’ knowledge of competition, i.e. to rating their competitive advantages,
as a basis for identification of market share in the
target (local and/or international) markets. Knowledge of competition and competitiveness and the
degree of its application were measured based on
six determinants (identification of local competitors, identification of international competitors,
identification of competitors’ market share, identification of competitors’ advantages, identification
of competitors’ weaknesses, and knowledge of
competitors’ intentions) and reached the following conclusions:
–– Viewed at the level of average for all
the 60 respondents, it was evident that
most of them 34 or 56.7%) have highly
unsatisfactory knowledge of local and
international competitors, and of their own
competitiveness; 16 (or26.7%) have highly
satisfactory knowledge of these issues;
while 10 (or 16.7%) have only partial
knowledge of competitors and their own
competitiveness.
–– A comparative analysis of BiH and
RH companies reveals considerable
differences between them in all the six rated
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components, as well as compared to average
ratings of the knowledge of competition and
competitiveness. Actually, RH company
owners know much more of local and
international competitors, their market
share, their own competitive advantages
and disadvantages, and direct competitors’
intentions than their BiH counterparts, with
the difference ranging from about 3 all the
way to 10 percent in individual determinants
in favor of RH companies.
–– The most important finding is that both
BiH and RH respondents have the least
knowledge of their direct competitors’
market share and their future intentions.
6. Market share. When entrepreneurs have
researched the physiognomy of consumer need,
potential customers and consumers, their competitors and market advantages, they must identify
the market share in target markets or segments.
Therefore, they must know what the demand will
be for their products, commodities or services in
the target markets, i.e. what their objectively possible market share will be in the overall demand.
They must first answer a number of questions,
which will allow them to calculate the (positive)
difference between the overall possible demand in
terms of quantities, time and area (in the local target market, increased by the potential for exports)
and the overall supply in terms of quantities, time
and area (from local production and imports).
The positive difference between the overall
supply and overall demand represents realistic
potential for market share, i.e. the possibilities of
selling products, commodities or services in target segments of local and/or international markets.
Market share projections were rated according to
five determinants (knowledge of local demand,
knowledge of export potential), knowledge of
local supply, knowledge of import potential, and
projection of market share). Data analysis produced the following conclusions:
–– At the level of average for all the sixty
respondents, most of them (40 or 66.7%)
have highly unsatisfactory knowledge of
local supply and demand, of export potentials
and potential imports, and consequently
completely incorrect projections of their
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own market share; 11 of them (or 18.3%)
has highly satisfactory knowledge, while
9 (or 15.0%) have only partly satisfactory
knowledge and projections of market share.
–– Comparative analysis revealed considerable
differences between BiH and RH companies
both in terms of all the five rated determinants
and in terms of average rating for the
knowledge of supply and demand and market
share. RH companies’ owners are far better
than their BiH counterparts, with differences
ranging from about 3 to about 7 per individual
determinants in favor of RH companies.
7. Product, commodity, service prices. Price
of a product, commodity or service is affected by
their usability and value, although the ratio between supply and demand is the crucial factor. In
general, there are many factors that affect making
a decision on prices of a product, commodity or
service such as: their use, quality, form and other
features, total cost of their production, sales or
servicing, relation between supply and demand in
the target market (degree of competition), elasticity of demand (consumer reactions to an increase
or decrease in price or income), measures of state
policy in the area of prices, etc.
Respondents’ knowledge of marketing aspects of
prices and its use in their respective companies were
rated based on eight determinants (factors affecting
prices, price elasticity of demand, income elasticity
of demand, direct competitors’ price policies, competitors’ price-related intentions, prices of complementary products/services and prices of substitutes
and surrogates). Based on the summary data analysis, we reached the following conclusions:
–– Regardless of minor differences in individual
determinants or rating our respondents’
knowledge of marketing aspects of prices of
their products, commodities or services, we
observed the 100% identity of relative share
of highly satisfactory rating (16.7%), highly
unsatisfactory rating (63.3%), and party
(un)satisfactory rating (20.0%) at the two
analytical levels (BiH and RH companies).
–– Viewed at the level of average for all the 60
respondents, most of them (39 or 65.0%)
have highly unsatisfactory knowledge of
marketing aspects of prices; 11 (or 18.3%)
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have partly satisfactory knowledge; while
only 10 (or 16.7%) have highly satisfactory
knowledge of marketing aspects of prices.
–– Comparison by the fully satisfactory rating
only reveals that RH entrepreneurs have
better ratings in three determinants (general
and branch price stability, competitors’
price intentions, and prices of substitutes
and surrogates) though at a very low level
of identification; that BiH entrepreneurs
have the advantage in four determinants
(factors affecting the price, price elasticity
of demand, income elasticity of demand,
and prices of complementary products/
services); while they have the same number
of satisfactory ratings in one determinant
(direct competitors’ price policies).
8. Pricing methods. With respect to pricing their
products, commodities or services, small entrepreneurs are typically forced to adjust their pricing policy to market trends, or else they follow leaders in
their respective branch, while large companies frequently resort to various forms of formal or informal agreements upon prices with their competitors,
particularly in the conditions of different olygopolic
or olygopsonic market structures.
The analyzed degrees of applying marketing
aspects of prices in our respondents’ companies
were further confirmed in the selection of method
of pricing their products, commodities and services. Respondents could choose among eight offered methods (price penetration, skimming price,
prices based on cost + desired profit), supply and
demand based pricing, prices based on perceived
value, prices based on following leaders, competitor-based prices and psychological factors based
prices). Following conclusions were derived from
the summary data analysis:
–– Viewed at the level of all the 60 respondents,
it was evident that many of them (22 or
36.6%) form their prices based on their
direct competitors’ prices; 19 (0r 31.7%)
use the method of following branch leaders;
12 (or 20.0%) use the cost-based method
increased by the desired profit; 4 (or 6.7%)
form prices based on demand and supply in
target markets; and only 3 (or 5.0%) use the
skimming method.
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–– Comparative analysis of BiH and RH
companies reveals more significant
differences in pricing based on following
leaders and competitors (23 : 18 in favor of
BiH companies), while RH companies lead
in cost-based pricing and pricing based on
supply and demand (10 : 6).
–– However, no respondent uses methods of
price penetration, price based on perceived
value nor pricing based on various
psychological factors.
9. Sales distribution. In marketing theory,
distribution is mostly discussed in the context of
distribution channel (i.e. purchasing channels and
sales channels) and physical distribution – transport. Discussion on distribution channels does not
pertain to entrepreneurs who manufacture only for
the so-called known customers, i.e. make products
or provide services pursuant to previously received
orders. However, entrepreneurs that manufacture
for unknown customers (for the market) can also
avoid intermediaries in distribution, although in
this case they would have to perform a number of
specific jobs or organizing retail network, physical
distribution, customer servicing, i.e. all the tasks
and transactions on the product’s road from warehouse to the customer and/or final users.
It usually does not pay for small entrepreneurs
to organize a retail network of their own, and it
is far more efficient for them to use the existing
channels, although a number of small manufacturing (mostly craft) businesses have direct contact
with customers and/or consumers. The conditions
of sales distribution in our respondents’ companies
was rated based on three determinants (criteria
and quality of the sales channel selection, policy
of product stock and warehousing, and the selection of the form of physical sales distribution).
Based on the summary data analysis, we reached
the following conclusions:
–– Viewed at the level of average for all the
60 respondents, it is evident that half of
them (30 or 50.0%) have highly satisfactory
knowledge of sales distribution and apply it
properly in their respective companies; 22 (or
36.7%) have highly unsatisfactory knowledge
thereof, while 8 (or 13.3%) have only partly
satisfactory knowledge of sales distribution.
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–– Comparative analysis of ratings for
BiH and RH companies reveals minor
differences between them in terms of the
three rated components, while the average
reveals differences in the column of highly
satisfactory ratings (53.3% : 46.7% in
favor of RH companies) and in the column
of highly unsatisfactory ratings (33.3% :
40.0% in favor of RH companies).
10. Purchasing distribution. The conditions
of purchasing distribution in our respondents’
companies were rated based on six determinants
(purchasing market research, purchasing market
monitoring, criteria for selecting the purchasing
channel, quality of the supplier selection, stock
and warehousing policy, and selection of the form
of physical purchasing distribution). Since the research and monitoring of sales market were rated
within the topic on target sales markets, within
this topic we also rated the respondents’ attention
to research and monitoring of purchasing market.
Based on the summary data analysis, following
conclusions were drawn:
–– Viewed at the level of average for all the 60
respondents, it is evident that most of them
(25 or 41.7%) have highly unsatisfactory
knowledge of purchasing distribution; 23 (or
38.3%) have highly satisfactory knowledge
of purchasing distribution and apply it
appropriately in their companies, while 12
(or 20.0%) have only partly satisfactory
knowledge of purchasing distribution.
–– Comparative analysis of BiH and RH
companies reveals minor differences
between them in all the rated components,
while the average shows differences in the
column of highly satisfactory ratings (40.0%
: 36.7% in favor of RH companies) and in
the column of highly unsatisfactory ratings
(40.0% : 43.3% in favor of RH companies).
11. Promotion activities. Empirical experience shows that small entrepreneurs are the weakest in the area of promotion, since they typically
think that it does not require any specific knowledge or skills, and they most frequently waste time
and money. Among a multitude of promotion activities, small entrepreneurs most often and quite
1213
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unselectively use advertising. They typically do it
by means of various and particularly simple advertisements through local media they have access
to (newspapers, radio and television).
Small business promotion is somewhat specific, since entrepreneurs typically aspire to comparatively limited markets and consumer segments
and should insist upon various direct, personalsales and oral forms of promotion. Small entrepreneurs do not need to meticulously differentiate
among promotion activities, nor employ experts,
but they have to consult connoisseurs. However,
in order to avoid the trap of promotional knowit-all, they should cooperate with experts in order
ro attempt to answer to the following questions
(Kuvačić, 2005, 429-430):
–– What are pivotal goals of the company’s
promotion activities?
–– How to select the company name and
product or service name, and what letter
type (size, font, etc.) to use?
–– How (graphically and visually) to shape
the company’s trademark, and what color
or combination of colors to select for the
company’s color?
–– What to do about the recognizability of the
company’s and promotion style?
–– How to select advertising pitches, media
and resources and shape the advertising
message suitable to media and resources?
–– Which activities of sales promotion should
be intended for their own staff, which to
direct to customers and intermediaries,
consumers and public?
–– How to select suitable activities of the
personal-sales promotion, effectively select
and provide quality training for their sales
force, and what to do about the effective
promotion at the point of sale?
–– How to plan and what to do about various
forms of free promotion, effective publicity
and public relations?
–– What to do about creating the company’s
favorable identity, image and reputation?
–– What to offer as promotionally effective
(after)sales service?
–– How to promotionally effectively shape and
package the product, commodity or service?
–– How and when to get involved in
1214

sponsorships and charity activities?
–– How and to what extent to promote the
company, products, commodities or
services?
–– How much money and where from to spend
on the planned promotion activities?
–– How to monitor and assess results, i.e.
effects of promotion activities?
Besides, in order to find their way in the forest
of promotion activities more easily, small entrepreneurs can use Kotler’s classification (Kotler,
1994, 710) of the (small) entrepreneur’s common
instruments for communicating with the target
market, such as: 1. Advertising (advertisements,
packaging, catalogues, direct mails, films, magazines, booklets, posters and flyers, guides, advertising records, displays, demonstration cards,
sales samples, audiovisual materials, symbols
and emblems); 2. Sales improvement (contests,
lottery, sweepstakes, prizes and gifts, sales fairs,
exhibitions and exhibits, demonstrations, tasting, discounts, loans, public performances, old
for new, trade stamps, advertising campaigns): 3.
Public relations (newspaper articles, interviews,
seminars, charity donations, sponsorships, publications, community relations, lobbying, identity
media); and 4. Personal sales (sales presentations
and meetings, samples, telemarketing, incentive
programs, sales fairs, sales exhibitions).
With respect to answer to the question as to
when and to what degree to back up the business
with promotion, small entrepreneurs typically do it
when they start business or when they get into trouble with sales. They have a particularly hard time
with the question as to how much money to allocate
to the promotion and where to get it from, and they
therefore typically use the available money criterion, followed by the percentage of sales method,
or simply copying competitors (particularly leaders
from their branch), and very rarely do it based on
the set promotion goals, well-designed promotion
program, and by monitoring, analyzing and assessing the effectiveness of their promotion activities.
Actually, small entrepreneurs must find the
measure of good taste and adjust the quality and
quantity of promotion to the average taste of target consumer groups. Based on the previously
adopted market entry strategy, planned promotion
Volume 6 / Number 4 / 2011
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activities, they would have to try to design an actual promotion program as a basis for operational
activity in the area of promotion, i.e. communication with target markets. The famous U.S. entrepreneur Rockefeller once said: The skill of communicating with people is as much in demand as
sugar and coffee; I am willing to pay for this skill
more than for anything else under the sun.
Promotion is a crucial component of marketing
mix, and of marketing plan or program for small
entrepreneurs as well, and knowledge of promotion and degree of its application in our respondents’ companies were rated based on fourteen
determinants (identification of promotion activity goals, promotion scope, timing and intensity,
quality of the promotional cost plan, monitoring
and assessing promotion results, quality of advertising constants, quality of advertising, quality
of sales improvement. Quality of personal-sales
promotion, quality of promotional publicity, quality of public relations, assessment of company’s
identity, image and reputation, quality of borderline promotion activities, promotional features
of products or services, and quality of aftersales
service). The analysis of summary data generated
following conclusions:
–– Viewed at the level of all the 60 respondents
and rating for all the 14 components of
promotion activities, it became evident
that promotion is a marketing area the
respondents are the least familiar with,
and that is inappropriately applied in their
companies.
–– Most respondents (50 or 83.3%) have highly
unsatisfactory knowledge of the promotion
mix determinants and do not apply it at all in
their companies; 6 (or 10.0%)= have partly
(un)satisfactory knowledge of promotion
and partly apply it in their companies, while
only 4 (or 6.7%) have fully satisfactory
knowledge of promotion and successfully
apply it in their companies.
–– Regardless of minor differences in ratings
for individual 14 determinants and in the
degree of their application, comparative
analysis of BiH and RH companies points
to almost identical situation, the only
differences being one respondent more or
less.
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12. Dynamic projections (plans). Since each
marketing projection speaks only of what is happening or is going to happen in a short time period, discussions on marketing aspects, and particularly empirical research into their use in the
area of small entrepreneurship cannot avoid the
dynamic marketing projections, since they are focused on the future and speaks of what is going
to happen in a longer time periods. The crown of
these projections is actually the entrepreneur’s reliable (market-based) perception of the objective
opportunities for selling his product, commodity
or service over a few years of exploiting the project. Thus, market research should not stop at information on the conditions in supply and demand,
and potential market share, but it would also look
for information on future trends in order to allow
elaboration of potentials for market expansion, i.e.
a dynamic projection of sales and income.
Knowledge of the meaning of dynamic projections and their application in our respondents’
companies were rated based on nine determinants
(vision, mission and long-term strategy, and dynamic projections of demand, supply, market
share, production, prices, income and growth/
development). While we though nothing can be
rated poorer than knowledge and use of promotion activity in pour respondents’ companies, dynamic projections (plans) data show that it can be
even worse. Actually, following conclusions were
reached based of summary data analysis:
–– Regardless of slight differences in ratings
for individual 9 determinants and at all
the three statistical-analytical levels (BiH
companies, RH companies and total),
we have a completely identical situation.
Most respondents (56 or 93.3%) have no
knowledge of and do not use any dynamic
projections, while 3.3% (a total of 4) in
each category were granted highly or partly
satisfactory ratings.
–– Thus, it turned out that dynamic projections
are the weakest point in the use of marketing
in small businesses, since only three
respondents have partly conceived vision,
mission and long-term strategy, and none of
them have dynamic projections of demand,
supply, market share, prices, and future
growth and development.
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2.3. Summary conclusions
For the purpose of summary conclusions on
our respondents’ knowledge of various marketing
aspects, and of use of marketing in BiH and RH
small businesses, we have produced a special table where we presented summary data on research
results per twelve individual topical units. Based
on these data analysis, following conclusions may
be drawn, among others:
–– Viewed at the level of all 60 respondents, and
according to total average ratings for all the 12
aspects, and application of the knowledge in
their respective companies, most of them (33 or
55.0%) got highly unsatisfactory rating, 16 (or
26.7%) got the highly satisfactory rating, while 11
(or 18.3%) got the partly (un)satisfactory rating.
–– By averages for highly satisfactory ratings, the
following three topics were rated highest: 1. Sales
distribution (30 or 50.0%), 2. target sales markets
(28 or 46.6%), and 3. entrepreneur’s suitability (26
or 43.3%); while the following were rated lowest:
10. prices of products, commodities or services (10,
or 16.7%), 11. promotion activities (4, or 6.7%),
and 12. dynamic projections (2, or 3.3%).
–– With respect to averages of highly unsatisfactory
ratings, the following topics were rated highest: 1.
dynamic projections (56, or 93.3%), 2. promotion
activities (50, or 83.3%), and 3. market share
projection (40, or 66.7%), while the following
ranked lowest: 10. sales distribution (8, or 13.3%),
11. target sales markets (16, or 26.7%), and 12.
entrepreneur’s suitability (14, or 23.3%).
–– With respect to averages for partly (un)satisfactory
ratings, the following topics rank highest: 1.
entrepreneur’s suitability (20, or 33.3%), while
product, commodity, service and target sales
market share the second and third position (16,
or 26.7% each); while the following three topics
rank lowest: 10. sales distribution (8, or 13.3%),
11. promotion activities (6, or 10.0%), and 12.
dynamic projections (2, or 3.3%).
–– Regardless of slight differences in average
ratings per individual topics or aspects of
rating respondents’ marketing knowledge and
use of the knowledge in their companies, the
comparative analysis between BiH and RH
companies, in terms of overall averages, points
to almost identical situation in both respondent
1216

groups, differences being only plus or minus one
company, i.e. respondent.
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Abstract
Rural development is a development outside
the city, i.e. urban agglomerations, which implies
integral management of the available resources in
a sustainable way with the respect for and in coordination with the economic, social and ecologic
principles within the scope of a rural area. Strategic management is the instrument that can ensure, so defined, rural development. With the help
of strategic management the right questions that
developing strategy of rural areas should focus
on as well as answer, can be arrived at. Likewise,
strongholds can be reached which represent strategic basis for development levers to be used later
during the strategic management of sustainable
rural development. In essence, strategic management is, figuratively speaking, a light at the end
of a tunnel. If we are guided by strategic management we will no more stray in the dark.
Key words: rural development, sustainability,
strategic management
1. Introduction
Rural development implies dealing equally
with economic, socio-cultural and political and institutional aspects, and it demands establishing of
the coherent and sustainable framework for the future progress of rural areas [1]. When the rural area
stops developing, stops creating something better
and different, it starts, by the law of inertia, over
the time, to deteriorate, stagnate and in the end it
disappears. Development, as the driving force, is
the only means of preventing deterioration, stagnation and disappearance. Development is of essential importance for any rural area and its active
Volume 6 / Number 4 / 2011

participants who manage it [2]. Development is
not the same as growth. The growth is the change
in numbers, size, volume or dimension of things
we have. Meaning, that what we have, over a period of time, is becoming more numerous or bigger.
The development is, on the other hand, a change in
competence; it is a change in what we know about
what we do [3, pp. 122]. In other words, development is a change in our knowledge of doing what
we do with what we have. So, development does
not depend only on what we have, but even more
so on what we know to do with what we have. It
is a kind of creation and innovation in the sense
that we do better and different things, the result of
which implies better and diversified life.
If we follow this process of thinking, with the
above said as a „signpost“, rural development is
a qualitative change in what we know to do in a
certain rural area and, also, a change in the quality
of life of its community [4]. In economic sense it
could mean better working posts. While growth,
on the other hand, represents a change in quantity, for example, more working posts. Growth
does not necessarily imply development. In our
example more working posts does not mean better
working posts and therefore it does not imply better quality of social life and environment. Growth,
in itself, is welcome, but a long term managing
of the development only by growth, and creating
the strategies of growth instead of development
strategies, is not always welcome. In that way the
essence of the development is disregarded and the
management of the sustainable rural development,
based on changes in quantity, does not result in
the wished for changes in the quality of life in that
rural area, neither from the economic and social
aspect nor from the aspect of environment.
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2. The concept of the management rural
development
In order for the rural development management
to be effective it should be proactive and responsible [5]. Key challenges for the active participants
of the management of rural development are:
1. forming sustainable rural economy;
2. building the social infrastructure;
3. economic promotion of natural resources
and environmental protection.
The concept of the management of rural development is a symbiosis of two ideas:
4. the concept of a life cycle of rural economy,
and
5. the concept of adequacy of certain types of
management for the corresponding phases
of a life cycle.
The concept of a life cycle of the rural economy
is analogous to the life cycle of the product and the
life cycle of the organization [6], with due adaptations. The concept of adequacy of certain types
of management is deduced from the characteristic
classification of strategic business management
[7] again, with due adaptations. The life cycle of
the rural economy consists of two basic phases:
structuring phase and configuration phase.
Structuring phase implies establishing of initial structure of rural economy and runs accordingly to the famous theory of development pole,
by which the initial investment in one area results
in a concentration of resources (human capital, financial means, infrastructure, etc.) in one point in
the beginning, which, in time, becomes the pole of
development; at first causing and unequally balanced development [8, pp. 86]. That unevenness is
the result of the concentration of the resources in
that pole, center of the development, caused by the
initial investment. Further, the initial investment
prompts a series of other investments, and the effects of the development spread to the rest of the
rural area. The appropriate type of management in
this phase of the life cycle of the rural economy is
the management which has all the elements of the
entrepreneurial management.
Configuration phase implies coordination and
mutual adaptation of all the important elements of
1218

rural economy which are built and positioned so as
to broaden and deepen the effects, not only of the
initial investments, but also of the effects of the series of investments and activities drown by the initial one. In this phase an almost spontaneous accumulation of related enterprising activities, permeating and competing, occurs on certain spatial locations. Next to the technical infrastructure (roads,
communications, energy sources, public services,
etc.), the institutional infrastructure is also being
more and more improved. All this is substantially
compatible with the concept of cluster, introduced
by Michael Porter. Porter's concept of the cluster
defines the cluster as „geographically oriented
groups of mutually connected enterprises and institutions in a certain sector, bound together by
common interest and complementary angle“ [9].
The development of cluster is increasingly being
used as one of the most influential levers in rural
and regional economic development. The most
suitable type of management in this phase of the
life cycle of rural economy is the one which has all
the elements of systematic management from the
aspect of dedication and patience in building and
realization of the development strategy.
In the course of time and under the influence of
diverse surrounding factors the development of the
rural economy stagnates and later even regresses.
The configuration phase is followed by the restructuring phase which is best managed through
the type of management with all of the elements
of the transformational management. Last, reconfiguration phase is best managed through the type
of management, again, with all the elements of the
systematic management. After the phases of restructuring and reconfiguration the development of
the rural economy should be on a higher level compared to the previous status. The basic idea of defining the concept of rural development through the
life cycle of rural economy and adequate types of
management is the need of obtaining a clear picture
of achieved level of development of rural economy
over a period of time. Figure 1 represents the concept of the management of rural development [Author's visual illustration of management of rural
development a symbiosis of two ideas of a life cycle
of rural economy and the idea of suitability of particular types of management to a particular phase
of a life cycle, adapted for the research purposes].
Volume 6 / Number 4 / 2011
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Figure 1. The concept of the management of rural development
The way of managing rural development will
significantly depend on the following factors [10]:
1. professional and organizational capacity
engaged in development;
2. sources of financing development;
3. planned and systematic development
solutions;
4. mutual trust and the level of cooperation
among people in a particular rural area.
3. Approach to the strategic management
from the aspect of sustainability
Strategic management of sustainable rural
development is based on development strategies
founded on the concept of sustainability. Concept
of sustainability implies balanced interdependency of economic growth, social progress and protection of the environment [11]. This concept integrates the most important economic, social and
environmental aspects.
1. Economic requirements demand dynamic,
ecologically efficient and sustainable
economy, which will ensure prosperity and
equal chances for all, and where the social
costs are paid by those who incurred them
[12];
2. Social requirements demand that better
social conditions and economic, social and
cultural rights for all social segments and
groups are ensured;
3. Environmental requirements demand that
the existentially significant resources be
exploited in such a way so that the satisfying
of present needs does not endanger the needs
of future generations.
Volume 6 / Number 4 / 2011

With all this in mind, the strategic management
of sustainable rural development should be looked
at from the aspect of three dimensions:
1. economic system, in which the development
is based on strengthening of competitive
advantage in order to create a new economic
structure which would provide better
working posts as well as stronger community
budget in the rural area and all that leading
to better infrastructure and services;
2. social system, where the development is
based on strengthening of solidarity, in order
to enhance equal chances for all members in
all aspects of life and development, ensuring
social balance and integration, as well as the
improvement of social capital [13, pp. 97];
3. ecological system, where the exploitations
of natural resources is strictly connected to
the degree of their capacity to regenerate,
with the aim of preserving and ensuring
clean and safe environment.
First of the key characteristics of the strategic
management of sustainable rural development is
integration, which implies at least three dimensions [14]:
1. interdepartmental instead of departmental
approach;
2. integration of the three horizons of planning
(long term - strategic level, middle period
- tactical level and short term - operational
level);
3. the adjustment of the subsystem of
sustainable rural development into the
hierarchically higher systems, including
the system of support of the EU, which will
become significant source of financial and
professional assistance to the rural areas in
future.
Second key characteristic of the strategic management of sustainable rural development is effective participation, which implies systematic facilitating and ensuring the participation and contribution of all members in the process of managing, in
compliance with their competence and interests.
This is the concept of local rural development
partnership [15].
1219
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4.  Vision as the key element of the strategic
management
Vision is the central point of the strategic management of sustainable rural development and it
is of the key importance for the implementation
of the development strategies and realization of
the strategic goals. It is a guiding thought. With
well thought-out plans and projects it could be a
mighty means of directing the energies of a certain
rural area towards the realization of its own strategic aims. The change is the initiator. Vision determines the measure of strategic changes in depth
and in width for a certain time period [16]. It could
be said that it is a kind of compass when and if we,
later during the planning, an especially during the
realization, go astray. It should announce strategic changes which essentially represent something
better compared to the present state [17]. From the
general point of view it is important to know what
we are really changing - perspective or position.
Perspective, in the concept of strategic management of sustainable rural development, in simple
terms, represents a framework of possibilities which
open up from the angle of our total competences. The
angle of observation is here, in the broadest sense,
that what we can call the culture of a certain rural
area. Culture of a rural area entails two basic, mutually pervasive, dimensions: social and material. Social
dimension of a certain rural area comprise a system
of values, beliefs and tradition which is at the root
of it, as well as the interactions that rise from such
roots. Material dimension of the culture of a certain
rural area comprise a combination of diverse elements which are closely connected to its economy:
natural resources, and status of the area, capital infrastructure at the disposal, human resources, special
skills and practices, organizational infrastructure, etc.
When we speak of the material culture special attention should be paid to a less tangible but more influential kind of a specific economic culture, a pattern
of behavior formed under the influence of previously
dominant economic branches. Social interactions,
except deeply rooted beliefs, are more and more being formed from the material base, thus creating specific cultural patterns for a specific rural area [18].
This specific, mutually permeable, social culture,
molds a perspective of a rural area restricted to the
particular segment of circumstances in the changed
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surrounding in the coming times, which can be used
with more chances for success. Each rural area has
its own perspective, which is formed over a longer
period of time, in the past and in the present, and each
perspective limits the potential of respective area in
the future, reducing it to the framework of possibilities which correspond its resources, i.e. its social
and material culture. Figure 2 is a visual presentation of the perspective within the concept of strategic
management of sustainable rural development as a
framework of the potential for a particular rural area
[Author's visual illustration of the analyzed framework of possibilities for a certain rural area as a perspective conceptual segment in the framework of the
defined issues, adapted for the research purposes].

Figure 2. Perspective in the concept of strategic
management of sustainable rural development
Observed from the center towards the periphery of the segment the area of potentials of a particular rural area spreads. This is the area of domestic/regional economy which rural economy
could fit in, prospectively, finding its place in the
respective chains of values; than the area in which
the specific rural culture heritage could draw attention, and also an area in which the regional network of knowledge could co-work with the rural
knowledge creatively, and later become a kind of
junction. Where the intentions and resources will
focus, in that limited perspective, in the framework of possibilities, is the matter of position
which should be chosen strategically. Just as it determines the perspective, the vision should delineate, at the same time, competitive position in the
framework of that particular perspective. Perspective simultaneously opens and limits possibilities
to those that are in compliance with rural culture
as an alliance of social and material dimension.
Volume 6 / Number 4 / 2011
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Position in the outlining of the sustainable rural
development is the point of meeting of possibilities and the unique competitive advantages, which,
when reached, generates a new specter of economic, social and life values for the social community
of the particular rural area. Creating a new position
which brings new values implies formulating a vision which outlines that position, and, later, also,
positions it in the respect to the other areas with
which it is in a competitive relationship. Therefore
a good vision positions, stages and directs a game
we know how to play on, for us, the most adequate
play ground, ours, a game that we can play better
than others. A good strategy is a game played on
one's own terrain. It is also a choice of „weapons“
that suite us, not our competitors.
Relationship between perspective and position in
the outlining of the strategic management of sustainable rural development could be explained by the
following anallogy. For example, the sport we are
good at is perspective, in the framework of which our
possibilities could become prominent. The league
we want to compete for (e.g. Premier league) and
the standing we want to achieve (e.g. winning the
champion title or holding out in the league) represent
the position we want to achieve. As the time passes,
with more experience and invested resources, in this
particular sport, advancement is noticeable, both
regarding the league we play for and possibilities
of our achieving good position on the score board.
Position is changed more often and more easy than
perspective. Also, we can not change the sport we
play, switch from football to handball, and set out to
win the state or European championship title in the
period of five years. If we keep playing our sport,
in the perspective that is suitable, in the framework
of our possibilities, even that is attainable. The relationship between perspective and possibilities could
be presented as in the Figure 3 [Author's visual illustration of the analyzed conceptualized relationship between the two segments of previously defined
issues, adapted for the research purposes].
The key issue, while outlining the vision is
what to change: perspective or position, or maybe
both? The matrix of the change of perspective and
position is presented in Figure 4 [Author’s visual
illustration of the changes of two conceptualized
segments in the form of the matrix, adapted for the
research purposes].
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Figure 3. Relationship between perspective and
position

Figure 4. Matrix of the change of perspective
and position
If none change, then it is not a question of the
vision, but of extending the present state. The
change of the perspective and position means
transformation of the existing state, which means
abandoning the present state. New position and
old perspective means further improvement with
the aim of development, while the old position and
the new perspective means that we have strayed
in the dark. It is easier to change position in the
framework of the present perspective than the perspective itself. Position could be changed more
often, while perspective remains the same over
a longer period of time. It is not easy to imagine
a team that switches from one sport to the other
and achieves a good standing in a short period of
time. It is just as difficult to imagine a situation in
which a certain rural area changes perspective and
counts on achieving a good standing or promising
competitive position in the surrounding in a short
period of time. Consequently, we can conclude
that, while outlying the vision, we should first
1221
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carefully choose the sport in which we have a significant chance for play and success (that is how
we determine the perspective, i.e. changes in the
framework of perspective), and after that we could
decide and weigh the league and standing we want
to achieve (that is how we determine the position,
i.e. changes in the framework of position).
The importance of the vision in the strategic
management of sustainable rural development
arises from the fact that it also determines the
depth and width of planned strategic change, and,
also, the character and the results of that change,
depending on whether it is a change in perspective
or position. If we decide to significantly change
perspective, i.e. to comprise very different, maybe
more promising and prospering framework in domestic surrounding by the strategic management,
then we have to face challenges and ordeals of the
change of culture of a particular rural area. In the
simpler cases those will be the changes in the domain of material culture, but in the more complex
and difficult cases those will be the changes in the
domain of social culture, such as are the traditional values, beliefs and customs of people.
One more thing in connection to the creation of
the vision, maybe even more important than all that
has been said, should be mentioned. True vision inspires. Inspiring is more than persuading. Namely,
persuading requires persistence, while inspiring requires creativity and courage. Persuasion can not secure that what inspiration can, and that something is
the readiness to sacrifice some of our small, current,
personal interests for achievement of long termed
mutual goals. If it is a true one, than the vision has
the power to inspire, it stimulates and urges others
to give their full attention to the right things, which
will give true results, but only in the future [19, pp.
63]. Creating a vision is not a job that could be assigned and then routinely realized. There is no recipe. It is a creative enterprise. Therefore, the creation
of a vision that inspires is truly creative job, and
those who create it are always creatively inspired.
Strategic management of sustainable rural development without the vision which inspires most often
shares the destiny of the extensive administrative
documents, which populate the shelves and drawers for some time, never to be realized. One thing
is clear. It is not easy to create true vision as the essential point of the strategic management.
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5. Programming of strategic goals and the
indicators of success
Conceptualizing the strategic goals through
which the essence of the policy of strategic management of sustainable rural development is revealed
follows the vision creation [20]. The strategic platform of the development of the rural area for a certain period of time is rounded off through strategic
goals. The most important thing that has to be asserted, while defining strategic goals of a rural area,
is installation of the concept of sustainability. That
means ensuring the harmony, cooperation and the
synergetic effects between local rural economy and
local ecology, between economic growth and social
progress, between the priorities of social development and the protection of the environment, etc.
Synergetic effect implies the effect of the whole,
which is greater than the sum of the effects of its
individual parts, which is the result of the optimal
mutual coordination of its parts (synergetic effect is
illustrated by the equation 2+2=5).
Strategic platform is interdepartmental and integral. So should be, at least in the greater part,
the strategic goals in spite of the fact that their departmental gravity is recognizable from the moment of their conceptualization. Each of the goals
has recognizable departmental centers (more of an
economic growth, social progress or environmental improvements), but at the same time, in each
of them, care is taken not to harm other departments but to contribute to their sustainable development. This means that we are not to formulate a
goal which implies quick economic growth which
could, on the other hand hinder local natural resources and environment, causing social tensions.
While conceptualizing the goal which determines the main stream and final range of the economic growth it should always be kept in mind
that environment and social progress must not be
harmed in any way. Also, our goals must be realistic
to that extent so that they can be realized. Namely, if
they fail our expectations, they will give rise to the
mistrust. To prevent that the participant defining the
goals should predict future rationally, giving the best
possible forecast, on the basis of available information, representing the basic postulate of the theory of
rational expectations. Programs are the fundamental
instrument for the realization of the defined strategic
Volume 6 / Number 4 / 2011
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goals [21]. They comprise corresponding projects,
and also measures.
The choice of the adequate project depends on
its ability to contribute to the realization of the
goals an ability to ensure necessary financial, professional and material resources. Thus, the choice
should be made on the basis of criteria reflecting both dimensions; strategic importance of the
project and its readiness for realization. Generally
speaking, there are two kinds of projects [22]:
1. projects ensuring quick success (quick-wins),
2. project with lever and multiplication effect.
Quick-wins projects usually need less means,
the resources needed for their realization are locally available, they give noticeable results in a few
months time, and so create trust in the local community and self-confidence in those responsible for the
realization of the same. Catalytic projects demand
significantly more means, usually the resources are
not all locally available, and they refer to a period
longer than one year for their realization. Those are
the project which, like a lever with multiplied effects, enhance the rising of the level of local rural
economy, or social situation, or ecology, or all of
them. Together they point towards the development
challenges, goals and the concept of sustainability. They contribute much more to the realization
of strategic goals, but, are, also, more complex and
more difficult than the „quick-wins“ projects.
Choosing either depends on the level of trust
(social capital) existing within the rural area, on
one hand, and on the availability of resources for
implementation of interventions, on the other. In
the rural area which had no or little experience
with the strategic planning and implementation of
strategic plan of sustainable rural development, it
is advisable to start with the less complex projects
for the realization of which locally available resources could be used with the aim of gaining the
necessary trust in the local community. Simpler
interventions are a good basis for the implementation of more complex and more expensive catalytic projects leading to bigger steps forward towards
the realization of the strategic goals. It would be
wise to organize simpler projects with quick effects in the course of the first year, and the more
complex, more expensive projects with the effect
of lever and multification in the following years.
Volume 6 / Number 4 / 2011

In order to know whether we are on the right
road it is necessary to weigh the wished for range to
be achieved through strategic management of sustainable rural development, i.e. that is to reexamine
the conceptualized goals. The methodological basis for this process could be defining of the indicators of success. Indicators of success are used for
„tracking“ the efficiency and also for the evaluating of strategic management [23]. These are objective and confident, mainly quantitative indicators of
progress, which can show in advance:
1. kind and extent of the changes which are
going to be realized within the target groups/
activities defined in the particular programs
and sectors through the development goals the indicators of outcome;
2. kind and extent of the changes which are
going to be realized indirectly in the rural
area, and which are closer connected to the
strategic goals - the indicators of impact.
While defining the indicators of success it is very
important to take care of the application of certain
rules as are concreteness, measurability, adequacy
practicality and time determined indicators. Along
with defining the strategic goals we should define
the indicators of success. This kind of thinking is a
kind of a control and corrective factor. If, for a certain goal, indicators of success can not be defined,
then the goal should be redefined.
6. Conclusion
Strategic management of sustainable rural development does not only mean creating and applying the instruments of management, as is the development strategy, but it also means building an
adequate system which will enhance the process
of management, make it more flexible to changes
from the surrounding, and also less turbulent in
regard to changes in quality and style of management. Building of such a system is not inherent in
our society and culture. We rather tend to different
improvisations (though, a good improvisation was
and still is a result of adequate application).
However, drawing nearer to the EU, introduction of standards and implementation of certain
development solutions, on the basis of our experi1223
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ence, that what we were not inclined to, becomes
aspiration for something new and more efficient.
This is the only way for strategic approach to
management to become dominant in sustainable
development of rural area.
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Abstract
Wire electrical discharge machining (WireEDM) process is a widely used method to produce precision tools. There are many parameters
that have influence on the process such as pulse
on time, pulse off time, voltage, wire tension, wire
diameter, material etc. In certain cases values of
the parameters (e.g. cutting speed and surface
roughness) conflict with each other. Usually surface quality decreases while cutting speed increases, and vice versa. It is difficult to improve both
properties simultaneously. Due to the complexity
of process, it is convenient to use some stochastic
methods to find optimal process parameters.
In this study, Wire-EDM process of gamma titanium aluminide alloy was optimized by support
vector machines (SVM) method. To achieve this
goal, Wire-EDM experimental results of the alloy
were used as training set, and then predictions were
made using this set. Obtained results were submitted as graphs and Pareto optimal points were determined among predicted points. Lastly, an optimum
point was selected according to desired surface
roughness value using multi-objective optimization
methodology. Results showed that using SVM is
effective as much as traditional prediction methods
like Artificial Neural Networks (ANN).
Key words: Wire-EDM, gamma titanium aluminide, optimization, SVM
1. Introduction
Wire-EDM process is a non-traditional manufacturing method that utilizes electrical spark for
eroding electrically conductive materials and is
very convenient for tooling industry as well as
Volume 6 / Number 4 / 2011

aerospace and automotive industry, involving
high accuracy and shape complexity [1].
Many parameters, such as pulse-on time, pulseoff time, wire tension, dielectric flushing, voltage, tool/part material and so on, have influence
on process responses such as surface roughness,
cutting speed, overcut, accuracy etc. Certain stochastic approaches were utilized by researches in
order to reach optimal process parameters instead
of dealing with diverse machining properties of
Wire-EDM [2-15].
Tarng et al. [2], utilized a Feed-Forward Neural
Network (FFNN) approach to establish a link between process parameters and process responses,
then they applied Simulated Annealing (SA) algorithm to the FFNN for finding optimal cutting
parameters. Liao et al. [3], established mathematical models relating various Wire-EDM parameters and machining performance. Then optimal
points were searched using Feasible Direction
method (MFD). Spedding et al. [4], used feed-forward back-propagation Artificial Neural Network
(ANN) model to represent Wire-EDM process,
then process performance predictions were made
relating the developed ANN model. Puri et al. [5],
carried out experimental approach to analyze and
optimize wire lag phenomenon and they employed
Taguchi methodology. Tosun et al. [6], studied on
the effect of machining parameters on kerf and
material removal rate (MRR), and optimization of
the parameters in Wire-EDM process. Regression
analysis method was utilized for mathematically
modeling the variation of MRR and kerf with machining parameters, and optimal points were selected from these mathematical models. Shunmugam et al. [7], optimized Wire-EDM process parameters by using Non-Dominated Sorting Genetic Algorithm (NSGA). A non-dominated solution
1225
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set was obtained and reported. Manna et al. [8],
carried out an experimental study about optimization of Wire-EDM of aluminum-reinforced silicon
carbide metal matrix composite (Al/SiC-MMC).
Mathematical models of machining performance
were established through Gauss elimination method, then confirmation test was carried out and it
was found out that obtained mathematical models
were appropriate. Ramakrishnan et al. [9], offered
a multi objective optimization approach for WireEDM of heat treated tool steel. Wire-EDM parameters were optimized with the multi response characteristics of the outputs. Developed optimization
tool was tested and the results were consistent.
Sarkar et al. [10], conducted an experimental investigation on single pass cutting of Wire-EDM of
γ-TiAl alloy. Additive model was used to model
Wire-EDM process then predictions were made
according to the developed model. The predicted
parameters were compared with experimental results, and then process optimized by using constrained optimization and Pareto optimization algorithms. Mahapatra et al. [11], studied on several
Wire-EDM process parameters such as discharge
current, pulse duration, pulse frequency etc. and
they minimized surface finish (SF) while maximizing material removal rate (MRR) by using Taguchi method. SF and MRR, also considered as
process responses, were mathematically modeled
using linear regression model to optimize process for both objectives (SF and MRR). Optimum
search formulated as multi-objective, multi variable non-linear optimization problem. Then Genetic Algorithm (GA) was used to obtain optimum
machining parameters. Another similar study on
this optimization topic was made by Mahapatra
et al. [12], but this time cutting width (kerf) was
added to the process responses, SF and MRR, as
objectives, and similar methodology were used to
reach optimal parameters as in preceding study
[11]. Sarkar et al. [13], carried out an experimental
study on optimization of Wire-EDM parameters
of γ-TiAl alloy. Cutting speed, dimensional shift
and surface roughness were considered as process
responses and process modeled mathematically
by using Response Surface Methodology (RSM).
Experimental design was based on surface centered, central composite design (CCD), and finally
Wire-EDM process was optimized by using desir1226

ability function approach and Pareto optimization
algorithm. Çaydaş et al. [14], used an adaptive
neuro-fuzzy inference system (ANFIS) approach
based on full factorial experimentation to predict surface roughness and white layer thickness
(WLT) in Wire-EDM process. The predicted results were compared with experimental results
and it was stated that this approach could improve
the process responses. Sarkar et al. [15], made another investigation similar to the preceding study
[13]. A Feed-Forward Artificial Neural Network
(FFNN) method was utilized for modeling the
process instead of RSM. Predictions of process
parameters were made in terms of the mathematical model, and optimal points were searched with
respect to machining speed, surface roughness and
minimum corner radius, which were considered
as process outputs. Obtained optimal points were
compared with experimental results. There are
very few studies in literature using Support Vector
Machines (SVM) to model WEDM process.
In this study, optimization of Wire-EDM parameters of gamma-TiAl alloy topic was investigated. Experimental design and process parameters were taken from the study of Sarkar et al. [15],
and the process modeled by using SVM methodology. Experimental results were used as training set
for the method and process parameter predictions
were made with respect to SVM model. Finally
optimal parameters were selected among Pareto
optimal points and optimum point was selected
using multi-objective optimization methodology.
2. Experimental design
Experimental design data was taken from the
study of Sarkar et al. [15], but wire offset is excluded from process responses. As it is stated in
the study and investigations of other researchers, both machining speed and surface roughness
are of importance in Wire-EDM, but on the other
hand, it is not possible to improve both of them simultaneously [3-5,7,10,13,15]. Generally surface
roughness decreases when cutting speed increases, and vice versa. Therefore the process should be
considered as a multi-objective optimization problem and modeled by using an appropriate methodology such as SVM.
Volume 6 / Number 4 / 2011
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6 process parameters were chosen as input;
Pulse on-time (Ton), pulse off-time (Toff), peak current (Ip), servo reference voltage (SV), wire tension (WT), dielectric flow rate (FR). Other factors,
that can affect test results, were kept constant [15].
And they are:
–– Work-piece size and shape : Rectangular
–– Dielectric fluid temperature : 28 oC
–– Conductivity of the dielectric fluid : 20 mho
–– Work-piece thickness : 15 mm
–– Pulse peak voltage setting : 75 V
–– Wire feed speed : 6 m/min
–– Servo feed setting : Gain of the proportional
feed is 90
–– Wire type : Ø 0.25 mm, brass
–– Angle of cut : Vertical.
Electra Supercut 734series 2000 CNC WireEDM machine was used for experiment cuts. For
each case, specified input parameter combination
was set and the work-piece machined and afterwards, cutting speed was recorded. Surfcom 120A
surface texture measuring instrument were used
for measuring surface roughness [15].
In Figure 1, Kerf denotes cutting gap which
created by wire. Overcut is spark gap between
wire and machined surface, and offset is half of
the Kerf dimension.
In this study, machining speed (mm/min) and
average RA (μm) (i.e. cutting speed and surface
roughness) were selected as process outputs (i.e.
responses). These values are specified on Table 1.
Table 1. Input factors and their levels, used for
experimentation [15]

Figure 1. Certain Wire-EDM process definitions
3. Support vector machines modeling for
wire-EDM
Support vector machines (SVM) method was
first created by Vapnik et al. [16], and it is used
for data classification and regression analysis. For
a simplest case, a training data set is given to the
SVM for analysis and recognizing patterns and
afterwards, it predicts which input point should
belong to which class by using a classifier vector.
In other words, it creates a hyperplane or set of hyperplanes in multi-dimensional space to classify
training data [16]. In Fig. 2.a there is an input data
set given for classification.

Parameters and responses can be seen in Table
2. Those experimental data will be used as training
data (75 %) and testing data (25 %) for SVM.
(a)
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Table 2. Training data for SVM
Input Parameters
Experiment
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Ton
(μs)
1.1
1.1
1.1
1.6
1.6
1.6
0.8
0.8
0.8
1.1
1.1
1.1
1.6
1.6
1.6
0.8
0.8
0.8
1.6
0.8
0.8
1.6
1.6
1.1

Toff
(μs)
14
20
30
14
20
30
14
20
30
14
20
30
14
20
30
14
20
30
30
20
14
14
14
30

Ip
(A)
120
170
220
120
170
220
170
220
120
220
120
170
170
220
120
220
120
170
170
170
220
170
220
220

WT
(gm)
900
1140
1380
1140
1380
900
900
1140
1380
1380
900
1140
1380
900
1140
1140
1380
900
900
1380
1140
900
900
900

SV
(V)
2
6
10
6
10
2
10
2
6
6
10
2
2
6
10
10
2
6
2
6
2
2
6
6

Responses
FR (kg/cm²)
7
8.5
10
10
7
8.5
10
7
8.5
7
8.5
10
8.5
10
7
8.5
10
7
10
8.5
8.5
7
8.5
8.5

Machining Speed
(mm/min)
2.67
2.15
1.38
2.24
2.12
2.08
1.84
1.69
0.98
2.1
1.56
1.78
2.58
2.56
2.25
1.69
1.14
1.07
2.24
1.14
2.1
2.9
2.87
1.65

Average Ra
(μm)
2.77
2.78
2.78
2.85
2.81
2.97
2.33
2.48
2.3
2.82
2.64
2.78
2.87
2.92
3.03
2.39
2.3
2.42
3.16
2.55
2.31
2.84
2.72
2.62

linear decision surface or optimal hyperplane is
constructed for classification [16], Fig. 2.b. An
optimal hyperplane is placed into the farthest position from the nearest training data points of any
class [16].
3.1 Optimal hyperplanes

(b)
Figure 2. (a) Two classes of data points in 2 dimensional space (b) Created optimal hyperplane
and used support vectors
The SVM, maps the input vectors (training
data) into multi-dimensional feature space by using certain non-linear mapping method. Then a
1228

In this section, certain significant properties of
optimal hyperplanes algorithm will be mentioned.
Since SVM is a well known method, some derivations and equations are not mentioned. Following
formulas are from the study of Vapnik and Cortes
[16].
Let,
.......................... (1)
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is a unique hyperplane in feature space that
separates training data with a maximal margin.
The dot between w and z term in Eq.1 denotes dot
product, and “w” is a vector perpendicular to the
optimal hyperplane.
The set of training patterns,

will be referred as “support vectors” (look at
Fig. 2). The vector “w0”, which determines the optimal hyperplane, can be also written as,
....................... (9)
where

......... (2)
is said to be linearly separable if there exists a
vector w and a scalar b such that the inequalities,
................ (3)

.

To find the vector of parameters
, . .................... (10)
the following quadratic programming problem
should be solved,
.................. (11)

. ............. (4)

with respect to

are valid for all elements of training set, Eq.2.
The inequalities, Eq. 3 and Eq. 4, can be also written as following,
............ (5)
“1” and “-1“ in Eq.3 and Eq.4 define data classes. For example, “1” term defines class of square
data points, and “-1” defines class of circular data
points in Fig.2.
The optimal hyperplane, Eq. 1, determines direction w / IwI where the distance between the
projections of the training vectors of two different
classes in maximal [16]. The distance is given by,

....................................... (6)
The optimal hyperplane (w0,b0) is the arguments that maximize the distance, Eq. 6. From Eq.
5 and Eq. 6 it can be written that,
................. (7)
That is the optimal hyperplane is a unique
plane that minimizes “w.w” with subject to the
constraint, Eq. 5. Thus creating an optimal hyperplane is a quadratic programming problem. Vectors, for which,
........................ (8)
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, ...................... (12)
and subject to constraints below,
, ............................... (13)
. ............................ (14)
where 1T=(1, … ,1) is an l – dimensional unit
vector, YT=(y1, … ,yl) is the l – dimensional vector
of labels, and “D” is a symmetric l x l matrix with
elements,
. ...... (15)
Eq. 13, describes the non-negative quadrant.
Thus, Eq. 11 must be maximized in the non-negative quadrant, which is subject to Eq. 14.
When training data, Eq. 2, can be separated
without errors following relationship between
the maximum of the functional, Eq. 11, the pair
(Λ0,b0), and the maximal margin ρ0 from Eq. 7 can
be established,
.......................... (16)
Also, if the inequality,
, ......................... (17)
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is valid for certain “Λ” and “W0” , it can be said
that all hyperplanes that separate the training data,
Eq. 2, have a margin,
............................. (18)
In this section, the training set, Eq. 2, was easily separable, but there are many cases that cannot
be separated by a hyperplane or cannot be separated without error.
To overcome these challenges several methods
were created, such as “Soft margin” and “Nonlinear classification (kernels)”.
There are 4 types of kernels for SVM, and
they are: Linear, Sigmoid, Radial Basis Function
(RBF) and Polynomial. These are well known kernel types therefore they will not be derived here.
3.2 Radial Basis Function (RBF) Kernel
There are several kernels for SVM, and Radial
Basis Function (RBF) kernel is one of the mostly
used kernel types.
The RBF is able to map samples into a multidimensional space through a non-linear manner.
Thus when the relationship between class labels
and attributes is non-linear, the RBF kernel is better to use than linear kernel. Also, the number of
hyperplanes increases the complexity of problem.
In that case, polynomial kernel is not an appropriate choice, because the polynomial kernel contains more hyperplanes than RBF, and therefore it
makes the problem more complex [17].
Consequently the RBF kernel is a convenient
tool for modern machine learning methods such
as SVM.
3.3 SVM modeling for Wire-EDM
In this study, the SVM method is used with
Radial Basis Function (RBF) kernel type. For
modeling Wire-EDM process, the training set data
was taken from Table 2, and it was analyzed for
relationships between input set and output set by
SVM algorithm. There are six parameters used for
inputs, and there are two parameters used for out1230

puts (responses). The training data consists of 18
different experiments.
After SVM modeling, it was found that there
was 85.6 % correlation between 6 input parameters and machining speed, and it was also found
that there was 91.4 % correlation between the input parameters and surface roughness (or average
Ra). By using established model, process responses were predicted, and it was calculated that relative error was 0.541 % for machining speed, and
0.194 % for surface roughness.
The SVM model has been compared with the
training set values. To calculate prediction error, a
very well known formula was used from numerical analysis. The error formula is below, and calculated errors can be seen in Table 3.

...................................... (19)
4. Parametric optimization through svm
modeling
Modeling of Wire-EDM process was realized
by using SVM methodology. Depending on SVM
model, responses of the process were predicted
with respect to input parameters, and relative errors were calculated as mentioned in preceding
section.
To improve predictions all input parameters
were divided into 5 levels. Table 4 shows the value
of parameters for each level. This operation generated extra 15625 input combinations (56 = 15625)
[15].
Then SVM model was used to predict the responses of these new generated input data. Obtained
data points were placed into a graph as shown in
Fig. 3.a. In Fig. 3.a, while the machining speed varies between 0.643 mm/min and 3.029 mm/min, the
surface roughness varies between 2.342 μm and
2.814 μm with respect to SVM model.
After predictions, 27 optimal points were selected, including the minimum point and the maximum point in machining speed direction, Fig. 3.b.
This selection was made considering minimum
surface roughness. This is done due to dependency of output values.
Volume 6 / Number 4 / 2011
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Table 3. Prediction errors for SVM
Experimental Responses

Predicted Responses

Prediction Error (%)

Machining
Average Ra
Machining
Average Ra
Machining
Average Ra
Experiment
(μm)
Speed (mm/min)
(μm)
Speed (mm/min)
(μm)
Number Speed (mm/min)
1
2.67
2.77
2.5701
2.6702
3.7409
3.6017
2
2.15
2.78
1.8685
2.6800
13.0932
3.5986
3
1.38
2.78
1.2801
2.6796
7.2398
3.6101
4
2.24
2.85
2.4033
2.8826
7.2919
1.1423
5
2.12
2.81
2.0196
2.9100
4.7342
3.5573
6
2.08
2.97
2.1801
2.9979
4.8120
0.9396
7
1.84
2.33
1.7395
2.4302
5.4625
4.3009
8
1.69
2.48
1.7905
2.4893
5.9448
0.3738
9
0.98
2.3
0.8797
2.4004
10.2311
4.3657
10
2.1
2.82
1.9997
2.7197
4.7770
3.5558
11
1.56
2.64
1.6604
2.6515
6.4345
0.4372
12
1.78
2.78
1.6799
2.7107
5.6252
2.4922
13
2.58
2.87
2.5443
2.9036
1.3855
1.1702
14
2.56
2.92
2.4877
2.8878
2.8250
1.1030
15
2.25
3.03
1.6223
2.8543
27.8990
5.7999
16
1.69
2.39
1.6585
2.4855
1.8651
3.9941
17
1.14
2.3
1.2402
2.3999
8.7919
4.3449
18
1.07
2.42
1.1699
2.5199
9.3391
4.1285
19
2.24
3.16
2.2388
3.0597
0.0532
3.1726
20
1.14
2.55
1.2682
2.4815
11.2488
2.6859
21
2.1
2.31
2.0284
2.4106
3.4112
4.3533
22
2.9
2.84
3.0268
2.8893
4.3727
1.7369
23
2.87
2.72
2.7703
2.8197
3.4745
3.6658
24
1.65
2.62
1.5609
2.7097
5.4020
3.4236

Table 4. Chosen extra input parameters
Parameters
Ton (μs)
Toff (μs)
Ip (A)
WT (gm)
SV (V)
FR (kg/cm²)

Levels
Level1
0.8
14
120
900
2
7

Level2
1
16
140
1020
4
7.75

In other words maximizing machining speed
also increases surface roughness. These two outputs obviously conflict with each other therefore
there is no single input parameter combination to
maximize both of them. In consequence, this issue
should be treated as a multi-objective optimization problem. Selected points can be also seen at
Fig. 3.c, and their input parameters can be seen at
Table 5.
Volume 6 / Number 4 / 2011

Level3
1.2
19
160
1140
6
8.5

Level4
1.4
24
180
1260
8
9.25

Level5
1.6
30
220
1500
10
10

From Fig. 3.b, it was observed that there is no
significant change in surface roughness until it
reaches a value corresponding 2.222 mm/min machining speed. After this point surface roughness
tends to increase with machining speed.
From Table 5 it can be interpreted that the relationship between machining speed and surface
roughness are linear. Although the slope of data
points decreases after 2.222 mm/min machining
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(a)
(b)
(c)
Figure 3. (a) Surface roughness vs. machining speed graph (b) Selection among predicted points (c)
Selected optimal points
Table 5. Selected optimal points and corresponding input parameters
Input Parameters

Responses

Machining Speed
Optimal
Ton (μs) Toff (μs) Ip (A) WT (gm) SV (V) FR (kg/cm²)
(mm/min)
point
1
1.6
14
160
900
2
7
3.0289
2
1.6
14
220
900
2
8.5
2.9585
3
1.4
14
180
900
2
8.5
2.8474
4
1.4
14
220
900
2
10
2.7656
5
1.2
14
220
900
2
8.5
2.6592
6
1.2
14
220
900
2
10
2.6072
7
1
14
220
900
2
8.5
2.4678
8
1
14
220
900
2
10
2.4239
9
0.8
14
180
900
2
7.75
2.2665
10
0.8
14
220
900
2
10
2.2224
11
0.8
14
220
1020
2
10
2.1056
12
0.8
14
220
1020
4
10
2.0310
13
0.8
14
220
1140
2
10
1.9673
14
0.8
14
220
1260
2
10
1.8122
15
0.8
16
220
1260
2
10
1.7498
16
0.8
14
160
1260
2
10
1.6836
17
0.8
14
120
1260
2
10
1.5750
18
0.8
14
220
1500
2
10
1.4759
19
0.8
14
160
1500
2
10
1.3172
20
0.8
14
140
1500
2
10
1.2602
21
0.8
14
120
1500
2
10
1.2035
22
0.8
19
120
1500
2
10
1.0960
23
0.8
30
120
1500
2
9.25
0.9449
24
0.8
30
120
1500
2
10
0.9244
25
0.8
30
120
1500
6
10
0.7734
26
0.8
30
120
1500
10
10
0.6502
27
0.8
30
120
1500
10
9.25
0.6430
1232

Average Ra
(μm)
2.8979
2.8147
2.7756
2.6954
2.6112
2.5841
2.4945
2.4647
2.4356
2.3416
2.3535
2.3729
2.3660
2.3789
2.3936
2.4012
2.4055
2.4036
2.3949
2.3880
2.3794
2.3786
2.3684
2.3668
2.3656
2.3595
2.3606
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speed, the linear behavior maintains. Now, optimal
parameters for desired machining speed or surface
roughness can be found with the help of Table 5.

Results for ANN model :
The results in the study of Sarkar et al. [15], for
2.4 μm α value, are as follows;

5. Comparison of svm and ann
Following optimization problem used in the
study of Sarkar et al. [15] is solved to compare
SVM and ANN:
Maximize cutting speed,
......... (20)
Subject to,
. ............................. (21)

and corresponding machining speed was 2.36
mm/min. when the nearest surface roughness value was 2.39 μm.
Although the input parameters are approximately close to each other (ANN and SVM results), the
obtained machining speed is obviously different.
This difference is because of different structures
and approaches of SVM and ANN models.

................... (22)
. ................. (23)
................... (24)
...................... (25)
. ............... (26)
. .................. (27)
where α is maximum allowable “Ra” value,
and should be selected possible “Ra” value range.
That is, α should be a value between 2.342 and
2.898 μm. There is no need to use a computer program to solve this optimization problem because
there should be only one process parameter combination for a desired “Ra” value.
Let desired “Ra” value is α = 2.4 μm, then corresponding process parameters will be as follows,
Results for SVM model :

And corresponding machining speed is 1.3172
mm/min. when the nearest surface roughness value is 2.3949 μm.

Volume 6 / Number 4 / 2011

6. Conclusion
In this study, optimization of Wire-EDM process parameters of gamma titanium aluminide alloy
has been investigated. To achieve this goal, SVM
method has been utilized to model the process. 24
experiment parameters and their responses, namely
machining speed (Vc) and surface roughness (Ra),
have been used as training data for the SVM method. Then a mathematical model of Wire-EDM of
γ-TiAl alloy has been created with respect to the
data, and afterwards certain process output predictions have been made. Minor relative error values
and high correlation between input parameters and
process responses were found after predicted results and experiment results had been compared.
Later, input parameters have been divided into five
levels to create extra 15625 predictions for better
optimization. Due to conflicting responses, machining speed and surface roughness, 27 optimal combinations have been selected in place of a unique
optimal point. It was found that machining speed
and surface roughness have an approximately linear relationship. Even though the slope of this linear
relationship decreases after 2.222 mm/min “Vc”
value, it maintains the linear behavior.
Also, these findings have been compared with
the study of Sarkar et al. [15], and it was found
that SVM method is effective as much as traditional optimization methods such as ANN.
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Abstract
The implementation of eLearning systems,
based on Community of practice, is recognized as
a significant potential that can lead to effective social learning. In order to investigate the effects of
social learning and the relationship between technology of social software and eLearning, we have
created Scope - the project of developing Student
Community of practice. Scope should provide a
sustainable eLearning environment for students
and other members of the community where free
exchange of knowledge is stimulated between
members. In our opinion and according to related
research, trust is recognized as the key success
factor for such kind of systems. Therefore, in this
paper we present the results of research of trust
elements in the community. Based on results of interviews with members of community, we describe
trust determinants as well as an algorithm for their
calculation. Special part of the paper is dedicated
to description of Scope community characteristics
and way of implementing trust factors.
Key words: eLearning, community of practice, online social community, social networking.
Introduction
During the last ten years, electronic learning (eLearning) has evolved from a radical idea
whose effectiveness was yet to be proven – to the
widely accepted concept, which has become an
indispensable part of the business plans of many
companies, as well as standard service offered by
most modern universities. Learning management
systems (LMS) [1] represent dominant form of
current eLearning systems. Within these systems
Volume 6 / Number 4 / 2011

learning materials are organized in a standard way
- in the form of online courses, which are composed of modules and lessons and are supported
by tools of knowledge evaluation, such as quizzes
and tests. Well-known companies in this area, such
as WebCT, Blackboard, Moodle, have thousands
of installations of their learning management systems at universities, used by tens of thousands of
students and their professors.
Despite the enormous technological progress,
these systems, from the standpoint of learning theory, have brought nothing revolutionary. Traditional
theories of distance learning, such as Transactional
distance, in which Michael G. Moor describes the
relations that exist between the spatial and/or time
distanced students and teachers [2] are simply
adapted for the online environment. Content is still
organized according to the traditional model and is
presented either completely in the online form or
in combination with conventional, existing classes.
The courses are developed based on established
plans and are generally organized for groups of students led by teachers in appropriate terms. In addition, eLearning systems are based on the assumption that learning is an individual process that has a
beginning and an end, that is a result of teaching and
is best carried out in isolation from other activities
just like Wenger claims at the beginning of his book
in 1998 [3]. On the other hand, according to well
known theory of Vygotsky, social and cultural factors have an important impact on the development
of an individual [4]. Namely, the undeniable fact is
that people constantly learn from other people in
their environment. A similar theory, called ‘Situated
Cognition’, is set by Lave and Wenger [5] in which
they created the concept of Community of practice
(CoP). Learning, as stated in the Wenger’s vision of
CoP [6], is achieved mainly through social activity.
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On the basis of these facts it can be concluded
that the current eLearning systems are more adapted
to the needs of institutions rather than to the needs
of students or users of such systems and that they
don’t have social character. Therefore, this approach
to learning, which is currently present in practice, is
not the most efficient way to acquire knowledge, especially if one takes into account the trends of using
the Internet as a platform for eLearning.
One of the trends is related to the emergence
of social software, enabling the transformation of
the so-called classical ‘Read Web’ to ‘Read-Write
Web’, which is fully in line with the original vision of Tim Berners Lee [7]. Social software, in
the literature often referred to as Web2.0, as well
as changes in way of using the Internet, implied a
series of inter-related trends in the field of education, the economy and society such as the development of online social networks, the development of
e-lance economy, Life Long Learning, Long Tail of
products and knowledge as well as many others.
Communities of practice, according to their
characteristics, offer excellent prospects in the
field of eLearning by promoting an element that is
missing in actual learning systems - social learning. In addition, CoP can meet the requirements
of innovative visions of education, professional
development aimed to flexible employment and
social trends through a process of knowledge sharing and collaboration with community members.
For this reason, we have run a project of developing Student Community of Practice – Scope, in
order to explore the effects of social connections in
the educational process within the eLearning systems. Special emphasis is put on testing the sustainability of the idea of free exchange of knowledge
and resources within the university population that
makes a community. In fact, we believe that the key
success factor of sustainability of such kind of the
community is trust. By recognizing the elements of
trust as well as implementation of algorithms for
their calculation in the eLearning system based on
CoP we expect to gain a new quality applicable to
e-lance economy. This way, a combination of trends
and initiatives will allow not only closer linkage of
the professional and educational spheres, but also
a completely different approach to processes and
functions of universities. This paper presents the
first results of the trust elements research in eL1236

earning system based on CoP, and the manner of
their implementation within the Scope in order to
achieve the effects of the sustainability of community of practice through connectivity with certain
economic categories.
The paper is organized as follows. The theoretical basis of CoP as well as Virtual community
of practice (VCoP) is presented in the first part of
the work. The second part contains analysis of key
success factors of CoP based on previous research.
In the third part of the paper the concept of trust is
introduced as a key prerequisite for the use of such
systems in the e-lance economy. In particular, the
trust elements as well as algorithms for their calculation are analyzed. Then, the main characteristics of Scope community are presented as well
as the way of implementation of calculated trust
elements into evolutionary and shared profile of
community members. At the end of the paper, we
present the results of the research of using CoP
in eLearning systems and definitions of trust elements in the form of conclusions, and define some
future steps in this research field.
Community of Practice - CoP
The term Community of practice has only been
recently in use although the phenomenon is present from the foundation of mankind and their need
to learn in the community. It turns out that this concept is a useful perspective in the field of knowledge and learning. Recently, there are a number
of people and organizations in different sectors,
which focus on CoP as a key for the improvement
of their performance [8].
What is CoP?
According to Wenger and his theory of learning
within the community, learning is a social process,
so it can be seen through the involvement and contribution of each individual to community, which
he belongs to. The basic assumption of the theory
of CoP is that the engagement and involvement
of individuals within the community is the basic
process through which people learn and become
what they are [5].
Volume 6 / Number 4 / 2011

technics technologies education management

CoP could be defined as a group of people who
have common interest, problem or passion in a
particular domain and who want to gain knowledge in the appropriate area or expand existing
knowledge to specialize in a particular area [6].
Participation in community is voluntary and open
to all who are interested in a given area or topic.
Community development is based on mutual interest and interaction of participants, which means
that it is impossible to create a community without
the active participation of people [3].
Community can be considered as CoP if it is
formed around the corresponding domain, has an
interactive community and owns divisible knowledge and experience, while basic features can be
explained as follows (modified from [9]; [10]):
–– Domain – CoP has an identity defined
by divisible domain that represents the
interests of all members. Membership in the
community implies a commitment to the area
and therefore a certain level of competence
in a given area that make members of the
community different from other people.
The aim is to improve knowledge of the
whole community through the exchange of
knowledge in a defined area.
–– Community - To fulfil their interests in the
domain, members of the community join
together and through their activities and
discussions share information and help
each other. They build relationships that
enable them to learn from each other. Web
site is not a CoP itself. Also, the same job
or the same position does not make CoP,
unless members of the community have the
opportunity to learn from each other through
interaction and thereby advance.
–– Practice - CoP is not only a Community of
Interests or people who, for example prefer a
certain kind of films. Community members
are practical experts. They develop shared
resources such as experience, ways to solve
specific problems that often occur, in a brief
and divisible way. This requires time and
sustainable interaction. Exchange of shared
experiences should be more or less selfconscious.
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Virtual Community of Practice (VCoP)
With the development of online tools that allow
people to exchange ideas in a virtual environment,
the concept of face-to-face community is enriched
and expanded with virtual interactions. These online
communities could include people who know each
other and share the same living space but at the same
time are able to communicate on an international
level with anonymous participants. Such communities are called online or virtual Communities of practice and include the online platform in which people
share their knowledge and interests in a virtual basis
or through online communication in the appropriate
domain. In this case, communication and sharing of
knowledge is supported by software tools, which
are often called social software, shown in Figure 1.
These tools enable cooperation and collaboration
without time and geographical constraints, which is
considered a key factor for Learning on Demand and
Just in Time learning as the characteristics of CoP.

Figure 1. Relationships between the CoP and VCoP
From the standpoint of technological requirements, VCoP can be realized through the appropriate Web site with implemented services for collaboration and administration of members, shared work
space, shared document repository, search and the
creation and management of communities. Considering these requirements, the conclusion is that by
social software, almost all the listed requirements
for implementation of VCoP could be realized.
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Key success factors of CoP
Currently, there are not many eLearning environments based on VCoP despite very obvious
advantages that they offer. One of the reasons is
that the idea is relatively new and the technological conditions for its realization have only recently
been created. On the other hand a concept of free
exchange of knowledge and the process of social
learning is in contrast with the principles of market economy. Nevertheless, the interest for this area
is increasing, as can be concluded considering the
activities of many organizations in Europe that are
engaged in the study and analysis of VCoP, such as
Eurostat, Eurydice, IEA, Eurobarometer, EC projects. In this context the European Commission has
also proposed that the ERA (European Research
Area) should be structured through a network of
clusters of research and innovation. In doing so
their work should be promoted through a VCoP
and the integration of activities and resources from
different locations in Europe [11]. This way, it is
indicated that the VCoP is recognized as a powerful

tool for networking and joint activities of researchers and students from all over the world.
Successful implementation of eLearning system
in the VCoP environment requires the analysis of
the costs and benefits of VCoP, as well as determining the key factors of success as a precondition for
the sustainability of such systems. Certain research
on this subject already exists. In their paper, Gannon-Leary and Fontainha presented systematized
advantages and disadvantages of integration of online communities for learning and CoP. The results
of their analysis are presented in Table 1.
The influence of some factors may be different
and depends, in our view, on the community concept that was applied during the implementation
as well as goals to be achieved.
The concept that we present in this study is
based on the implementation of economic mechanisms and principles in the VCoP intended for
eLearning. Members of the community, by using
services available in community (chat, IM, blog)
share educational resources (experience, knowledge, problems and solutions, tools and method-

Table 1. Benefits, Barriers, CSFs of implementation eLearning systems in VCoP environment [11]
•
•
•
•
•
•
•
•
•
•
•
•

Benefits
Enhanced learning
environment
Synergies created
Capabilities extended to
higher level
Knowledge sharing &
learning
Gaining insights from
each other
Deepening of knowledge,
innovation & expertise
Cyclical, fluid knowledge
development
Feeling of connection
Ongoing interactions
Assimilation into
sociocultural practices
Neo-apprenticeship style
of learning
Identity development and
formation
Practice-based usage
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Barriers
Perpetuation vs. Change
and diversity
Disciplinary differences
Culture of independence
Tacit knowledge
Transactive knowledge
Specialist language
Collegiality, strong
physical community
Shifting membership
Creating and maintaining
information flow
No F2F to break the ice
Read-only participants
(formerly lurkers)
Hidden identities, adopted
personas
Lack of trust – personal
and institutional
Selectivity in ICT use
No body language,
misinterpretations
Task-based usage

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

CSFs
Good use of Internet standard
technologies
Technological provision
ICT skills
Institutional acceptance of ICTs as
communication media
Good communications
Trust
Common values
Shared understanding
Prior knowledge of membership
Sense of belonging
Cultural awareness
Sense of purpose
Sensitivity in monitoring,
regulating, facilitating
Netiquette
User-friendly language
Time to build up the CoP
Regular interaction
Good coordination to achieve
regular but varied communication
Material resources or sponsorship
to bolster and build up the
Community
Volume 6 / Number 4 / 2011
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ologies). Such knowledge sharing through communication in the community leads to accumulation of knowledge of each individual and thus the
community at large.
In such system, the question that could always
be asked is: what is the reason for anyone to spend
their own time creating and improving certain materials for teaching or answering questions of community members through presenting their own experiences, or invest any effort in that community?
The SCoPE community members, through free
exchange of knowledge and activities demonstrate
their skills and thus may be better positioned in
community. In fact, all activities of the members are
under review of the rest of the community as such
become part of their dynamic e-portfolios. On the
other hand, e-portfolio of each member is available
to companies and organizations that represent a significant factor in the whole concept as they are the
bearers of the employment process and initiators of
research ideas. Undisputed fact is that the companies are always looking for talented students and
CoP of this type is the perfect online market because
the community itself determines the best candidates.
In addition, the companies require whole teams for
the implementation of certain projects, and CoP is
a source of accumulated links between members in
the respective domains so that it is the best environment for the realization of their business.
This way, activities in the community and accumulated knowledge become part of a much
broader initiative that could significantly change
the whole society and is fully compatible with
modern employment concepts, such as freelancing and project-hiring, rather than permanent employment. The community we have created gives
the opportunity for individuals to network with
other people, who are interested to employ or be
employed, to share and use knowledge, to assess
themselves and be subject to evaluation. Members
of the SCoPe community are presented through
helping other people as well as through sharing
information, thus increasing their ratings. For this
reason, knowledge sharing and collaboration are
becoming a source of competitive value that individuals create in relation to others.
A key factor of sustainability and therefore
the success of such communities, obtained on the
basis of the analysis of the results of interviews
Volume 6 / Number 4 / 2011

of community members as well as external factors such as economic mechanisms in community,
is trust. Introducing trust into VCoP can lead to
a closed system that relies on social learning and
connecting people. Very important for successful
implementation of sustainable eLearning systems
in environment of VCoP, is the implementation of
algorithms for calculation of elements of trust in
all members of the community. The aim of the implementation of algorithms for measuring trust in
the SCoPe community is to reduce the risk within
the system in selecting sources of knowledge and
to use the confidence accumulated through the activities of the community as an important resource
in e-lance economy.
Trust factors for eLearning
The notion of trust in the eLearning system
based on VCoP is directly related to the problem
of selecting most reliable sources of knowledge
when searching for help in the community as well
as the selection of the most relevant partners for
project implementation if the search is carried out
for business purposes. In fact, the main issue is
how members of the community choose a source
of information in VCoP we have described. There
are a lot of parallel researches with the aim of determining the crucial factors for selection of human information source. Borgatti and Cross [12,
13] have found that the probability of seeking
information from other sources is a function of
relevance of the source, possibility to access the
source’s skills and the will of the source to assist
in solving problems. On the other hand Bornhard
and Sasse [14] analyzed the problem of selecting
the appropriate person in the objective domain vs.
taste domain. In the model they developed, advisor expertise is the only factor that influences the
source selection within the objective domains.
The part of the model that refers to the taste domain contains many more factors such as risk, past
experience of the source as well as source reputation. Beside recognized factors, whether source
of information is known or unknown personally
is also an influential factor. In the taste domain,
an interesting work is Golbeck and Hendler [15],
which combines social network and derived rela1239
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tions of trust and reputation within their Filmtrust
system. This approach is useful because it allows
calculating trust based on the reputation of interconnected individuals who do not have to know
each other personally.
Based on the results of the existing research,
although related to different domains, it may be
concluded that the relevance of the information
source is a constant factor when searching within
the community. On the other hand, studies of specific factors of trust in the eLearning system do not
exist explicitly, so it is necessary to consider those
factors from the aspects of the specific characteristics of such systems.
To find answers to how people choose a source
of knowledge in the eLearning system based on
VCoP, beside from analysing the existing research studies we have performed related empirical research. The aim was to identify mechanisms
of seeking help in systems for free exchange of
knowledge, the elements of trust that have influence in choice of sources of knowledge and
whether knowledge about knowledge accumulated in this way can be the relevant social capital.
This research consisted of interviews where
current and potential members of the community
were presented a scenario of eLearning system.
Participants of the interviews were asked to describe the way they choose sources of information
when searching for help in the community and
which factors are decisive when choosing a business partner from the community.
Analysing the results of the interviews it was
concluded that the notion of trust as a decisive
factor for the sustainability of communities is
somewhat different from previous views. Among
different trust elements, registered within the research, two of them stand out as dominant:
–– The relevance of the source, which could be
interpreted as individual knowledge and
–– Reputation the source has within the CoP.
Trust = f (Relevance, Reputation)
Similar results have been achieved in Borhard
and Sasse study [14] but the analysis of the results
of their interview revealed that our definition of
dominant elements differ from their approach.
Therefore, the main aspect of this research
will be focused on the analysis and implementa1240

tion of algorithms for calculating the recognized
trust factors as elements of evolutionary and divisible profiles of the members of the community. In
the remainder of the paper, the algorithms for the
evaluation of trust [16; 17; 18] will be presented,
which take into account the identified attributes
(relevance, reputation) and generate a corresponding measurable level of trust as the basis for the
realization of information retrieval within CoP.
In addition to the implementation of mechanisms
for calculating trust, the system should enable the
search and extraction of relevant members of the
network from a wide range of available resources
as a good basis for the learning process and complex social relations.
Relevance
The relevance of the source is the individual
characteristic of each member of the community
and it is the result of member’s work in the particular domain in both the community and beyond.
Algorithm for calculating the relevance applied
in this paper is based on the work of Kautz et al.
[17] and Mika [19] that deal with social network
extraction in a community. Namely, Kautz in
his work ‘Referral Web’ explored co-occurrence
names on web pages using search engine while
Mika defined a method for determining whether a
particular person is associated to a certain concept.
Both studies have used Jaccard’s coefficient which
has been modified for the purposes of this study
to calculate the relevance of each member of the
community in a given domain. Namely, relevance
of the community member M in domain D can be
calculated by the number of Web pages or documents in which the domain name and the name of
community member appear together. The assumption is that the community member is relevant for
a certain domain if the number of pages on which
they appear together is large. The number of documents in which the name of the member of the
community (M) and the domain name (D) appear
together |M Ç D| is obtained by setting the query
“M and D” to a search engine. In addition to this
query it is necessary to create another query “M or
D” in order to receive |M È D| number of documents in which these terms appear separately. The
Volume 6 / Number 4 / 2011
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level of relevance of M in relation to D can be calculated using the Jaccard’s coefficient |M Ç D| /
| M È D|. Given that in practice the divisor can
be much higher than denominator especially for
the popular or famous persons it is necessary to
modify the divisor as min(|M|, |D|). This way, the
relevance Re of the community member M in domain D could be calculated:
Re(M, D)=

|M ÇD|
min(| M |, | D |)

When calculating the relevance of the sources
in a specific domain, attention should be paid to
the weaknesses of this approach. Firstly, certain
experts do not have all their papers published on
the Web so it can affect the quality of search and
the results when calculating relevance. On the other hand the names of the domains have different
synonyms so that it can affect the results also. This
deficiency can be resolved through the introduction of appropriate ontologies which will be the
subject of future research.

tivities. Such members must be recognized in the
community and they should be subject to claims
of external factors, who are interested in business arrangements. External factors, individuals
or companies, are the factors of sustainability of
such systems.
Activities of community member mean defining
and setting appropriate learning materials as well as
answering questions, posting comments and guidance of members of the community in general. In
addition, each activity is subject to assessment of
other community members who make judgments
about whether a particular activity was of help or
not. In order to obtain the objective picture of the
source reputation, each assessment is in relation to
the reputation of a community member who has
given an assessment. So members with a higher
reputation in the community have greater weight in
the evaluation of other members. Source reputation
in one activity (Ra) is derived from the PageRank
algorithm and could be presented as follows.

R as

∑RRp
=
∑Rp
iÎM
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Reputation
The main feature of the presented concept is
that the exchange of knowledge is free so that the
decisive factors for the success of community are
the sources who want to help and who are aware
of the benefits of provided assistance. For this reason, in this case objective opinion of the community about the activities of the source and the quality of source’s activities is most important rather
than personal opinion of each individual.
The reputation of the source in this concept is
a function of all activities as well as the quality of
activities of each member of the community in a
given domain. Given that the community stimulates free exchange of knowledge, it is necessary
to develop a mechanism that will allow members
of the community who have the knowledge and
want to really help other members of community,
to have a specific benefit from this engagement.
It applies to members of the community that do
not have much knowledge but want to learn and
develop within the community through daily ac-

i

M represents the set of all members of the community who have rated the activity, Rp is the reputation of the member who made assessment and R is
activity rating. Overall reputation of a member of
the community is represented by the sum of reputations of all activities he had in the community:

R ps =

∑Ra
aÎ A

s

a

In formula A is the set of all the activities of one
member of the community and a is total number
of activities. The number obtained in this way is
the average reputation of one member.
In addition to these parameters, the reputation
of the community member is a function of time or
period in which activities are performed. In fact,
the introduction of the time factor prevents the
possibility that some members of the communities reach a high reputation in a short period of
time based on their activity and keep high ranking
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even after being inactive. Introduction of time as
a reputation factor requires members of the community to constantly be active and to maintain
a certain quality of their activities in order to be
highly ranked in the community. This approach allows students who have been active from the start,
but with low quality of their activities, to achieve
a better position in the community as their knowledge is growing in the course of time.
Thus, the community member’s reputation is a
function of the number of activities, the quality of
activities assessed by other members of the community, the reputation of members that have made
an assessment as well as the time in which activities are implemented.
ScoPe
In order to realize the presented concept of
eLearning, the University of Nis has developed
a special environment, a VCoP called SCoPe (a
student community of practice), which enables
interaction between members of the community
and knowledge sharing by using social software
technology. Communities on the one hand supports formal learning through a connection to
the existing eLearning system (in this case it is
Moodle software platform for eLearning). On the
other hand, informal learning is stimulated in the
community through simple communication and
cooperation with community members regardless
of whether they are students, teachers or representatives of institutions.
Community members represent and express
themselves by helping others, through their activities in the community and sharing information,
thus becoming more valuable. This is why knowledge sharing is becoming a source of new personal competitiveness. SCoPe community allows
each member to connect with other members and
resources, to share and use knowledge, to assess
and be subject to assessments of others, and based
on that, employ or to be employed. This way, activities in the community and accumulated knowledge become part of a much broader initiative that
could significantly change the whole society and
is fully compatible with modern employment concepts, such as freelancing and project-hiring, rath1242

er than permanent employment. The concept is a
huge potential for the entire university, especially
in the part of connecting potential employees and
companies from around the world that have a need
for them.
Technology
The choice of technology for creating SCoPe
community, is guided by the following requirements: ease of use, flexibility, ability to adapt to
user requirements and a simple and effective communication between users of the system. We have
analyzed several solutions - from developing new
software product to the implementation of the
system using open source solutions. Analyzing
the available products in the field of management
courses (Course management system), such as
Sakai, content management systems like Joomla
and TikiWiki, we decided to use Elgg platform
for the development of online communities. The
choice is common sense if you take into account
that the aim of the system is to support informal
learning by studying in the community.
Using Elgg platform we have developed a
community that is oriented towards solving of
concrete problems. Students are organized into
small groups specializing in the particular field
within which they exchange materials, ideas and
experiences or ask specific questions and present
the problems they encounter in their work. For the
solution of concrete problems, students use email,
chat and other communication tools such as wiki,
blog and forum. In addition, SCoPe platform is
completely open type and it allows the community to connect with existing systems for eLearning,
such as Moodle (Figure 2), which was one of the
conditions of implementation.
The main feature of SCoPe community is full
orientation towards the users and the support to all
the requirements of shared learning through the development of a personal environment for learning.
This environment may be defined as a system or
concept that helps students to control and manage
their own learning process. This way, students can:
Define learning objectives
–– Manage the learning process and the
necessary facilities
Volume 6 / Number 4 / 2011
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–– Communicate with other members of the
learning process
and thus achieve the planned objectives.
In addition to the presented advantages, Elgg
platform supports FOAF representation. FOAF
[20] is a extremely popular ontology of the Semantic Web [21]. Basically it is a dictionary that
allows users to create and link statements about
other people with whom are related in some way.
Within the SCoPe project, FOAF ontology will be
used to present information about the members
of the community, their activities as well as the
trust measure based on the described algorithms.
In order to indicate the level of trust for community members, it is necessary to create a special
scheme which will be the extension of FOAF ontology. This extension, as well as the implementation of trust factors using the FOAF, will be the
subject of our future work in the project SCoPe.
Risk factors
The development of the eLearning concept
based on VCoP requires analyzing the risks that
affect their implementation. The main problem for
the implementation of such systems is the time
needed to form a community. Namely, as in every
social community, it takes a lot of time to create a
critical mass of members of the community who
can function in a qualitative way. Implementation of the environment for the development of
community of practice is just the beginning and
prerequisite of its establishment. CoP begins its
life just when people connect through the domain
community and begin to actively work within
them. Survival and maintenance of community
is possible only if all members have clear and
achievable interests and are focused on achieving common goals. In addition, crucial is the way
in which members perceive the community, how
much time they spent in community activities and
whether the community is able to evolve over
time. First of all, people need to realize and feel
that the community is helpful and able to respond
to their needs. Otherwise they will probably leave
the community and will never return. Therefore,
each domain community within the SCoPe must
Volume 6 / Number 4 / 2011

be guided by a carefully selected leader who has
to drive community members, to be focused on
short-term and long-term goals and in doing so if
necessary raise the energy of the community by
posting new events and activities.
In addition to these facts, for the success of
this community, it is necessary and appropriate to
prepare a marketing plan that will allow potential
customers to hear and be informed about the goal
of the community.
As most of the similar systems that are based
on trust, the SCoPe community also suffers from
the bootstraping problem. Namely, reputation that
is an important factor of trust, is calculated based
on the activities of members in the community. In
the early stages of its existence, it is very difficult
to calculate this values. Because trust in our case
is a function of two factors, one of which is relevance, which is not directly related to the activities
in community, we propose that problem of bootstrapping can be solved by calculating trust only
on the basis of relevance. Of course, this approach
can be problematic, because the described concept
also points the reputation of community members
as an objective attitude of the community towards
the individual. Anyway, the emphasis is on the
free exchange of knowledge that will contribute to
creating a completely new kind of benefits in the
labor and project markets.
One of the important issues is certainly the
security of the community. Should access to the
community be allowed to anyone or the users who
are not registered should be allowed only to get a
preview? In our case, the users themselves manage the security, by using the implemented mechanisms for defining the level of safety at every organizational level of the community. According to
this, it is possible to organize the creation of public, as well as private spaces between members. In
addition, an unlimited number of groups can be
formed, which can have their own private space to
share files, discussions and other activities.
Conclusions and Future Work
This paper represents a part of the research results, realized within the SCoPe - project of developing a VCoP of students at the University of
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Nis, dedicated to eLearning. In previous phases
of the project, a personal learning environment
based on the Elgg software has been implemented, in order to enhance and improve the process
of social learning in the students’ community. For
this purpose, students have been provided with
many services, such as weblog, chat, forum, online community that can be formed around different domains, the digital identity of each user,
a mechanism for searching for learning materials,
as well as other members of the community based
on social tagging. The concept of social learning
within the project Scope is based on the free exchange and sharing of knowledge. Given that this
is in contradiction with the current market model,
the viability of the concept is based on the inclusion of business factors that can search the community in order to find deficient human resources,
necessary for the implementation of various business projects.
As a key factor of success of such communities, we have identified trust. Hereby, the notion of
trust refers to the choice of sources of knowledge
within the community as well as the selection of
potential business partners from the community.
For this reason, a research has been conducted
within the project, with the aim to determine what
the dominant elements of trust in the members of
the community are. Analysing the results of interviews as well as referring to existing research in
this area, we have identified the attributes of relevance and reputation as the basis of trust in the
community that is dedicated to eLearning. A special contribution of the paper consists in defining
these attributes that are specific for the notion of
trust in the eLearning systems based on CoP and
free knowledge sharing. Based on the definitions
of attributes identified in this paper, the algorithms
for their calculation have been presented.
The next phase of research in the project Scope
relates to the implementation of the identified attributes into the divisible and evolving user profiles represented by FOAF. This way, each activity
of the members of the community will be reflected
in its profile and will be available to the analysis of
other members. Each member of the community
can enjoy certain benefits based on their behaviour
in the community or, on the other side, bear the
negative consequences of their work. In addition
1244

to implementing the trust factor, special attention
will be given to the process of resource tagging
within community. Introduction of standard ontologies in the process of resource tagging would
be a solution to semantic annotation, which would
result in minimizing user effort in labelling. Trust,
as well as ontological-based tagging of resources,
would make a prerequisite for the development of
a mechanism for searching and locating experts
within the community. Such a mechanism would
serve to connect the community with practical
Scope external economic factors, which may lead
to the final realization of the vision of the entire
application.
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Abstract
In today’s modern business environment, ebusiness is gaining stronger role and application.
Electronic communication becomes an everyday
unavoidable part of business processes in many
organizations, regardless of their activity and size.
That also implies the creation and expansion of
efficient external electronic communication with
consumers, as well as strengthening the internal
electronic communication among the employees.
This study is an attempt to investigate the efficiency
of applying the intranet in the company ˝Post˝ of
Serbia. Basis of the research were the employees
in ˝Post˝ of Serbia, in the region of Srem. The purpose of the paper was to determine the correlation
between intranet design and its efficient functioning in the company ˝Post˝ of Serbia. Research and
analysis of the results obtained have indicated that
current intranet design does not provide its true application, and thus it weakens its very important
function in the sense of supporting the company’s
e-business. The facts that Serbia is a country in transition and that market liberalization largely reflects
itself on public services’ operation, point out to the
significance of subject research. Scientific information obtained by research on the title subject could
be purposeful to the management of public services
in Serbia, as well as other countries in transition.
Key words: e-business, intranet, design, internal communication.
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1. Introduction
Rapid and permanent development of technology has opened new frontiers and possibilities for
organizations. Creating the communication and
value delivery for consumers through e-technology have created new forces in marketing functions of many organizations. E-business can be
described as new business logic that exists in the
world without borders. It refers to a broader definition of electronic commerce, because, besides
covering e-commerce, it implies and includes internal processes such as productivity, knowledge
management and human resources. However, focus on external marketing, through the Internet,
has largely overshadowed the significance of internal marketing in e-business, known as intranet.
If we would want to simply define intranet, we
could describe it as internal part of the net based on
Internet and World Wide Web technology that enables rapid information and service on the network
of employees, within the organization. Intranet
represents generators and distributors of data and
therefore it is a powerful tool for horizontal and vertical communication within the organization. The
data, which a company wants to make available to
its employees, are kept in databases that are easily
accessible by any user (employee), through a Web
browser interface that is easy to use. The employees can easily and rapidly share the information and
knowledge through the intranet. In that way, with
the use of the right information at the right time, the
employees can do their jobs more efficiently.
This paper, through empirical research, tries to
identify how much attention and significance it is
Volume 6 / Number 4 / 2011
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given to internal marketing in e-business environment, related to the operation of public companies
in Serbia. ˝Post˝ of Serbia is a company that can
be, by many criteria, classified as a representative
of public companies in Serbia. By determining the
method and efficiency of application of electronic
communication by employees in the company
˝Post˝ of Serbia, the paper provides a detailed
analysis of previous intranet use and formulates
a conceptual framework with suggestions how
to focus on internal marketing and make it more
efficient. This provides a starting point for future
research and empirical studies about causal relations between intranet designing and its efficient
functioning, as important support of e-business.
2. The purpose of research
Choice and dealing with problems on the title
topic was initiated by current way of operating
and application of e-business in public companies in Serbia. Public company ˝Post˝ of Serbia,
as one of the dominant public enterprises and a
monopolist until recently, was interesting for subject analysis for several reasons. Observing a few
previous years, the business of ˝Post˝ of Serbia
was influenced by major changes in the environment. Firstly, ¨Telecom Serbia¨ has started a serious and aggressive sale of ADSL services, by
which the number of Dial-up and ADSL users,
whose provider was ˝Post˝ of Serbia, was significantly reduced. In addition, significant loss of customer income has occured due to the separation
of ¨Poštanska Štedionica¨, due to which ˝Post˝ of
Serbia has lost the operation with a great number
of current accounts users.
Liberalization and deregularization of the market have fostered the emergence of new operators
and distributors in the fields in which ˝Post˝ of
Serbia had an absolute domination and monopoly.
In recent years, with the emergence of a growing
number of banks, in ˝Post˝ of Serbia there is a noticeable decrease in payments. The field of cable
television has been, day after day, increasingly attacked by the entrances of new competitors who
offered more diverse and more favourable services. Parcel and postal service, despite the introduction of ¨Post-Express¨, has got a great competition
Volume 6 / Number 4 / 2011

in newly-established companies for distribution of
parcels and packages, such as ¨AKS¨, ¨D-Express¨
and ¨City Mail¨.
All this indicates the loss of domination and
monopolistic status of ˝Post˝ of Serbia in many
segments of its business. In order to survive and
be efficient in the new environment, this company
has to focus on modern ways of doing business,
i.e. modern marketing and management principles. One of them is the application of e-business.
On that issue, ˝Post˝ of Serbia has made significant
steps in relationships with its clients through customer portals. However, as much as the application of modern electronic business and communication is important in external marketing today, it
has the same role in the internal marketing as well.
In other words, besides the efficient electronic
communication with the users and other external
stakeholders, the same communication between
the employees within a company is necessary.
Pursuant to the afore-mentioned, the purpose
of this paper consisted of identifying the application and functioning of intranet within the company
˝Post˝ of Serbia. Subject research had the objective
to generate the information in relation to the manner of applying the electronic communication in
internal marketing of ˝Post˝ of Serbia.The same is
realized through the analysis of the familiarity level
of employees with the significance and advantages
of intranet, as well as the determination of the way
in which it is applied and used in organization. In
that way, we got the picture of how much is the
company ˝Post˝ of Serbia is today willing to accept contemporary challenges of e-business, both
through external and internal marketing.
3. Literature review
During the last few decades, the economy is
rapidly transformed from its traditional bases to
the new, information-based economy. In such an
environment, the work moves from the creation of
material goods to information flow through value
chains (Basu & Kumar, 2002). Today, organizations often integrate the intranet technology by
redesigning business processes in a way in which
they would strengthen their competitive advantage
(Phan, 2003). Accordingly, e-business has a perva1247
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sive impact through all the areas of organizational
structure, starting from procurement and sale in the
field, through a series of its business processes to
the internal communication and coordination (Wu
et al., 2003). Electronic communication facilitates
information exchange, reduces costs, saves time
and resources, improves customer service and
generally improves business relations (Vlosky et
al., 2000). Therefore, e-business requires a digital
training of employees for the transactions and other
processes within the company, which include information systems under the organization’s control
(Laudon & Traver, 2006).
Intranet, as an information space that supports
the cooperation and information exchange between the members of a particular organization,
has been developed in increasingly stronger and
faster manner from year to year (Karlsbjerg et.al,
2003). According to Muller (2002), companies
adopt intranet in order to improve internal communication, information distribution, knowledge
exchange and in order to provide the employees
with the access to those systems. Increasingly, it
happens that a large number of employees consider the key issues through intranet forum, so that
this application can lead to the generation of new
ideas in management, productivity, quality and
other corporative issues significant for an effective
operation. Pitt (2003) highlights the collaborative
nature of intranet and its framework for establishing the cooperation and knowledge exchange. On
the other hand, Jacoby (2002), among the positive
sides of intranet, pays a lot of attention on business
aspects, such as agility, better decisions, higher
creativity and new possibilities.
Bruno, Tam and Thom (2005) believe that usability of intranet affects the type of task and its
complexity and thus the efficiency of use and satisfaction of intranet’s users. Creatively used site
includes a combination of usability control and
knowledge management control. For that reason,
a balance between creativity and rigidity of design
is necessary in order to create and efficient and usable intranet site (Begbie & Chudry, 2002).
Horgan (2007) lists several specific advantages
that are provided by a well-implemented intranet:
it is better and faster and just-in-time approach to
information, knowledge exchange, common interface, the ease of publishing, exchange and learn1248

ing, support for virtual teams, shorter time of entering the market, better access to competitive and
internal data, linking with already-existing data,
linking with clients of internal systems, new business opportunities and occasions.
Training is an important part in intranet application. It can be realized in the form of static information published on intranet in order to help the
employees to perform their tasks more efficiently.
However, there is a growing number of interactive
training on intranet, which, by the improvement
of technology, provides the organization with the
possibilities of various trainings with costs reduction (Abernathu, 1999).
Rapid development of e-business in the environment also implies the increase of significance
of the role of internal marketing (Harris & Charles,
2007). For those reasons, internal marketing becomes an important field in case of analysis and
consideration of success of both external and internal e-business. Duggan and Devenery (2000)
consider that the factors, which refer to internal
environment, represent a key component of successful e-business. In accordance with that, Damanpour (2001) believes that factors related to marketing strategy, such as cooperation, knowledge
exchange and dedication of top management have
a vital significance for the success of e-business.
Tools such as intranet, e-mail, conferencing
and video conferencing assist in the creation of
environment for good intranet communications.
However, there are very few researches that deal
with the extent to which managers are ubiquitous
in communications with the employees. Sirota,
Mischkind &Meltzer (2006) consider that employees may largely be demotivated if their managers forward only basic information through intranet, instead of understanding the real needs of
employees to be aware of what takes place in their
organization. Today, the ability of an organization
is mirrored in efficient use of knowledge of the
employees, who actually create, share and use that
knowledge. According to that, the communication
of the managers with employees has to be within
the frameworks of creation, search and expansion
of knowledge, which is a vital competitive advantage (Ipe, 2003).
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4. Methodological concept of research
4.1 Goal and tasks of research
In accordance with theoretical framework of
the importance of intranet’s significance, as a constituent part of e-business in modern business and
having in mind the current position of ˝Post˝ of
Serbia in its business environment, the research
goal consisted of examining the attention that is
paid to the application of efficient internal electronic communication within this company.
Designed like this, research goal has focused
on two tasks:
–– Identification of opinions and attitudes of
employees in ˝Post˝ of Serbia concerning
the significance and influence of intranet on
the efficiency of business.
–– Determination of the extent to which
current design of the company’s intranet
is appropriate for efficient functioning of
intranet within the company ˝Post˝ of Serbia.
4.2 Sample, research method and applied
method of statistical data processing
Sample of respondents consisted of the people
employed in ˝Post˝ of Serbia, in the territory of the
Srem region. The research included 146 respondents from all 6 postal network units (PNU) in the
region of Srem: PNU Sremska Mitrovica; PNU
Ruma; PNU Stara Pazova; PNU Indjija; PNU Šid;
PNU Pecinci, as well as their respective 60 end
posts. Depending on the number of employees,
it was taken care of the presence of respondents
from each PNU in percentages, as well as the
choice of respondents in percentages in relation to
the gender, age, years of service, education level
and functions that they have in public services.
As the most optimal instrument for subject
research, the questionnaire that consisted of two
groups of questions was used:
–– First group of questions referred to the
attitudes of employees in relation to the
significance and role of intranet in today’s
modern business. Based on responses
obtained, it was possible to determine four
groups of opinions and attitudes: group of
Volume 6 / Number 4 / 2011

respondents that believe that intranet has
a high impact on business success; group
of respondents that believe that intranet’s
impact is partial; group of respondents that
believe that intranet has no impact on modern
business processes. Such a determination
has served for the formation of criteria
groups, which were very important in further
operationalization with the other group of
questions contained in questionnaire.
–– Second group of questions, based on
the content, had the task to generate the
information in relation to employees’ attitudes
regarding the efficiency of application and
previous functioning of intranet within the
company. Data obtained are analyzed in two
ways. On one hand, answers of respondents
were observed and analyzed through the
attitudes of employees as a whole. However,
on the other hand, through the prism of the
criteria groups, the concept of questionnaire
has provided determination of similarities and
differences among the employees, concerning
the efficiency of application and previous
functioning of intranet within ˝Post˝ of Serbia.
Testing the validity of questionnaire as well as
the results obtained was realized through several
analyses and data processing. Having in mind that
it is about categorical data, prior to data processing, there was data scaling so that the following
procedures and analysis could be applied afterwards:
–– The application of SPSS programme
was in the function of determination and
presentation of frequencies and cross
tabulations.
–– The characteristics of employees’ responses
were determined by the application of
cluster analysis.
–– By MANOVA (multivariate analysis of
variance) analysis, it was examined whether
in a group as a whole there are differences
in responses.
–– By ANOVA analysis (univariate analysis of
variance), the differences in responses for
each individual question were examined.
–– By discriminant analysis, the existing
differences obtained in previous analysis
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were expressed quantitatively, through
coefficient of discrimination, after which
the most frequent answers for the belonging
questions were identified.
By the analysis applied, besides obtaining a general attitude of employees concering certain issues,
the difference between the criteria groups was also
analyzed. Such results, tested on the basis of discriminant analysis and coefficient of discrimination
are stronger in comparison with the simple testing
of questionnaire’s reliability, because they provide
accurate measure of difference and distance of features between the criteria groups.
5. Research results
The concept of questions contained in the
questionnaire, had the task to generate two types
of information that are relevant for the goal and
tasks of research. Primarily, the employees in the
company ˝Post˝ of Serbia were questioned about
the impact of intranet on the efficiency of modern business. Based on that, criteria groups were
formed, which played a significant role for further
analysis. Namely, when determining the manner and efficiency of intranet’s application in the
company ˝Post˝ of Serbia, besides analyzing the
attitudes and opinions of employees as a whole, it
was also useful to make the comparison of these
attitudes through default criteria groups.
5.1 Attitudes and opinions of employees concerning the significance and impact of intranet on business efficiency
Analysis and processing of responses regarding the significance of intranet in modern business
indicated that 51% of respondents believe that it
has a high impact on the efficiency of business
processes. 42% believe that electronic communication partially affects the efficiency of company’s
business, while 7% of respondents believe that intranet has a small impact on business (Figure 1.).
It is important to mention that although there was
an option „intranet has no impact on efficient business“, none of the respondents has chosen it.
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Figure 1. Significance and impact of intranet on
business efficiency
The data in Figure 1. represent attitudes and
opinions of employees in ˝Post˝ of Serbia, observed
entirely, as groups. Further analysis have dealt with
determination of respondent’s attitudes in relation
to intranet’s significance, on the basis of the age,
education level, vocational education, work experience, function, as well as the way of using internet technologies by the employees. This type of
analysis, on the basis of the criteria mentioned, had
the task to determine similarities and differences
in employees’ responses. By applying the cluster
analysis, the characteristics of respondents’ answers
were determined. MANOVA analysis was applied
to them in order to identify the possible differences
in responses of employees as a whole. (Table 1.):
Table 1. Signification of differences in attitudes of
respondents
MANOVA

n
7

F
8.286

p
0.000

By MANOVA analysis, all the questions are
observed as a unique whole and the objective is
to determine whether there are any differences in
responses of the observed criteria groups in that
whole. As the obtained result is less than 0,05,
and p=0,000, it is determined that in the ansewers
of respondents as a group there is a significant difference. In order to identify the aspects in which
there is a determined difference, the univariate
analysis of variance was applied. (Table 2.):
Table2. shows that in all aspects by which the
attitudes of respondents were analyzed in relation
to intranet’s significance, there is a difference in
responses. In order to determine size differences
in the answers given, the discriminant analysis
was applied, which does not observe the differences in responses simply with YES or NO, but it
quantitatively expresses them through coefficient
of discrimination (Table 3.):
Volume 6 / Number 4 / 2011

technics technologies education management

Table 2. Signification of difference in respondents’ attitudes by certain aspects
Aspect of analysis
Respondents’ age
Educational level
Vocational education
Work experience
Function
Most frequent way of using the Internet
Internet user at home

c
0.437
0.476
0.262
0.385
0.106
0.457
0.588

R
0.464
0.533
0.271
0.400
0.106
0.497
0.660

F
19.663
28.351
5.657
13.650
0.818
23.430
55.242

p
0.000
0.000
0.004
0.000
0.006
0.000
0.000

Table 3. Coefficient of difference in attitudes of respondents by certain aspects
Aspect of analysis

Coeff. of discrimination
0.126
0.111
0.073
0.055
0.044
0.009
0.006

Education level
Respondents’ age
Vocational education
Internet user at home
Work experience
Most frequent way of using the Internet
Function

Table 4. Difference in characteristics of respondents’ answers by certain aspects
Aspect of analysis

Coeff.of discr.

High impact
High and medium
education level
20-30 years
31-40 years

Education level

0.126

Respondents’ age

0.111

Vocational education

0.073

Technical sciences

Internet user at home

0.055

Work experience

0.044

Most frequent way of
using the Internet

0.009

Often
Up to 10 years
10-20 years
Business entertainment
and other needs

Function

0.006

The manager, employees

From the given Table 3., is observed that the
greatest difference in responses, concerning the impact of intranet of efficient business, exists in case
of observing the employees according to education
level (coeff. 0,126), while the smallest difference is
observed in the analysis of respondents on the basis
of function in the enterprise (coff. 0,006).
Data and parameters, obtained through coefficient of discrimination, have served as a basis for
determining the most frequent answers by the related aspects. Table 4. gives a clear picture of the most
frequent answers of respondents and the difference
Volume 6 / Number 4 / 2011

Partial impact
Small impact
High and medium Medium education
education level
level
31-40 years
51-60 years
41-50 years
Organizational and Organizational and
social sciences
social sciences
Occasionally
Rarely
10-20 years
Business and
entertainment
The manager,
employees

Over 20 years
Other needs
Employees

in their attitudes, observed through the age, education level, vocational education, work experience
and function of employees within the company, as
well as their way of using the Internet:
On the basis of the data shown in Table 4, it
was possible to present the characteristics of respondents in relation to their attitudes regarding
the significance and impact of intranet on efficient
business:
–– Employees who consider that intranet plays
a major role in business efficiency belong
to the younger generation up to 40 years of
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age, high or medium vocational education,
mainly technical profession. Besides
using the Internet for business, they also
intensively use it for entertainment and other
needs. This group includes both managers
and employees.
–– Group of respondents who believe that
intranet has a partial impact on efficient
business consists of respondents who
are middle aged (30-50 years), mostly of
medium vocational education - social or
organizational sciences, who use Internet
at work mostly to perform business tasks,
while at home they occasionally use it for
entertainment.

–– Respondents who believe that intranet has
a small role in efficient business belong to
the older generation of employees, they
are largely qualified workers, or they have
medium education level in social sciences,
which rarely use internet at work or at home.
The analyses applied and characteristics shown
on the basis of employees’ responses have enabled
the formation of the three criteria groups that were
important for further analysis.

Questions
E-business has made the business of
Your company more efficient
By introducing e-business, relations
with users are improved
Intranet is a great support to the
efficient e-business in Your company
The extent of intranet resources use
within the company

Answers showed trought percentage

14%
YES
16%
high

The extent of Your familiarity with the
application and efficient use of intranet

32%
high

The extent of intranet application for
education and training of employees
The extent of intranet application for
information and knowledge exchange
among the employees

8%
high

Managers use intranet in order to
distribute the information to the
employees

22%
small

57%
partial

17%
small

32%
partial
26%
high

Employees are included in the creation 6%
and implementation of intranet portal YES

There is management’s support for
more efficient intranet functioning

12%
4%
partially NO
18%
13%
partially
NO
48%
NO
43%
small
45%
partial

24%
high

The extent of availability of
information about users through
intranet

Particular innovations related to the
intranet are followed with appropriate
educations

84%
YES
69%
YES
38%
partially
41%
partial

60%
small
54%
partial

21%
partially

16%
often

20%
small
73%
NO

48%
occasionally

27%
YES
35%
often

36%
rarely

41%
partially

32%
NO

46%
occasionally

19%
rarely

Figure 2. Significance of e-business and application of intranet in ˝Post˝ of Serbia
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5.2 The extent of the current efficiency of intranet’s functioning within ˝Post˝ of Serbia
The second part of the questionnaire was aimed
at examining the efficiency of intranet’s application within the company ˝Post˝ of Serbia. In order
to obtain as detailed and as precise as possible information about this issue, the group of 12 questions was formed, and the responses are firstly
analyzed as the attitudes of employees observed in
the whole group. Data shown in Figure 2 express,
in percentages, the responses and attitudes of the
respondents as a group for each question:
By analyzing the data shown in Figure 2, it is
obvious that the largest number of respondents believe that previous application of e-business has
made the operation of the company ˝Post˝ of Serbia more efficient and that the relations with users
are improved.
However, observing the opinions and attitudes
in relation to the intranet, it is obvious that only
14% of respondents see previous intranet use as
a significant support to electronic business, while
48% of respondents believe that previous functioning of intranet is of a little help to company’s ebusiness. 43% of respondents believe that intranet
capacity utilization within the company is small,
and 41% see the intranet application as partial.
By examining the familiarity with the intranet
application, we have concluded that the majority
of respondents believe that they possess average
familiarity, while 32% believe that they are completely trained for communication and operation
through this technology type. As for the innovations in relation to the intranet, 16% of respondents believe that each change on the intranet is
followed by appropriate education, while 48%
believe that such a support in case of intranet innovations is occasional.
When intranet application is observed for the
purpose of education and training of employees,
24% of respondents believe that it is on a high level, while 57% see it as a partially used opportunity.
As for the intranet application for the information
and knowledge exchange among the employees,
60% of respondents believe that the utilization is
small and only 8% see it at a satisfactory level.
Somewhat different percentages are obtained
in case of the availability of information about usVolume 6 / Number 4 / 2011

ers: 26% of respondents believe that it is at a high
level, 20% that it is small, while 57% of respondents think that there is a partial availability.
As for the question about the extent to which
the employees are involved in creation and implementation of intranet portal, 73% of respondents
believe that this type of engagement from the part
of employees does not exist, while 21% see their
involvement as partial.
By analyzing the attitude of management towards the efficient intranet application, we have
concluded that 27% of respondents believe that
managers give their full support to the efficient
functioning of intranet, 41% see it as partial, 32%
think that the necessary managerial dedication
and support does not exist. In addition, by observing the question whether the managers use
the intranet for information and notification distribution, we have seen that 35% of respondents
believe that this kind of communication between
managers and employees is frequently used, 46%
believe that such communications are occasional,
and 19% of respondents experiences them as rare.
5.3 Characteristics of responses of the three
criteria groups
After the presented analysis of the answers
of respondents as a group, by the application of
MANOVA, ANOVA and discriminant analysis,
the same data were tested through three criteria
groups. In that way, it was possible to determine
similarities and differences in respondent’s opinions regarding the impact of e-business on the operation of their company, as well as the attitudes
about the extent to which intranet design is suitable for an efficient application and functioning
of intranet. The first criteria group consisted of respondents who believe that intranet plays a major
role in the efficiency of business; the second criteria group includes those who consider that intranet
has a partial impact, while the third criteria group
consists of those who believe that intranet has a
small role in efficient operation of an organization.
In order to examine whether there are and what
are the differences in responses of employees and
their managers to the questions analyzed, the multivariate analysis of variance is applied (Table 5):
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Table 5. Significance of differences in attitudes
between criteria groups of respondents
MANOVA

n
12

F
23.037

p
0.000

In order to identify the questions in case of
which there is a difference determined, the univariate analysis of variance was applied, by which,
according to the same parameters as in case of
MANOVA analysis, each question was separately
analyzed. The data are presented in Table 6. indicate that there is a difference in responses of the
employees and managers.
In order to determine size differences in the responses given, the discriminant analysis was applied (Table 7.):

From Table 7., it can be observed that the greatest difference in responses is in the opinions regarding the application and efficient intranet use
(coeff. 1,066), while the greatest similarities in
responses between the criteria groups were identified on the responses that refer to the involvement
of employees in intranet designing (coeff. 0,026)
and utilization of intranet capacity within the company (coeff. 0,028).
Data and parameters obtained through the coefficient of discrimination have served as a basis for
determining the most frequent answers by the belonging questions in both criteria groups (Table 8.):

Table 6. Significance of the difference in attitudes between criteria groups by the questions asked
Questions
E-business has made the business of Your company more efficient
By introducing e-business, relations with users are improved
Intranet is a great support to the efficient e-business in Your company
The extent of intranet resources use within the company
The extent of Your familiarity with the application and efficient use of intranet
The extent of intranet application for education and training of employees
The extent of intranet application for information and knowledge exchange
among the employees
The extent of availability of information about users through intranet
Employees are included in the creation and implementation of intranet portal
Particular innovations related to the intranet are followed with appropriate
educations
There is management’s support for more efficient intranet functioning
Managers use intranet in order to distribute the information to the employees

c
0.476
0.531
0.518
0.536
0.647
0.460

R
F
p
0.500 23.853 0.000
0.611 42.557 0.000
0.559 32.434 0.000
0.607 41.634 0.000
0.825 152.729 0.000
0.517 26.137 0.000

0.514 0.559

32.547

0.000

0.615 0.636
0.421 0.463

48.588
19.560

0.000
0.000

0.626 0.689

64.772

0.000

0.537 0.636
0.529 0.605

48.539
41.378

0.000
0.000

Table 7. Coefficient of difference in respondent’s attitudes between criteria groups
Questions
The extent of your familiarity of the application and efficient intranet use
Managers use intranet in order to distribute the information to employees
Particular innovations related to intranet are followed by appropriate educations
There is a support of management for more efficient intranet functioning
The extent of availability of the information about users through intranet
By introducing e-business, the relations with users are improved
The extent of intranet’s application for the exchange of information and knowledge
among the employees
E-business has made the business of Your company more efficient
The extent of intranet application for education and training of employees
Intranet is a great support to the efficient e-business in Your company
The extent of intranet resources use within the company
Employees are included in the creation and implementation of intranet portal
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Coeff.of discrim.
1.066
0.258
0.153
0.136
0.117
0.101
0.068
0.063
0.047
0.035
0.028
0.026
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Table 8. Difference in characteristics of respondents’ answers between the criteria groups
Questions
The extent of Your familiarity with the
application and efficient use of intranet
Managers use intranet in order to distribute
the information to the employees
Particular innovations related to the intranet
are followed with appropriate educations
There is management’s support for more
efficient intranet functioning
The extent of availability of information
about users through intranet
By introducing e-business, relations with
users are improved
The extent of intranet application for
information and knowledge exchange
among the employees
E-business has made the business of Your
company more efficient
The extent of intranet application for
education and training of employees
Intranet is a great support to the efficient
e-business in Your company
The extent of intranet resources use within
the company
Employees are included in the creation and
implementation of intranet portal

Coeff.of discr.

High impact

Partial impact

Small impact

1.066

high

partially

small

0.258

often

occasionally

occasionally

0.153

occasionally

occasionally

rarely

0.136

partially

partially

no

0.117

high

partial

partial

0.101

yes

yes

partially

0.068

partial

small

small

0.063

yes

yes

partially

0.047

high

partial

partial

0.035

partially

no

no

0.028

small

small

small

0.026

no

no

no

6. Discussion
New business e-environment makes the organization abandon the traditional ways of operation. Technological progress largely influences the
speed of making business decisions, which implies
the need for a growing use of e-business tools. It
also implies both the creation and expansion of
efficient external electronic communication with
consumers, as well as strengthening the internal
communication among the employees. In modern
business environment, the success of management
and managers depends on their speed in adjusting
and abilities of efficient use of e-business.
Subject research was aimed at determining the
attitudes of employees in relation to the impact
of e-business on the success of the companies in
modern market conditions, as well as the attitudes
about the extent of the suitability of conditions
Volume 6 / Number 4 / 2011

within the company ˝Post˝ of Serbia for efficient
application and functioning.
In case of examining the opinions and attitudes
in relation to e-business, observing the answers as
a whole, we can see that the largest number of respondents (51%) understands the importance of ebusiness in today’s turbulent market environment.
In addition, a large percentage of respondents
(42%) has expressed a partial acceptance of the
significant role of e-business, while only 7% believe that this type of modern business has a small
impact on the success of companies that apply it.
Formation of the criteria groups, based on
differences in relation to the significance of ebusiness, helped with the determination of respondent’s profile, typical for each criteria group.
Analysis have indicated that the greatest number
of respondents who see e-business as a significant
factor for the success of a company, belongs to the
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group that is characterized by the younger generation of employees, who do not use the internet
in business purposes only, but they also use it in
their free time for various purposes. The group of
respondents that see e-business as a factor with a
partial impact on successful business of a company mostly consists of employees of the middle
generation, mostly medium education level – social sciences, who occasionally use the internet
after working hours. Those respondents who see
e-business through a small impact for company’s
success have made up a group of the employees
who are mostly older, medium educational level
and qualified, who rarely use the internet at work,
and even more rarely at home.
By investigating the efficiency of intranet functioning within the company ˝Post˝ of Serbia, the
data obtained have shown that the largest number
of respondents believes that previous application
of e-business has improved company’s operation,
as well as that relationships with users are improved. However, almost a half of respondents
believe that current application and functionality
of intranet do not represent a true support to company’s e-business and that its utilization is small.
They support this attitude through opinions that
intranet is slightly applied for information and
knowledge exchange among the employees, and
its utilization in purposes of education and obtaining information about users is partial. Opinions
regarding the engagement of managers and their
support to more efficient intranet are greatly mediocre, while the greatest dissatisfaction the respondents express by their inability to participate in the
creation of intranet portal.
Analysis of the same issue, but through the
prism of criteria groups, has generated the data
that indicated the similarities and differences in
answers of respondents by criteria groups: I criteria group was represented by respondents who
see intranet as a significant factor of business in
today’s environment, II criteria group was represented by respondents who believe that intranet
has a partial impact, while in the III criteria group
there were respondents who believe that intranet
has a small impact on modern business.
What is common to all three criteria groups
are the attitudes of respondents in relation to the
involvement of employees in creation and imple1256

mentation of intranet portal and level of utilization of intranet capacities within the company.
Dominant opinions in all groups are lack of ideas,
criticisms and suggestions of employees when designing the intranet, whose capacities were not as
nearly used in relation to the existing possibilities.
Close attitudes of respondents who see e-business with a high impact on operation and those who
believe that its impact is partial, were expressed
in the answers to a several questions asked. They
consider that with introduction of e-business, the
company’s operation was improved and relationships with users were intensified. In addition, they
have the attitude that intranet changes are occasionally followed by appropriate educations and
that there is a partial support of management in
more efficient functioning of intranet (Figure 4.).
In contrast to these attitudes, the respondents who
do not experience e-business as a significant factor
of modern business believe that intranet changes are
rarely supported by appropriate education and that
there is no management support in relation to more
efficient application of intranet. Current e-business
is seen only as a partial support to the improvement
of business and relations with users.
Similarities in opinions of the second and the
third criteria group were expressed in five questions. They believe that current functioning of intranet does not represent a support to company’s
e-business, as well as that it has a small application in information and knowledge exchange
among the employees. There is a partial availability of information about users, as well as partial utilization of intranet in relation to the education of employees. In addition, they believe that
managers occasionally use the intranet’s possibilities for distribution of various information towards the employees.
In contrast to them, the representatives of the
first criteria group consider that application of intranet in employees’ education, as well as providing
the information about users, is high. They believe
that managers often use this type of communication
with employees, and about intranet application for
information exchange and its support to company’s
e-business they have a mediocre opinion.
The presented analysis of attitudes and opinions
of employees in relation to the significance of ebusiness, as well as efficiency of intranet use within
Volume 6 / Number 4 / 2011
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Figure 3. Attitudes of employees in relation to efficiency of intranet application-by criteria
˝Post˝ of Serbia, represented the basis in summarizing the data related to the set research tasks.
The employees in company ˝Post˝ of Serbia
largely believe that previous e-business had a positive impact both on company’s operation and on
its image and relationships with users. However, a
great part of respondents have expressed their dissatisfaction through a negative or mediocre opinion regarding most of the questions that referred to
the efficiency of intranet within the company.
Segmentation of responses by criteria groups
has indicated that there are a lot of similarities in respondents’ attitudes, regardless of the group which
Volume 6 / Number 4 / 2011

they belong to. Table 7. indicates that respondents
had rather homogeneous opinions in relation to the
poor utilization of intranet within the company, as
well as lack of employees’ opinion in the creation of
intranet portal. There are certain varieties between
the groups in opinions about the utilization of intranet by some segments, but mediocre satisfaction
or dissatisfaction with the same is mostly dominant.
All the above-mentioned indicates that there is a
satisfactory level of awareness of the significance of
e-business and intranet for the success of the operation of ˝Post˝ of Serbia. However, this research has
determined that current intranet functioning is far
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beyond what could be called efficient. Small utilization of intranet capacity, in most segments where it
should be relevant, points out to inadequate design
and lack of focus on the same. Therefore, company’s
management should deal with this problem in order
to overcome the gap between the efficiency of external e-business and its support in the form of intranet.
Observing the recent past, present and anticipating future trends, it becomes clear that focus
on the intranet grows stronger. As an instrument
for satisfying the needs of employees in the sense
on information and knowledge exchange and other forms of cooperation, its position and significance within the organization permanently grows.
We should not forget that intranet is as good and
purposeful as it serves the employees within the
organization. The organizations that realize this
task show the comprehension of significance and
effect of well-designed and functional intranet as a
part of a part of the overall strategy of e-business.
In this case it implies the change of previous
approaches and practices in intranet designing,
which will allow the involvement of employees in
the creation of intranet structure. By their proposals, suggestions and criticism, the employees can
largely contribute to the creation of such intranet
concept that will be adaptable to all employees
and be used in its full capacity. Designing the portals, which would in different ways support and
encourage knowledge and information exchange,
would be a great support to innovation processes
within the organization. By more frequent application of interactive educations, the level of expertise and knowledge of employees would be raised,
and permanent announcement of simple instructions in relation to the use of certain intranet items
would have a positive impact on familiarity of employees with the application and use of intranet.
In addition, the managers are expected to be
true leaders in adaptation to the new channels of
external and internal communication. If the managers are able to adapt to modern e-business environment, through the use of tools such as internet
and intranet, it is expected that the other employees will accept such a trend in order to find desired
information and to make better business decisions.
All the above-mentioned would contribute that
intranet gets its real role in company’s business – to
be the crucial support to organizational e-business.
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7. Conclusion
Numerous literature points out that e-business
today represents a significant factor of the success
of an organization and as such it finds its place in
basic principles of modern business, regardless of
the size or activity of organization. Apart from the
existence of a significant focus on external e-business, intranet as an information segment of e-business, which supports the cooperation and exchange
of information between organization members, is
gaining importance in the recent years.
Choice and dealing with problems on title topic
was initiated by current situation of public companies in Serbia. Liberalization and deregularization of
the market have implied the entrance of competition
in majority of activities, where monopolists were
public services until yesterday. In order to survive
in new market environment, there organizations
are forced to completely change previous practice
and adopt modern principles of operation, which,
among the other things, imply the efficient application of electronic business and communication.
Purpose of the paper on the title topic was reflected in examining the success and efficiency of
intranet application in ˝Post˝ of Serbia, as a represent of a typical public company in Serbia. Research, as well as the results obtained point out to
the „gap“ between intranet design and its efficient
functioning. The above-mentioned indicates that
current application and efficiency of intranet in
˝Post˝ of Serbia is not at the level that its function
should provide and at the same time it indicates to
the necessity of changes in its design through:
–– Involvement of as greater number of
employees so that they could be a part of the
team that creates applications on intranet portal
through their opinions, suggestions, criticism.
–– Creation of the portal, where the free
exchange of information and knowledge
would be possible, regardless of the
organization part to which they belong.
–– Managers’ support in efficient creation of
the portal, as well as efficient application of
all the offered applications.
–– Engagement of top management in creation
of as higher number of interactive trainings
for employees.
Volume 6 / Number 4 / 2011
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The results and suggestions obtained can be
seen merely as a starting point in planning and
successful realization of efficient intranet, and
opinions attitudes of employees are seen as a necessary help in establishing an adequate design of
e-business in public services in Serbia, capable of
the successful application of both external and internal electronic communication and operation.
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Abstract
This work presents the possibility of use the tributyl phosphate (TBP) as an extractant of zinc (II)
from the spent pickling solution (content 84.8 g/dm3
Zn, 17.87 g/dm3 Fe, 39.4 g/dm3 HCl) formed during
the hot galvanizing process. Experimental studies
has shown that using 80% v/v TBP in aromatic kerosene (D220/230) as diluent, 91.65% zinc(II), could
be extracted from these solutions, and simultaneous
regeneration of hydrochloric acid. The analysis of
equilibrium isotherms has found that the zinc extraction is achieved in two-stage extraction and one
stage of stripping. Identification of process kinetics
has defined maximum extraction of zinc, achieved
for 15 minutes. The stripping of zinc with efficiency
of 90% was carried out by the use of distilled water.
Key words: spent acid solution, extraction of
zinck, TBP
1. Introduction
The process of hot galvanizing is used to increase the corrosion resistance of various types of
steel. More than 50% of car parts are now protected in this way [1]. Hot galvanizing process is carried at temperature of 445–465 oC by immersion
the steel parts into the zinc melt of 96.5–99% Zn
purity. The technological process of hot galvanizing includes the basic metal surface preparation,
zinc coating and subsequent processing of zinc
coating. Potential solutions, which are required to
be neutralized or regenerated as the worn, are the
solutions from surface preparation of steel components: the degreasing solution, the etching solution and the solution of zinc coating removal from
tools and failed protection of components. [2]
1260

Iron oxides are removed from etching solution and the surface of components is activated in
20% HCl at room temperature. The process result
of oxide removal oxide is reduction of HCl concentration and increase of iron content (90% in
the form of Fe (II) ions). The process of removal
the poor quality zinc coating (pickling) as well as
zinc removal from tools is developed in 20% HCl.
The result of pickling process is decrease of HCl
concentration and increase of zinc concentration.
Pickling solution is considered as the worn one if
it has a free acid less than 5% [3].
Nowadays, there is a tendency for regeneration
as much as possible quantities of waste solutions
what significantly reduces the harmful effect on
the environment. Regeneration of acid and metal
ions from the waste solutions is a very important
both for the environment protection and economic
point of view [4, 5, 6].
In order to regenerate HCl acid and zinc separation from the waste acid solutions of the hot galvanizing plants, the investigations on the use the
extraction process were carried out [7, 8, 9, 10].
2. Experimental
The treatment of waste acid solutions from the
pickling process consists of a series of processes:
removal of organic components from solution, oxidation of Fe (II) to Fe (III), solvent extraction, hydroxide precipitation of Fe (III) pH = 4 and hydroxide precipitation of Zn-pH = 7.Waste acid solution
of pickling is filtered through the active coal what
removes the present organic impurities originated
from inhibitors, surfactants, grease and oils from
the degreasing process. Hydrogen peroxide H2O2
was used for the oxidation of Fe (II) to Fe (III).
Volume 6 / Number 4 / 2011
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2.1 Materials and Reagents
TBP (tributyl phosphate, Merck) extractant, dissolved in the organic solvent kerosene (D220/230)
was used for the solvent extraction process [11,
12, 13, 14, 15, 16]. The aim of investigation is the
extraction of zinc ions from the acidic chloride
waste solution from the pickling process in the hot
galvanizing plant "Unipromet" Čačak.
The acidic chloride waste solution from pickling was used as the aqueous feeding solution. The
content and concentration of waste solution from
pickling are shown in Table 1.
Table 1. Content and concentration pickling solution
Component
Fe
Zn
free HCl

g/dm3
17,87
84,80
39,4

metods
T
AAS
T

2.2 Experimental Procedure and Analyzing
The experiments are carried out in the separation
funnels. The glass gauges of 500 and 1000 ml were
used for volume measuring of both phases. Temperature of the extraction process was in the range
from 19 to 21 oC. For determination the kinetics
of extraction processes, the organic phase (O) and
aqueous feeding solution (W) were contacted in
the separation funnels, volume of 300 ml, duration
time of 5, 10, 15 and 20 minutes and ratio O:W =
5:1. The resulted sample of mixing was left 20 for
minutes in order to phase separation. After this, the
phases were separated. The water phase was sampled to determine the zinc concentration in it. The
analytical method of atomic absorption spectrometry (Atomic Absorber Perkin-Elmer 403) was used
for chemical determination of zinc. The amount of
zinc in organic phase was calculated from the mate-

rial metal balance. The following parameters were
changed during the extraction process in the experiment: the concentration of organic phase (TBP in
kerosene) and the extraction process time. Temperature and concentration of zinc and hydrochloric
acid were held at constant value. All experimental
procedures were carried out with the aim to determine the stages of extraction and stripping, the time
to achieve a balance between organic and aqueous
phases and the effect of extractant concentration.
3. Results And Discussion
3.1 The Effect of Extracting Concentration
Table 1 presents the obtained results in the process of zinc (II) extraction with tributyl phosphate
(80%) as the extractant. The ration of organic phase
to the aqueous phase is O:W = 3:1; 5:1; 8:1. Volume
of aqueous phase in the extraction process was always 50 ml.
It could be conclude, from the obtained results
from Table 1, that the most optimum volume ratio
of organic phase to the aqueous phase is O : W =
5:1, because the efficiency of extraction process is
higher than the ratio, O : W = 3:1 and by comparison with the ratio O: W = 8:1, there is no significant increase in the extraction efficiency. In order
to reduce the volume of organic phase, the ratio O:
W = 5:1 was used for further definition of extraction parameters in the experimental work.
3.2 Determination of Time to Achieve Equilibrium between Organic and Aqueous Phases
Figure 1 shows the results of time effect on
the efficiency of zinc extraction process from the

Table 2. Extraction process for various volume ratio O:W
Extractant

Volume
ratio
O:W

80% TBP

3:1
5:1
8:1
9:1
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Concentration
zinck before
extraction
(g/l)
84,80
84,80
84,80
84,80

Concentration zinck
after extraction
in organic phase
(g/l)
19,95
15,54
10,03
8,90

Concentration zinck
after extraction in
aqueous phase
(g/l)
13,25
7,08
4,58
3,86

Extraction
efficiency
(%)
84,38
91,65
94,60
95,40
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aqueous phase (waste acid solution of pickling).
In order to determine the most optimum time of
the process, the experiments were carried out for
5, 10, 15, 20 minutes, for the ratio of organic phase
to the aqueous phase, O: W = 5:1.

Figure 2. Extraction isotherm
It is seen from Figure 2 that the process of
zinc extraction from the aqueous feeding solution
needs two-stage extraction.
Figure 1. Curve depending extraction process
from the time
It was found that the transfer of ions from aqueous to organic phase is almost completed after 15
minutes of stirring; therefore time of 15 minutes
was set to achieve equilibrium between the water
and organic phases.
3.3 Construction of Extraction Isotherms
By construction the equilibrium isotherms, the
number stages of extraction and stripping could be
determined as well as the options of processing the
acidic waste solutions, formed during the technological process of hot galvanizing [17,18]. Figure
2 shows the extraction isotherm, constructed according to the experimental data shown in Table 1.

3.4 Construction of Stripping Isotherms
After the extraction process, the loaded organic phase is treated by the stripping process [19]
contacting the loaded organic phase and distilled
water, the water phase with ratio O: W = 1:1.The
obtained results are shown in Table 3 and Figure 3.
After the solvent extraction process, the solution was obtained with the extracted Zn and Fe
(III). In order to separate Zn from Fe (III), the hydroxide separation of Fe (III) at pH = 4 is carried
out. Then, the hydroxide separation of Zn at pH=7
is carried out. Dissolution of zinc hydroxide precipitate is carried out with sulphuric acid solution
in such ratio that the obtained solution presents an
electrolyte for the process of obtaining the electrolytic zinc.

Table 3. Result stripping process of zinck from loaded organic
Stripp
solution
Distilled
water
1262

Volume
ratio
O:W
1:1

Concentration zinck in
loaded organic before
stripping
(g/l)
19,95
15,54
10,03

Concentration zinck
after stripping in
aquas phase
(g/l)
18,84
14.13
8,10

Concentration zinck
after stripping in
organic phase
(g/l)
1,11
1,41
1,93

Stripping
eficiency
(%)
94
90
82,83
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Figure 3. Stripping isotherm
After construction the extraction and stripping
isotherms, the technological parameters could be
defined for operation the facility for solvent extraction and electrolysis.
4. Conclusion
Extraction with 80% v/v TBP in aromatic kerosene (D220/230) as a diluent can be successfully used for extraction of zinc (II) from the spent
pickling solution with simultaneous regeneration
by hydrochloric acid. Optimum volume ratio of
organic to aqueous phase in extraction is: O: W
= 5:1. The ratio of organic phase to the aqueous
phase is about: v = 1:5. Kinetics shows that the optimum contact time of organic and aqueous phase
is 15 minutes, while extraction efficiency of zinc
(II) was achieved by 91.65%. Two-stage extraction is used for removal of 91.65% zinc (II) from
the spent pickling solution. The stripping efficiency of zinc (II) from organic phase by distilled water is in the ratio o: v = 1:1, whereby the archived
efficiency is 90%. The adoption of technological
parameters of the solvent extraction and electrowinning process will enable the introduction of
new technological lines in the hot galvanizing
plant “Unipromet” Čačak. Regenerated acid is returned to the pickling process, which reduces the
amount of waste solution from the hot galvanizing
process, as well as the effect on the environment.
After extraction process, the separated zinc is used
for cathode zinc recovery.
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Abstract
The rapid development of Information and
Communication Technologies (ICT) can freely be
said to have marked the past century, This is the
reason why last century is often referred to as the
'century of information'. A new concept of business
operations, using ICT, also known as e-Business,
is aspiring to become the dominant form of business operations, and the business entities failing to
adjust to the new business practices are faced with
the risk of disappearing. Viewing this assertion in
the context of economic globalisation, it is clearly
inevitable for the economic entities in the Republic of Serbia to join this process, and the state is
obliged to create the preconditions and facilitate the
development of e-Business. The article gives a brief
summary of the e-Market on the territory of Serbia,
particularly of those segments where the active role
is played by individuals. In addition to analysing
the state and identifying the problems, the article
also proposes solutions, i.e. identifies the potential
future ways of development which may lead to the
expansion of the e-Market in the country.
Key words: e-Market, Information and Internet Services,
Introduction
Technically, the end of the last century saw the
creation of revolutionary preconditions which have
directed business operations towards a concept
known in the economic theory as New Economy.
Regardless of numerous disputes among experts on
the justifiability of introducing the term New Economy into economic theory, it is undeniably impossible to disregard the increasingly evident new trends
in business operations. The rapid development of
ICT can freely be said to have marked the past cenVolume 6 / Number 4 / 2011

tury, and the involvement of ICT in all the pores
of modern business fully justifies this observation.
This is the reason why last century is often referred
to as the 'century of information'.
Creating, disseminating and using information
would be impossible, in its known form, without achieving the following preconditions: creating hardware prerequisites, materialised through
the concept of personal computers, which made
computers available and ever-present; the development of communication prerequisites, notably
through the progress of communication technologies; the emergence and development of the internet, and, viewed logically, establishing the global
sphere of information availability.
The above preconditions have contributed to the
fact that, in the business concept, distances have become irrelevant or less relevant. In territorial terms,
technical breakthroughs, combined with the global
sphere of information availability, have set the
whole world as the area of interest for many business entities. The end of the last century thus led to
the globalisation of the world's economy, which has
maximised the market, but also led to the fiercest
possible competition. Survival in business has never
been less secure, and raising one's own capacities
has become more essential than ever. Based on the
above, it can be concluded that the application of ICT
in the realm of business includes three technologies
[1]: computing technology, communication technology and information management technology.
E-business integrates various levels of business
operations viewed, i.e. classified by participants
in business operations: business, consumer, employee, citizen and government. The article demonstrates the potentials for the application of only
those forms of business operations which involve
individuals. The aim of the present analysis is to
identify the problems and propose potential solutions for overcoming these.
1265
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1.  Research methodology
Factors influencing the potential of the e-Market
with the share of individuals may be classified into
internal and external factors. The internal factors
dealt with herein include the presence of the three
ICT technologies in the business domain on the
territory of Serbia, the demographic and economic
factors, and the education levels of the target population. The external factors primarily refer to the
limitations in the business area concerned and banking support, as one of the basic prerequisites for a
successful market. By analysing these factors, this
article looks into the state of e-Market with the participation of individuals on the territory of Serbia.
The structure of the article is conditioned by
the analysis, so that the article is structured as follows: the first section analyses the internal factors
and their influence on the state of the market in
question. It considers the demographic and economic indicators in Serbia, reflecting the potential
of individuals as the key element of the e-Market.
This is followed by the analysis of the individuals'
education levels, and the analysis of the presence
levels of three ICT technologies on the e-Market
of Serbia. The second section analyses the external factors, limitations and opportunities which
they generate. These analyses are conducted in
order to identify the problems in each of the areas
mentioned. The identified problems are a basis for
devising proposals for their resolution. The conclusion of the article provides a rationale for identified proposals for overcoming the problems.
The conducted research was desk-based, i.e.
carried out by analysing available literature, elec-

tronic information sources and published results
of previously conducted research. The available
sources were combined in order to analyse the potentials of the Serbian e-Market. The chosen methodology is outlined in Table 1.
2.  The analysis of the internal factors on
the e-market
Serbia is the country that can not boast a serious ICT infrastructure. In terms of the utilisation
of ICT technologies, it would be more appropriate
to state that Serbia ranges among the underdeveloped countries of Europe than medium-developed
ones. The factors comprising the e-Market are described in the following sections.
2.1 The demographic and economic
characteristics
Despite being an old European country, Serbia
currently cannot be placed in the group of the developed countries of Europe. The causes of such
a condition should be sought in the wars that befell this region, resulting in the break-up of Yugoslavia, a country formerly including Serbia, as
well as the political system of the country in the
last century. As an independent state, Serbia has
existed since 2006. The basic characteristic of
the country is given in Table 2. In view of those
figures, Serbia is considered as an upper-middle
income economy by the World Bank.

Table 1. Methodology Map

Internal factors
of the e-Market

External factors
of the e-Market
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Subject of analysis
Education
Demographic and economic potentials
Computer technology
Telecommunication technology
Information management technology
Strategies
Laws
Regulations
Procedures
Programs
Proposals

Actors

Expected outcomes

Individuals;
business entities;

Identification of the
problem;

the Government

Proposed solutions

The Government;
the National
Bank;

Identification of the
problem;

commercial
banks

Proposed solutions
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Table 2. Characteristics of Serbia [2]
Area
Population
GDP
GDP Composition
Inflation rate
Unemployment rate
Brain Drain

88,361 square kilometres
9,800,000 (July 2007., 7,498.001)
$80.72 billion; $10,985.00 per capita (2008.)
57.9% services, 25.5% manufacturing, 16.6% agriculture
18% (2005.)
31.6%
More than 200,000 with undergraduate and higher education

More than half of the population of Serbia
consists of urban population, living in municipalities of approximately 100,000 people or above.
According to the announced data of the Republic Bureau of Statistics of the Republic of Serbia
(hereinafter referred to as the Bureau of Statistics),
the average gross salary in January 2009 amounted to $541.00. Compared to December 2008, the
real average salary decreased by 17.90%, while in
comparison with January 2008, it showed a real increase of 4.10%. In relation to February 2008, the
cost of living in February 2009 rose by 10.40%.
However, if one wants to identify the level of living standards, the population's consumption is undoubtedly a more appropriate indicator. In 2007,
a Serbian household spent approximately $880.00
on the average [3].
Viewed regionally, consumption was distributed unevenly. The highest consumption levels
were identified in the area of the City of Belgrade,
where the average consumption per household in
2007 amounted to $1,050.00, compared to the lowest figures in western Serbia, where a household
spent the average of $730.00 in the same year [3].
The three regions showing above-average income
and consumption levels are Belgrade metropolitan
area, the region of Šumadija, and the Autonomous
Province of Vojvodina.
Table 3. Population structure by age and gender
[4][5]
Age
(years)
0 – 14
15 – 29
30 – 44
45 – 59
60+

2003

2007

13.7%
19.4%
18.8%
22.7%
25.5%

14.0%
20.0%
19.3%
24.2%
22.6%

Men
(2007)
14.8%
21.0%
19.6%
24.1%
20.5%

Women
(2007)
13.2%
19.1%
18.9%
24.2%
24.5%

The final section of the demographic and economic analysis shows the population structure of
Volume 6 / Number 4 / 2011

Serbia by age and gender, which, in the authors'
opinion, could be regarded as significant indicators in the analysis of the region’s e-Market potential. Like most European countries, Serbia is faced
with the problem of aging population. The reasons
should be sought in several factors, including:
emigration; the difficult economic situation, especially over the past two decades; insecure future,
and other factors which had a negative impact on
the decisions to start families and have children.
All of these have led to the population age structure shown in Table 3.
2.2 Education
Serbia can not boast a high percentage of educated people. The figures of the 2002 census and
the data of the Bureau of Statistics are compared
in Table 4, and show the education structure of the
population of Serbia. These data shows a progress
in the area of education. The cause of such a trend
should be sought in the reforms of the educational
system implemented over the past decade, as well
as the fact that the uneducated population is mostly comprised of the elderly.
In addition to the generally viewed education
level indicators, a very important aspect of education is the IT skills level of Serbia's population.
Generations educated over the past fifteen years
have had IT segments included in their curricula
to a greater or lesser extent. Also, business or employment requirements have led a large segment
of the population to undergo various forms of IT
education, either formal or informal. The European Computer Driving Licence (ECDL) program
has imposed itself as the most prominent training
curriculum, conducted in Serbia under the supervision of the Union of ICT Societies (JISA). According to JISA's sources, over 20,000 persons
1267
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Table 4. Education level structure of the population over 14 years of age [6][5]
Education

2002

2007

Men
(2002.)

Women
(2002.)

Incomplete elementary
Elementary
Secondary
Higher (tertiary)

21.8%
24.0%
41.0%
11.0%

13.0%
23.0%
49.0%
14.0%

16.0%
35.0%
36.0%
10.0%

27.0%
23.0%
46.0%
12.0%

have undergone, or are currently undergoing training in informatics according to ECDL standards.
Serbia still significantly lags behind most European countries in terms of IT skills, but the trends
show significant progress.
2.3 Computer technology
The availability of computer technology is an
inevitable element for inclusion into the e-Market.
The following section presents an analysis of the
availability of computer technology to individuals.

2006. Perhaps it would be interesting to look into
the share of households that have other appliances
in the total number of households. Figure 1 gives
a graphic representation of the percentage of computer appliances enabling internet access.
It must be noted that the presence of personal
computers on the territory of Serbia is not evenly
distributed. The highest share of households with
personal computers is found on the territory of
Belgrade (53.1%). The area with the highest presence of personal computers is the Autonomous
Province of Vojvodina (52.9%), while 44.4% of
households on the territory of central Serbia (without provinces) own computers. A comparison of
urban and rural population shows a higher presence of computers in urban areas. Figure 2 gives
a graphic representation of the percentage of computers in households, by type of area.

Figure 1. Presence of appliances in households
[7][8]
Although Serbia does not belong among the developed European countries, a significant progress
can be noted in the sphere of possession of computer equipment by individuals over the past decade. 50.4% of Serbian households own personal
computers. This information dates from 2010, and
an overview of the previous years shows a rising
trend in the number of households that have personal computers. In 2007, 34.0% of households
owned personal computers, compared to 26.5% in
1268

Figure 2. Presence of computers in households,
by type of area [7][8]
The presence of computer technology can be
distinguished from its application. However, the
figures show that, if a household owns a computer, it tends to use it. When comparing the data on
the possession and use of computer equipment in
Volume 6 / Number 4 / 2011
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2010, it can be pointed out that 61.6% of households own computers (PC or laptop; see Fig. 1),
while 50.8% of individuals have used computers
in the past three months.
Table 5. The time of the latest use PC [7][8]
2006
In the past 3 months
33.6%
More than 3 months ago 3.7%
More than a year ago
5.9%
Never used a computer 56.8%

2007
41.2%
2.6%
3.9%
52.3%

2010
50.8%
2.0%
3.6%
43.7%

Table 5 shows the use of computer technology
by individuals. These indicators cann't be interpreted indiscriminately, as a significant number
of users use computers at work, in educational institutions, public facilities offering computer services etc, but they still point to the existence of
interest in the use of computer technology.
Another significant indicator should be highlighted, which points to the existence of the will
to own and use computer technology. Based on
the results of research conducted by the Bureau of
Statistics, it can be noted that a much higher percentage of households with higher budgets own
computers. This fact points to the need to possess
a computer, and the awareness of the importance
of inclusion in the contemporary trends. The next
step is education and imposition of standards that
will place the existing equipment in the appropriate function. In addition to income levels, a significant role in the use of computer technology is
taken up by the education of the potential users.
Comparing the data obtained from the research of
the Bureau of Statistics, it can be concluded that
education level influences the ownership of computer technology just as equally as the budget.
2.4 Telecommunication technology
Telecommunication technology is another internal factor directly influencing the potentials of
the e-Market. Telecommunication services offered
on the territory of Serbia are significantly more
modest than those offered in developed countries.
In addition to the limited number of services, there
is also a problem with the implementation of the
existing services presents.
Volume 6 / Number 4 / 2011

The causes of such a state are multiple. The key
reason is the monopolistic position of Telekom
Srbija a.d., a firm with an 80% share ownership
by the Serbian Public Post Service. The remaining
20% shares are owned by OTE-Greece. It can be
concluded indirectly that the owner of the controlling package in Telekom Srbija a.d. is the Republic of Serbia [9]. Although the protection of the
monopolistic position of Telekom Srbija by the
state expired in 2005, the conditions on the market
have not changed substantially.
The Republic Telecommunication Agency (RATEL) was established in 2005, in order to control
the telecommunications market. The Agency was
established with the main goal to implement the
Telecommunications Act passed in 2003, so as to
create preconditions for opening the telecommunications market, through the following preconditions [10]: introducing the liberalisation of the monopolised sector, harmonising the market with the
legislation of the European Union, freedom of access to telecommunication networks and tools and
introducing the rule of equal competition.
As for the possibilities of individual access to
the internet, one can note a significant progress in
the past few years. Research conducted in 2008 [7]
shows that 33.2% of households have some form of
possibility of accessing the internet. In comparison
with the research conducted in 2007 and 2006, there
is a substantial growth in the number of households
with the possibility of internet access. Out of the total
number of households, 18.5% in 2006, and 26.3%
in 2007 had some form of internet access appliance.
In relation to the EU countries, as well as the
countries of the region, the number of users of
fixed-line and mobile telephony is not lagging
substantially. Figure 3 shows the numbers of subscribers of fixed-line and mobile telephony per
100 citizens. The first column marks the number
of mobile subscribers, while the second one – the
number of fixed-line telephone subscribers.
Internet access in Serbia is gained through various services. What is obvious is the still dominant
use of outdated technologies which do not enable high data flow. Still, progress is visible and
reflected in the rise of the number of subscribers
to higher-throughput services. Table 7 shows internet use classified by available services for the
period from 2008 to 2010.
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Table 6. The structure of income on the telecommunication services market for 2007
Fixed-line telephones
Mobile telephones
The internet
Radio broadcasting
CDS

Telekom Srbija a.d. [9]
54.0%
43.0%
3.0%
0.0%
0.0%

Figure 3. The number of subscribers per 100
citizens [11]

The total market [7]
28.0%
57.0%
4.0%
10%
1.0%

information, synthesising information into desired
information products and services, training users
for effective and efficient use of information products/services and systems, determining the most appropriate visualisation and presentation of information, distributing information and the appropriate
use of information’ [1, p.40].

Table 7. Subscriber by internet access path [11][8]
2008
Dial-up 51.1%
DSL/ADSL 24.4%
Cable modem 23.2%
Mobile, WAP, GPRS,.. 15.5%
ISDN 3.0%

2009
29.3%
39.5%
23.4%
18.0%
1.6%

2010
17.5%
47.3%
24.5%
20.0%
0.9%

The fixed-line telephony segment is highly
appealing, for most households in Serbia have
telephone connections, and the analysis of access
path shows that the majority of connections are
achieved by way of fixed-line telephony network.
This is the reason why a major part of the article
deals with fixed-line telephony and the services it
provides.
2.5 Information management
Information management refers to gathering and
managing information from a single or multiple
sources, as well as the distribution of information
to one or several information recipients. Speaking
generally, ‘information management is a process
(supported by appropriate information and communication technology) of planning, organising,
coordinating and controlling activities: examining
and identifying the users' information requirements,
locating and assessing sources of required information, acquiring information, organising and storing
1270

Figure 4. The most frequently traded products
and services in 2008 and 2010 [7][8]
For the purpose of this article, information
management is only viewed in the context of eMarket, so that, accordingly, the following issues
are considered: information availability and ways
of conveying information to individuals, information types mostly requested by individuals and
individuals’ awareness of the need for information. The e-Market of Serbia is an underdeveloped
one, both in terms of supply and demand. Figure
4 shows the most frequently traded products and
services in 2008 and 2010.
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3.  The analysis of the external factors on
the e-market
The external factors were analysed, i.e. classified
by the carriers of activities. Thus, the first analysis
is that of the legal regulations within the competence of Serbia, i.e. the public administration. The
next stage is the analysis of the area of activities of
the National Bank of Serbia, and the commercial
banks operating on the territory of the country.
The legal regulations are one of the major hindering factors in the development of the e-Market.
Namely, the Electronic Trade Act was not adopted
in Serbia until May 29, 2009, which shows that Serbia lags in this aspect not only behind the developed
countries, but also the countries in the region. Thus,
for example, such a law was adopted in Montenegro in 2005, in Croatia in 2002, and in Slovenia
in 1999. The reasons for this delay are numerous.
Unlike many Eastern European countries, Serbia
initiated its transition with later, after 2000. Many
turbulent processes have occurred on the territory
of the country since then. A period of less than ten
years saw the change of at least six governments,
which have always had different priorities.
The text of the Electronic Trade Act comprises
seven sections, which include 23 Articles [12]. In
addition to this law, some other laws are relevant to
the development of e-trade in Serbia, including: the
Law on Obligatory Relations, regulating distance
trade, the Electronic Signatures Act, whose provisions pertain to the validity of circulating documents in electronic form, the Consumer Protection
Act, and the Criminal Code. All of these laws have
already been adopted. However, one of the adopted
laws demonstrates the problem of the development
of e-trade in Serbia. Although the Electronic Signatures Act was adopted on December 12, 2004,
the first electronic signature was used by the Prime
Minister of Serbia in December 2008.
Apart from the above laws, the Government of
Serbia adopted the Trade Development Strategy
on January 29, 2009. The reason stated for adopting this strategy was faster accession of the country into the European Union. Another aim of this
strategy is to provide more intensive competition
between trading entities on the domestic market.
The three key segments of this document are:
preservation and development of SMEs, encourVolume 6 / Number 4 / 2011

aging the entry of chains of foreign trade companies, and encouraging the expansion of domestic
trade company chains outside the borders of the
country. One of the sub-paragraphs (4.2) of this
strategy concerns the development of e- trade.
In addition to the above, Serbia also adopted
a plan for implementing the priorities from eSEE
Agenda Plus for the Development of Information
Society in South East Europe 2007-2012 [13].
This agenda was adopted during the South Eastern Europe Ministerial Conference on Information Society Development, within the Stability
Pact for South Eastern Europe, held from 28th till
30th October 2007 in Sarajevo. Signing this agenda was preceded by the adoption of a Joint Statement of Intent in Ljubljana on June 4, 2002, then
signing the eSEE Agenda for the Development of
Information Society on October 2002 in Belgrade,
followed by the Joint Statement on Intent for the
Development of Information Society signed in
Budapest on February 2004, and the Ministerial
Conclusions and Memorandum of Understanding
for Unified Regional Broadband signed in Thessalonica on 1 July 2005 at South Eastern Europe
Ministerial Conference.
Apart from Serbia, the Action Plan for implementing the priorities from the eSEE Agenda Plus
for the Development of Information Society in
South East Europe 2007-2012 was signed by Albania, Bosnia-Herzegovina, Croatia, Macedonia,
Moldavia, Montenegro and Kosovo (UNMIK), currently an active member of the CEFTA agreement.
The aims of the agenda are:further development
of a single SEE information space which promotes
an open and competitive internal market for information society and media, strengthening innovation and investment in ICT research and education
while working with the private sector to promote
growth and more and better jobs and achieving an
inclusive information society that promotes growth
and jobs in a manner that is consistent with sustainable development and that prioritizes better public
services and quality of life. The Action Plan was
adopted by the Government of Serbia on April 23,
2009, coming into force with its publication in the
Official Gazette on April 28, 2009.
In addition to the Government of Serbia, the
National Bank of Serbia is the most active player
impacting the external e-Market factors. The prob1271
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lem, however, lies in the absence of legal regulations enabling the National Bank to force commercial banks to act in accordance with its recommendations. One of the most ambitious products of the
National Bank of Serbia is its attempt to introduce
the national charge card (DINA) into the e-Market. With its activities, the National Bank enabled
online processing of DINA card. The National
Bank's portal [14] contains a detailed instruction
on the activities conducted by the National Bank
in introducing the DINA card into the e-Market
and also an instruction on how to join this project,
i.e. how to become a DINA card internet acceptor.
Unfortunately, currently there are five acceptors:
JAT Airways a.d., Telenor DOO, Frendee DOO,
Telekom Srbija AD, The Ministry of Finance. The
reason for such low interest should be sought in
the lack of interest of commercial banks operating
on the territory of the country to engage in launching products territorially limited to Serbia. Most
banks operating on the territory of the country are
foreign commercial banks, which are, without legal regulations, very difficult to force to do something in the public interest. Such banks operate
solely on economic principles, and regard entering
high-risk ventures as unacceptable.
As for commercial banks operating on the territory of Serbia, one can notice a lack of interest
in establishing an e-Market. An exception to this
is Banca Intesa a.d. Beograd, which launched the
product of online processing MasterCard and Visa
cards. All other attempts can be regarded as negligible, so that the fact remains that commercial banks

are disinterested in setting up a payment infrastructure of the e-Market of the country. The situation
is likely to change with the adoption of necessary
legislation that will regulate Serbia's e-market.
Besides the above mentioned reasons, the development of e-Market in Serbia is negatively
affected by the fact that “PayPal” service cannot
be used. Nowadays, “PayPal” service became a
standard for financial transactions which emerged
from trading on the Internet. The owner of „PayPal“ service is „Ebay“, the biggest online auction
and shopping website.
4. Conclusions and discussion
Conclusion 1: Unlike the development of external factors, the development of internal factors can also be irregular. The nature of the external factors is such that it is hard to expect the
possibility of their regular development. Their
development is conditioned by the development
of society as a whole, whereas creating preconditions for the development of internal factors of
the e-Market of Serbia will be realised through the
implementation of strategies not directly related to
the e-Market. The examples of such strategies include the Adult Education Development Strategy
adopted by the Government of Serbia in 2006, the
Poverty Reduction Strategy adopted by the Government in 2003, and the Telecommunications
Development Strategy from 2006 to 2010 adopted
by the Government in 2006. In addition to these,

Figure 5. The relationship between the development of internal and external factors
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there are a multitude of other strategies, adopted
mostly by the Government of Serbia, the implementation of which is the responsibility of individual ministries, and which indirectly encourage
the development of internal e-Market factors on
the territory of the country.
Provided that external factors do not emerge
as a hindering factor, each individual progress
of internal factors will lead to a rise in the quality level of the e-Market. External factors have a
completely different mechanism of action. Their
action must be harmonised and coordinated, because their failure to act in a synchronized manner will result in the creation of bottlenecks,
which will hinder the overall development of the
e-Market. Hence the proposal that the Government should adopt an e-Business Development
Strategy, and entrust the Ministry of Economy
with its implementation.
Conclusion 2: Internet processing of charge
cards should be facilitated for small retailers. It
is obvious that the rapid development of e-Market in Serbia requires significant investments in
infrastructure. This predominantly refers to the
creation of infrastructural preconditions for a simplified setting up of electronic shops. Setting up eshops requires payment processors, which would
process charge cards online.
Currently, there are two domestic companies
which have offered online charge card processing.
These are Banca Intesa a.d. Beograd, and Pexim
Solution. Whereas Banca Intesa offers processing
Visa and MasterCard, Pexim Solution offers processing Diners Club cards. A problem preventing
the large-scale use of domestic payment processors is the conditions of use, which are obviously
rigorous, and small firms cannot launch E-business
by using Banca Intesa's services [15]. The initiative to integrate the solutions of Pexim Solution
and Banca Intesa has existed for a longer period
of time, but none of the options include changes in
the conditions of use.
Conclusion 3: Potential investors can regard
the underdeveloped market as an advantage. An
underdeveloped market can be regarded as an advantage by the potential investors, because this
opens the space for investing in infrastructure.
Volume 6 / Number 4 / 2011

Such investment would yield long-term, continuous revenue. An example of such investment is
the investment of Pexim Solution and Halcom in
software for payment transactions between legal
entities. For a longer period of time already, these
companies have been the only ones to enable electronic transfers on the territory of Serbia. The eMarket sphere also requires investment, by both
domestic and foreign companies.
Conclusion 4: Incentive measures for setting up a banking network as a support for
the inclusion of the national payment card
(DINA) in the e-market are essential. It was
said in conclusion 2 that it is necessary to create
preconditions for making charge card processing more easily accessible to small retailers. In
addition, it is necessary to enable online processing of DINA, the charge card in the widest
use in the country. In our opinion, the National
Bank of Serbia should play the key role and influence the commercial banks to start processing the DINA card. Perhaps devising a payment
processor under the supervision of the National
Bank would, at this point, be the simplest, and
also the highest-quality solution.
Conclusion 5: The monopolistic position of
Telekom Srbija a.d. is a hindrance to the development of e-market. The data listed in Table 6
provide a basis for making an analysis of the share
of Telekom Srbija a.d. in the telecommunication
service market, taking into consideration the following premises: Telekom Srbija a.d. is the only
operator in the fixed-line telephony segment;
the total income earned by Telekom Srbija a.d.
amounts to X monetary units, which will be represented by 100 measure units, in order to facilitate
the analysis.
In view of the above assumptions, it is possible to conduct the analysis shown in Table 8. The
problem is partly related to the sphere of politics.
The responsibility for its resolution lies solely on
the Serbia and RATEL as a government body.
RATEL is obliged to create preconditions for free
competition in the fixed-line telephony domain.
Creating such conditions may cause a certain
amount of loss for Serbia, but in the long run, such
a move can only yield a positive effect. Just at the
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Table 8. Telekom Srbija a.d.’s share in the telecommunication service market
Telecommunications
technology

Telekom Srbija a.d.

Overall market

Analysis
Percentage
Total
Percentage
Total
of revenue
revenue
of revenue
revenue
Fixed-line telephony
54.0%
X
28.0%
Y
Part 1.
Mobile telephony
43.0%
X
57.0%
Y
Part 2.
The internet
3.0%
X
4.0%
Y
Part 3.
Radio broadcasting
0.0%
X
10%
Y
Part 4.
Cable distribution system
0.0%
X
1.0%
Y
Part 4.
If we presume that X equals 100 units of measure, we can conclude as follows:
For 54% of X to equal 28% of Y, Y should equal 193 measure units, i.e. 1.93X. This means that
Part 1.
the total revenue earned on the telecommunications market is 1.93 times as high as that earned by
Telekom Srbija a.d.
In view of Article 1, it can be calculated that Telekom Srbija a.d. earned 43.0 units of measure on
the mobile telephony market, while the total income on the mobile telephony market accounted for
Part 2. 57% of 193.0 measure units, i.e. 110.0 measure units. Placing the earned revenues in relation, it can
be calculated that Telekom Srbija a.d. earns 39% of the total income earned in the mobile telephony
segment on the territory of the country.
Part 3. Telekom Srbija a.d. earns 39% of the income in the internet segment on the territory of the country.
Telekom Serbia a.d. has no share in the distribution of income earned in the radio broadcasting and
Part 4.
CDS sectors.

time this article was being completed, the Norwegian-based company Telenor won the tender for a
licence for the second fixed-line telephony operator on the territory of Serbia. Although a great leap
has been made towards overcoming the problem
of monopoly, the situation is far from ideal. The
fixed lines are the property of Telekom Srbija a.d.,
and difficult negations about the hire of fixed-line
telephony cables are likely to take place in the
forthcoming period.
Conclusion 6: It is necessary to make continued investment in the education of citizens.
This conclusion needs no special elaboration. All
education-related indicators point to the need for
further education. The general education levels,
especially in informatics, are far beyond the European average, but not even reaching this point
would mean the end of learning. Education is a
permanent process. The results of conducted research (Table 4) still show a progress in this field.
Education system reforms have certainly contributed to such indicators, but the state is still facing
a lot of future effort before it fully attains the required level of citizen education.
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General conclusion
The e-Market in the Republic of Serbia is underdeveloped, but significant efforts are being made
on its improvement. There are also factors making
a negative impact pursuing their own interest, but
it is evident that national strategies and legislation
contribute to neutralising such attempts. The moment to invest in this field is more than favourable,
and it is the authors’ opinion that the e-Market on
the territory of the country is about to undergo expansion in the forthcoming five years.
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Abstract
This paper deals with children who have hearing impairment. One section of the paper consists
of didactic principles related to teaching children
with special needs. It also points at the possibility
of creating educational softwares for children with
special needs and e-inclusion. The possibilities
of using computers in preschool and educational
software devoloped at Technical Faculty “Mihajlo
Pupin” will be presented, too.
Key words: user interface, educational software, children, hearing impairment
1. Introduction
“Software in the field of education represents intellectual technology and it is called
educational computer software which includes
program languages and tools, certain teaching and learning organization based on logics
and pedagogy.” [1]
When we talk about designing User Interface
in relation to improving the interaction between
humans and computers (as a part of HCI), we
think, first of all, about designing Graphical User
Interface – GUI (Graphical User Interface). At
the beginning of computer usage, a good system
and a good software as well, was acceptable if it
»worked«, i.e., if it didn't have breaks and was
used mostly by programers. Nowadays, when
computers are used widely by users from different educational, cultural, intellectual, economical
and other background, a quality software must be
"user-friendly", i.e., easy to learn and simple to
use. In order to create a quality software appropriate to users, users should be included in software
developing process, too. The aim should be to un1276

derstand: users working tasks, thier mental state at
solving problems and the tools which are alredy
known to them. It is crucial to repeat software testing cycles by users and to implement the results
obtained by such testing into software.
2. Designing user interface
The first phase in designing User Interface
which should be considered is availability of
software to different types of users. It is necessary to take care that, for example, if the software
is designed for young children, it should be supported by speech, because young children usually cannot read. Besides, all pictures, texts and
sounds should be adjusted to the type of users of
the created software. For example, if the software
contains time limits, it is necessary to anticipate
the time for reading the text on the screen, but it
would be optimum if every user could select font,
colour of background, colour of navigation buttons, additional options, sounds, mute options.......
Moreover, it is important to anticipate the possibility that the children who attend inclusive teaching can use software, too.
Every software must have a possibility to be easily adjusted to language differences, users' abilities,
cultural diversities and hardware. The process of
creating software that can be used in countries with
diverse culture and languages with the option – to
be used in the language of the country – is called
localization and it represents a significant component of software. For this reason, it is necessary to
determine the culture and the language at the very
beginning of creating User Interface.
When we think about resolution that is most
appropriate to the type of software we are creating
user interface for, it is necessary to create an application which enables all the objects in the winVolume 6 / Number 4 / 2011
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dow to be at right place and visible in the smallest
resolution - 640x480.
Animation is a very important element of every Graphical User Interface, especially when it is
created for children. Animation can be a holder of
information, a source of entertainment, presentation of simulation...It can be a part of icons, buttons
or a cursor... In any case, it should leave an option
to a user to switch it off whenever he/she wants to.
However, animation must be the part of the theme
which is processed in the software and not a purpose by itself.
Unavoidable component of every Graphical
User Interface are pictures. Pictures represent the
only information holders in software created for
chidren with impaired hearing. At the very beginning of creating a User Interface visual component
it is necessary to determine the purpose and the
use of pictures in the software and to keep consistency at designing icons, a toolbar, cursor, background pictures, navigation buttons pictures...... In
any case, pictures must cause a feedback reaction
and not drive off the users.
At designing Graphical User Interface it is
necessary to incorporate the size, style, space, levelling of the text... Texts represent a source of
information (ex. the contents of the teaching unit
in interactive educational software) that appear on
buttons in the form of messages, in check, list and
combo boxes and in other controls, links......
It is of crucial importance to use some of standardized Windows fonts for representing visual
information. The same font size can appear differently depending on the font type.
The next potential phase in creating User Interface is selection of sounds. Sound can be a good
source of information in software in the form of
speech, music, sounds effects but it mustn’t be
the only source. Sound is totally useless in software created for children with impaired hearing.
The best solution is to use sound as a secondary
source, because its use can certainly improve User
Interface but it is necessary to leave a user an option for switch on and off.
A special attention should be paid to links at
designing User Interface of interactive educational software. Hyperlink can appear in the form of a
text or graphic or in both forms. Hyperlink represents a link with other locations and it is a piece of
Volume 6 / Number 4 / 2011

information itself, while shortcuts represent only
icon object presentation that serves for accessing
them. Shortcuts always have names while hyperlinks needn’t have them. Textual hyperlinks are
mostly underlined or they have a different colour.
A systemic colour adjustment of the visited hyperlink is recommended. Bold texts that should represent a hyperlink have to be avoided because they
can confuse users.
When graphical hyperlinks are created it is necessary that they are designed to be different visually. Users often have problems in differentiating
graphical links from software contents. Hence,
it is necessary to change the cursor in a »finger«
when passing over a graphical link – the same is
done when textual hyperlinks are created. Graphical hyperlink should be followed by a text.
The following preconditions should be satisfied at designing User Interface:
–– knowing human perceptive, cognitive and
neural processes at processing information,
–– knowing and best use of multimedia aiming
at better manipulating information,
–– improving usability,
–– knowing the way how people exchange
information and the methods they use,
–– knowing interhuman relationships,
–– knowing how people use information at
solving problems, planning, decisionmaking, explaining individually or in team/
group.
There are also some essential elements that
should be taken care of at designing User Interface:
–– navigation through interface – it is
necessary to define clear rules and it should
be universal on each screen,
–– screen organization – it should be adjusted
to the type of user and all screens of every
module should be organized in a similar
way (navigation buttons, text, pictures,...),
–– attracting user's attention – an appropriate
size of icons, screen, colour and font (use 3
at most), sounds should be chosen.
–– easier data input – especially when
designing User Interface in softwares for
children ( reduce keyboard usage), it is
necessary to avoid input of unnecessary
data.
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Usability is a multidimensional concept which
causes satisfaction, efficiency, easy learning, flexibility, security...It increases efficiency and productivity, reduces errors, increases acceptability,
reduces costs...Usability should be taken care of in
all aspects of design, especially at: defining user's
needs, designing interface itself, creating prototypes and evaluation.
Usability can be measured, according to [3], by
the following techniques:
–– inspection – it includes experts from the
field who examine user interface through
heuristic evaluation, cognitive development
process (it simulates task performance at
all stages), public development process (it
assumes evaluation of every step in presence
of potential users and relevant experts),
check lists...
–– testing – users' satisfaction, users'
performances in their standard ambience...,
–– interview (interviews, polls, users are asked
direct questions about software usability.

–– interface design for older users – majority
of users from this group have fear from
computers but they are unconscious of
benefits that they could have from using them.
–– interface design for children – they use
computers for education and entertainment.
Children who still cannot read use computers
easily; it is only an example and indicator of
the fact that children begin using computers
very early. Because of this creating User
Interface for children, both educative
software and games, is of great importance.
Adopting new technologies is very easy for
children. Qualitative software for children
causes a desire for learning and an interaction
with it leads children deeper into the subject
in an easy and interesting way.
–– software and hardware platform – one
of the problems can be creating education
software, for example, if a school does not
have a adequate equipment.

It is necessary to take care of a lot of aspects at
designing User Interface. All of them are leading
towards universal usability which deals with, according to [3], the following problems:
–– differences in physical abilities and in
working ambience – it is very difficult
to design interface that will suit cognitive,
perceptual and motor skills of all users. It is
impossible to satisfy all users, so the solution
of the problem is in creating several versions
of the same system. It is also essential to
anticipate working ambiance, for example, a
classroom with a certain number of computers,
their organization in the classroom.....
–– cultural and ethnical diversity – it is very
important in multinational communities.
Every language and culture have their specific
features and signes. Some of the examples
are: different format of date, numbers,
measures, phone numbers, addresses, names
and titles, manners, metaphores....
–– users with special needs – a special scientific
discipline is dedicated to designing User
Interface for these special users (accompany
the text with a voice, for users who are not able
to see a voice data input must be enabled...),

3. Evaluation of user interface
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Evaluation of User Interface is essential in order to get a usable User Interface.
In any case, among determinants of an evaluation, according to [4], the following should exist:
–– design phase (starting, middle, final),
–– project’s innovation,
–– the number of experienced users,
–– using interface in tightrope,
–– prices of products and means for testing,
–– available time,
–– experiences of design team and evaluation
team.
Even if evaluation is carried out according to
all planned phases during the life cycle of interface and if all aspects of design are examined,
uncertainty always exists. Because of that there
are lots of evaluation methods of User Interface
which can examine every phase in detail, as well
as a type and needs of software users and different
situations in which the software can be used, too.
Expert control can be carried out in the starting
or final phase of design. It assumes engagement of
experts from the relevant field or experts for evalVolume 6 / Number 4 / 2011
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uation of User Interface who may but needn’t be
the members of a design team. The job of experts
is to notice and mark the problems in User Interface and to leave designers to solve them. There
are several methods of expert control, [4]:
–– heuristic evaluation,
–– review of directions,
–– consistency control,
–– cognitive pass,
–– formal control of usability.
The created software and its User Interface
should be evaluated even after certain time of active using. It is the best to involve as many users
as possible in evaluation process and all those who
have used the software may give comments about it.
Revisions should be performed once or twice a year.
There are several types of evaluation during active using:
–– interviews and discussions in focus groups
(series of individual talks are organized so
in focus groups, during discussions, the
members come to universal comments);
–– continual data evidence about users'
performances (in data bases are kept messages
containing users' errors, frequency of using);
–– on-line or phone consulting (users address
expert consultants by free phone calls, who
can watch, during the call, what is going on
on the user's computer);
–– box for on-line suggestions and reporting
problems by e-mail (users send their
suggestions by e-mail);
–– discussion groups (forums) and online conferences (users exchange their
experiences while they use software, discuss
actual problems they face while using the
software, offer their solutions...), [4]
4.  Visual user interface
Visual User Interface (VUI) has the main role
in dynamic User Interface because it enables a
user to take a more active role in the process of
visualization and data researching. VUI is used in
the analysis of a great number of data.
One of the most frequently used VUI-techniques is drill-down. It enables zooming of certain
Volume 6 / Number 4 / 2011

parts of information. A user accesses and manages data contents as if they are pictures viewed
through camera zoom. Moreover, it enables scaling of the object in working space, so different
levels of watching expose more or less details depending on the scale. Visualization, itself is used
for navigation among data.
Visualization methods of User Interface, according to [5] are:
–– focus and context display are developed in
order to solve problems related to presentation
of great data assemblies on computer screens.
There are several options for presentation
of 'focus and context'. The method can, for
example, combine focus display, which
presents a part of the whole with lots of
details with context display, which represents
the whole picture with low details in order to
provide the presentation. The current interest
point of the user determines focus position.
One of the first focus and context displays
was bifocal display. It introduced horizontal
distortion of material outside focus. Viewed
afore, one or two items are in focus while all
the others are presented in bird perspectiva.
–– In 3D world by using animation and lense
distortion »fish eye« users can see relations
between the range they are watching and the
previous view. As a result, users don't have
to be mentally stressed in order to manage
the context and, in that way, conclude
»where they are«.
5.  Adjustment of user interface to children
with impaired hearing
In the work with pre-school children with impaired hearing special didactic principle, adjusted
to their needs, are used.
They are:
–– Example
–– Active approach
–– Interest
–– Interesting things
–– Evidence
–– Gradual work
–– Repetition
–– Individual approach
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Example plays an important role in teaching
and education of pre-school children with impaired hearing. In this age example means imitation. Pre-school children are suggestible, they easily accept what they are shown, especially if adults
do that. Example is most appropriate for the work
with medium and older pre-school children.
The principle of active approach is present in all
work methods related to pre-school children with impaired hearing. This principle is based on biological
need for moving and action. Children acquire knowledge, habits and they become familiar with their surroundings through active relation with reality.
Children’s activity can be expressed best through
games, drawing, modeling, constructing, self-service, rhytmic movements. Children's activities are
never objectives in themselves. Character, shape,
form and content of these activities are changed
along with general development of children. In
the early age children's activities are not directed
towards a definite aim because they cannot focus
their attention on one object. Later, when they get
older, children's activities are more meaningful and
they are directed towards definite aims.
Activities or contents offered to pre-school
children should be: interesting in order to attract
their attention because in this age emotions are
stronger than intellect and will and intellectual efforts are still weak. If the work content is interesting to children it can encourage their intellectual
efforts, their imagination and mind become more
lively which contributes to better memory and
solving intellectual tasks.
Computer games which encourage children's
interest have the following characteristics:
–– games which require some efforts are more
interesting to children than those which do
not require any effort;
–– too easy and too difficult games are not
interesting to children;
–– games have to be difficult enough to require
certain effort but, in the same time, they
should enable children to fulfill the task and
feel satisfaction after that.

The principle of evidence must not be considered as mere watching but as differentiating the
essential from inessential in phenomena that are
watched.
Special features of evidence are:
–– at creating User Interface it is necessary
to differentiate essential from inessential
elements;
–– watching a concrete phenomenon should
induce children’s attention and mind to
operate towards knowledge acquisition;
–– during watching it is best not to show lots
of new details (notions) because children
are not able to accept and acquire a lot of
information;
–– evidence principle is directly connected
with cognitive, manual and work activity;
–– this principle should be systematically
guided from easier towards more difficult
tasks, from concrete to abstract problems.

Children with impaired hearing are mostly oriented towards visual comprehension of the world.
These children watch and examine, notice details
more than expected.

In the process of knowledge or habits acquisition it is important to respect the principle of
graduation. First of all, it is necessary to take
care of the previous knowledge and skills that
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In order to confirm the aquired knowledge, remember, automate and apply it, repetition is necessary.
There are some specific features of repetition
concerning the work with children with impaired
hearing:
–– repetition must not be monotonous,
mechanical, stereotyped. Such repetition is
unproductive, boring, it doesn’t give good
results and the knowledge acquired in this
way isn’t long-lasting.
–– repetition should be carried out in the form
of diverse but essentially identical tasks and
games;
–– it is important to create the games which are,
according to their content, interconnected
and which repeat and continue already
acquired content but in a different way.
–– repetition is especially necessary for
establishing habits, because only by
repeating children can achieve automation
without engaging consciousness and
excessive use of force.
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children with impaired hearing possess in order
to deepen, expand or correct it, if necessary. The
contents of children’s work should be gradually
made more difficult by giving them more complicated tasks and complex operations. This principle is very important for the right development of
children with impaired hearing. Moreover, in this
way, burdening children with unrealistic requirements is avoided. In some stages of educational
work and in some parts of program contents realized on computers there can be more respect of
graduation than in the others.
Individualization of work in pre-school classes for children with impaired hearing is consisted
of the following: general methods and principles
of user interface are adjusted to every child individually which secures intensive general development of it. It is necessary to approach every child
and not only those who are exceptionally prosperous or weak. Individual abilities of every child
have to be taken into account in order to satisfy
and develop its interests and preferences, according to individual abilities.
6. Examples of educational softwares for
children with impaired hearing – the
research results
Educational softwares have been researched
successfully for years at Technical Faculty ”Mihajlo Pupin” in Zrenjanin. At the end of semester
students have to realize an educational software
within the subject Designing educational computer software.
One of these softwares is a software for mathematics which is adjusted to a type of user and
depending on his/her ability to hear he/she has an
option of getting voice instruction.
There is one more software for mathematics
whose complete contents is designed with many pictures, noticeable and associative, created for children
in the early educational stage. Graphical User Interface of this software is presented in the picture 1.
»Educational computer software for mathematics/tenner/« is consisted of the following fields:

–– Do it yourself
–– Help
––

Figure 1. ”Education software for mathematics”
Learn – this field helps a student to learn which
is the first tenner, hundred, and he/she can see various examples which points at this field.
Addition – a student studies how to add tents,
tents and units and he/she can see the examples.
Substruction – it is a field similar to addition,
the difference is in the fact that tents are substructed. This field is also rich in examples.
Do it yourself – this title hides a field which is
characteristic for knowledge testing that a student
could acquire from the previous three fields. This
field is organized in the form of a test in which a
user is given a shuffle question and he/she has to
answer it. Then, a user is given feedback information about his answer. Going to the next question
is possible only when a user answers correctly.
Software for the subject- The world around
us- for the first form of primary school (picture
2), is very intuitive. The main menu contains the
notions Day, Month, Year and by a simple click
we can go to the selected material. By moving
the mouse over any notion, in the form of hints it
is possible to get additional explanation in a few
words. User interface is very simple and it is adjusted to children with impaired hearing who still
cannot read well.

–– Learn ...
–– Addition
–– Substraction
Volume 6 / Number 4 / 2011
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7. Conclusion
The use of computers and educational softwares in the earliest period for children with
special needs (pre-school children) according to
many researchers, has both advantages and disadvantages.
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imposes new work methods from the first step of
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and improvement of the existing softwares with
the aim to make inclusion easier to children with
special needs.
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Abstract
Unlike the recent past when it was thought that
the world we live is consists of energy and matter,
today we are witnessing in the 21 century prevailing awareness that the world consists from energy,
matter and information.
In this paper is presented the use of information in managing the optimal inspection interval
for mechatronic system. As a tool for information
processing is used artificial intelligence and presented a model of multilayer forward neural network (feed forward neural networks).
In relation to regular methods which are in used
to determine the optimal inspection interval for a
system, this method gave more accurate, precise
and optimal inspection intervals for. mechatronic
systems.
Key words: Information, artificial intelligence,
neural networks, optimal inspection interval, mechatronic system.
Introduction
In designing the matter of this paper, authors
used their own experience in the using mechanization for the mining industry (in this case for coal
mine "RMU" Banovići).
Permanent requests for higher production on
surface mines resulted using of highly productive plants, such as continuous conveyor systems
Čubrić - Draganja. Improving continuous conveyor system had a long development time associated
with the development of production technologies,
equipment and the general technological development in the world, which was characterized by the
development of systems for control.
Volume 6 / Number 4 / 2011

Experiences in operation have shown that most
of the working equipment not losing their functional characteristics at once; it is a process which
is continuous. Damages and failures effects are
slight wear during operation and works, but a hint
of damage and failure occurs much earlier.
Due to that is necessary to develop appropriate methods and procedures to predict the possible
cause of failure or damage and to take into account
of maintenance costs and system reliability.
1.  Analysis of current methods of maintaining
For the former way of maintenance is mainly
used a corrective maintenance. During use of corrective maintenance methods, an integral part of
the system remains in the system until the time
of failure. After the failure, damage part replaced
with new or repairs the same part. If integral part
of the system used until the final damage, as result has damage of other components, so the total
damage increases considerably.
Corrective maintenance for the continuous
conveyor system and other technical systems what
is needed is less use and apply and mainly to cases
when damage of integral part of the system can
lead to serious breakdowns and failures, long-time
state "in failure", the high cost of maintenance and
endangering the safety of workers.
In continuous conveyor systems, failure of any
element of the system which causes failure of the
entire system with working link.
Maintaining the system should be organized
so that reaches maximum efficiency. One way of
maintaining system is that it works until the failure, followed by repair. Such a method of treatment systems can be very expensive, particularly
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due to losses in production caused by failures. To
avoid such a way of problems, especially in expensive and complex systems is necessary to select preventive maintenance, which consists of
a planned intervention in certain periods of time
based on the technical condition of component
parts or systems.
2. Determination of the optimal interval
for system inspection
Preventive maintenance in practice often use
not by the classical way as a planned activity, but
on principle of "condition based maintenance". It
is a form of maintenance which is using continuously, depending on the state of technical systems
at a given moment and whether or not a certain
value is out of the desired limits. The method of
"condition based maintenance" as a form of preventive maintenance is now widely used. By essence, this is a preventative maintenance mode.
Maintenance work by using the method of "condition based maintenance“ are performed before the
failure, but not planned, but as periodically carried
out inspections and controls to determine the right
balance for technical systems.
It is useful to point out that this method of
maintaining does not mean just run checks on the
equipment without the intervention of maintenance, it means to have available certain information about the state of the system, if system is reliable enough, knowing the state of the system as
effects have reduced the number of interventions
for maintain. The validity of the system is based
on the validity of information and frequency of inspection. On the basis of the parameter collected
through inspections, it gets an adequate picture of
the given system [1].
2.1 “Baldini” Model and statistics estimate
Preventive maintenance consists in determining the technical condition of components or systems. A problem that could be imposed, it consists
in the proper selection of the optimal inspection
interval for mechatronic systems, because in practice, during the operation of a system, rather than
1284

use preventive intervention is necessary, varies
considerably in different situations for different
conditions of activity and behavior of different
system components.
In real conditions of use the system, the process between the two border states ("in work" and
"the failure") passes through many "intermediate
state". Therefore it is necessary to gain most important information about state of the system, and
therefore in the necessity of implementation of
maintenance procedures on the basis of occasional
diagnostic status.
The problem is reducing down to the calculation of the probability that one of the integral element will fault during the interval between two
consecutive state diagnostics, minimizing overall
maintenance costs. Strategy for implementation of
system diagnostics is in determining the optimal
inspection interval t1, t2 ......... ti ........ tn, for diagnostic control of the system, to achieve the lowest
cost value.
In practice is in using a various number of
models for determining the optimal interval for
diagnostic control of system status, such as; model
Barlov-Prochan-Hunter, Baldini model based on
"minimal cost", model Baldini for the "accidental" cancellations, Baldini model for the "late" layoffs, Govoruščenka model, model-Krivenka Harz
Mountain, etc.
To determine the optimal interval control diagnostic for the system was used model Baldini
for the "accidental" cancellations. Model is based
on the assumption that the time between diagnosis
condition state is ti, ti+1 = const.
Applying the model Baldini for minimizing
maintenance costs (670,000.00 KM) continuous
conveyors system Čubrić - Draganja, has determined the optimal interval inspection for system
state t1 @ 20 days, which means that the first inspections carried out 20 days after an intervention
or replacement, and the next inspection will be
done in constant intervals of every 20 days to predict failure of the system [1].
Statistical estimation (Gaussian distribution) of
cost allocation of maintenance and inspection intervals for the system (processed using a software
tool "Data Analysis" to analyze the data contained
within Microsoft Excel), is determined by the mean
value of maintenance costs (562,885.00 ± 80038.00
Volume 6 / Number 4 / 2011
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KM) for continuous conveyor system Čubrić - Draganja, as well as state of the system for inspection
interval t1 @ 19 ± 4 days, which means that the first
inspections carried out 19 days after an intervention
or replacement. The results obtained statistical estimates are given in Table 1 [2].
Here it is necessary to emphasize that the computation of the optimal inspection interval systems
using model Baldini for the random "failures",
and statistical estimates (Gaussian distribution),
it gets mean time interval for inspection. Therefore, in this paper is describes the application of
neural networks, as intelligent tool in determining
more accurate and precise inspection intervals for
the technical system, which affects directly on the
cost reduction.
2.2 Neural networks model
Artificial neural networks have an extremely
wide range of applications in process as: optimization, linear programming, robotics, identification of
complex dynamical systems, control and management systems, signal classification, communication, translation from one language to another, etc.
Serious application of artificial neural networks
is in medicine for diagnostic purposes and in the
robotic process. The main characteristic of neural
networks is that it must have ability to learn quickly
and structure should be as simple as possible. When
it comes to the implementation of neural networks,
then we have high hopes in the development of
optical neural networks in which communications
take place with lightning speed, with automatic
modification (adaptation) parameters through computers networks and liquid crystals [3].
Depending on the set criteria can be obtained
different categorization of artificial neural networks. Artificial neural networks can be a single
layer and multilayer. Typically for a multi-layer

network is that have input and output layer, and
between them are so called hidden layers. If the
layers of neural network link so that the signals
travel in one direction only from input to output
network, then we talk about forward neural networks (feed forward neural networks).
If there is at least one loop (the opposite direction of the signal) it is a feedback neural networks
(or feedback recurrent neural networks) [3]. In principle, there is different supervision (under supervision) and not supervision (unsupervised) learning
neural network. Supervision learning requires an external „teacher“ for neural network, which observes
the behavior and correcting the same network until
it gets the desired behavior of the network.
Not supervision learning neural network does
not use an external teacher. Here, the neural network
itself organized, so the network learned using this
method is called self-organizing neural network. At
the entrance to the network leads to a set of input
variables, a self-organizing network is adjusting its
parameters (weight) by a defined algorithm.
Here it is necessary to emphasize that the application of neural networks in this work (through
learning and testing) is aimed to accurate and precise determination of the optimal inspection interval for the conveyor system Čubrić - Draganja.
Based on the above, in order to choose appropriate neural network model, it is necessary to adopt
and define the basic parameters that make up the
structure of the network, like as input layer, the
number of neurons (distributed in the hidden layer
- between input and output layer), the output layer,
the initial weight of network value (neurons).
As it has previously shown, in order to make the
choice for adequate models of neural networks, it
is necessary to adopted and determine the basic
parameters that form the structure of networks as:
–– For the input layer of the network is adopted
a technical inspection interval for system
which is given in days (Table 1),

Table 1
The name of the data obtained
Mean Value
Standard deviation
Variance
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Continuous conveyor system «Čubrić - Draganja» in  «RMU» Banovići
Maintenance costs
562.884,55 KM
± 80.038,43KM
6406151059,5

Inspection Interval
19,06 days @ 19 days
± 4,1 days @ ± 4 days
19,41
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–– Ten neurons are distributed between the
input and output layer in a so-called two
hidden layers of five neurons,
–– For the output layer of the network is adopts
the cost of maintenance for technical systems
(Table 1), corresponding to the input range
for technical inspection systems,
–– Baseline value of the neural network, which
are usually determined by a random number
generator.
For the purposes of simulating the real process,
was performed evaluation of distribution system
maintenance costs from failure to an inspection, as
well as simulations of real systems for different inspections, from 19 days ± to 4 days, in order to determine the costs of maintaining conveyor systems
‘’Čubrić – Draganja’’, which confirmed the applicability of the results and taking statistical evaluation into account the standard deviation (Table 1).
Therefore, the inspection interval (19 days ± 4
days, Table 1) for a simulation will represent the
input value and the cost of maintenance (562,884.5
± 80038.4 KM KM Table 1) the desired output of
neural networks, which may be compared with the
calculated output value of neural network.
Based on the foregoing, it can adopt the model of
feed forward neural networks, which will be through
learning and testing giving more accurately and precisely determine the optimal inspection interval for
minimizing the cost of maintaining conveyor systems Čubrić - Draganja. For translate summation
(sum of products of input neurons and associated
value factors) to the output neurons via non-linear
gain for this model of neural networks, commonly
is in used sigmoid nonlinear activation function
"tansig". On the basis of the adopted and certain parameters, it follows that the neural network needs
to have input and output layer, and between them
two hidden layers, which means that it is a multilayered feed forward neural network. For learning and
testing these neural networks were used supervision
learning, which requires an external "teacher" for
neural networks, which observes the behavior and
correcting the same network until it gets the desired
behavior of the network. At the beginning of the
learning network, parameters (network value) are
set as small random numbers and then used supervision learning, whereby on the basis of a network
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error after the signal first pass from input to output
(first iteration), it first adjust the parameters (value)
for output layer, and then set up a hidden layer of the
network. Information which a neural network produces for set of output variables is compared with
the desired set of output variables, a difference from
desired and actual network outputs (error) network,
is used to calculate the value of new networks.
The process of "learning" neural network (Figure 1 and Figure 2) was repeated 4000 times for
above system, until the network error is minimized.

Figure 1. The process of "learning" neural
network for the transportation system "ČubrićDraganja"

Detail - Figure 1

Figure 2. The optimal inspection interval for the
transportation system "Čubrić-Draganja» was 16
days, which is identical to 81 simulations
Learning and testing this feed forward neural network was obtained the optimal inspection
interval for continuous conveyor system Čubrić
- Draganja, which is 16 days with maintenance
costs of 586,000.00 KM.
Volume 6 / Number 4 / 2011
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The results obtained for optimal inspection interval for continuous conveyor systems "ČubrićDraganja, " and cost of maintaining the system,
are shown in Table 2 [2].
To have an insight into the state system, it is
necessary to have insight into its components,
or it is necessary to determine the expected time
failure of all components, to determine is interval
obtained by the inspection system is less than the
expected time failure of components of the system
(Figure 3).

Figure 3. Time expected for cancel the components of the conveyor system "Čubrić - Draganja»
By interaction optimal inspection interval (t =
16 days) for state of mechatronic systems obtained
by learning and testing these feed forward neural
network and frequency failures for system components, are determined the expected time for failure
of system components:
Rotary crushers		
ta = 18 days,
A four chain-raker		
tb = 20 days,
Belt conveyor GT-2		
tc = 21 days,

Belt conveyor GT-1 and GT-3 td = 23 dan,
Collecting conveyor		
te = 24 days.
Based on the presented, it is seen that the failure
of system components is greater than the optimal
interval inspection for system (Figure 3), which fully provides insight into the state of system before
the failure of system components or systems [2].
3. Conclusion
In the coming years an increasing number of
research teams will work on the issue of artificial
neural networks and artificial intelligence in general. In this sense, will intensify research of biopsychology and mental processes of human brain
by researchers from the relevant medical disciplines. These results will take technical and other
sciences with the aim of improving the performance of artificial neural networks and artificial
intelligence systems.
An interdisciplinary approach to this issue becomes an imperative of our time, and it is expected that the degree of interdisciplinary will increase
in further. The present trend for development of
mechatronic systems is directed toward adaptive
processing of information, which belongs to the
artificial neural networks, which have the ability
to be incorporated into systems of exceptional
ability to learn.
Knowing that the cost of maintaining the system depend on the inspection interval, or increasing the frequency of inspections, fall maintenance
costs due to reduction in the number of failures,
thus increasing the probability for being able to
predict failure of the system, enabling intervention
planning, and thereby increase stability and economic efficiency.

Table 2
The optimal interval inspection and maintenance systems

Maintenance costs
Interval for inspection system
Volume 6 / Number 4 / 2011

Model Baldini
for the "accidental"
cancellations
670.000,00 KM
20 days

Statistical evaluation
(Gaussian)
562.885,00 ± 80.038,00 KM
19 days ± 4 days

Model - feed
forward
neural network
586.000,00 KM
16days
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In contrast, more frequent inspections cause
greater direct costs of inspection. Based on the
presented, determining the optimal inspection
intervals for technical systems using neural networks as intelligent tools in the maintenance of
mechatronic systems, demonstrates the possibility
and full validity for implementation of neural networks in this field.
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Multimedia Requirements
of Software for Computer
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Abstract
This paper describes design, usage and multimedia properties of developed application Edukator. Edukator supports learning in computer classroom and enables screen content exchange and
control between student and teacher. Picture transfer speed and safety represent an important factor
in the design itself. Program is made on the basis
of an altered client/server model. Measurement of
the number of pictures per second in virtual and
real environment yields results confirming high
demands of the application on computer and especially processor and memory resources. The main
purpose of such application is to provide help with
all types of education in educational institutions. It
can also support network administration and control of remote computers activity.
Key words: Computer Supported Cooperative
Learning (CSCL), Data Transfer, Education, Picture Compression.
1. Introduction
This paper presents and analyzes an application
developed for the purpose of supporting classes
conducted on many computers, similarly to [1]
and [2]. To both a teacher and a student the application in question offers a series of options referring to display, choice and control of contents
and computer operation. These possibilities might
considerably contribute to theoretical classes
when the teacher explains the contents of a teaching unit by using presentation and multimedia programs, software development environments/tools
and simulation tools, as illustrated in [3] and [4].
Significance of these options is even greater when
Volume 6 / Number 4 / 2011

it comes to laboratory work or examination, when
the teacher has to help a student solve a certain
problem or control his/her work [5]. By means of
this program this might be achieved from teacher’s
computer to a greater number of students. On the
other hand, a student may ask the teacher a question without other students interfering. Students’
chatting with each other is a bit more limited especially during the exam. The aforementioned opportunities enable extremely good and conflictless
support to computer supported cooperative learning, as proposed in [6] and [7].
The developed application called Edukator is extremely rich in various program technologies. Since
this is a very computer demanding application, the
paper analyzes its performances and their link to
technologies used, stressing thereby both advantages and shortcomings of each of them. Applications
of this type, including Edukator, are demanding due
to huge quantities of data to be exchanged through
the network, as shown in [8] and [9]. These large
quantities of data are a result of using the aforementioned and often very demanding software tools, a
possibly great number of users, and most frequently
multimedia luxury, often too exaggerated, but normal to computer users of today. Therefore, we have
been searching for an optimal way of increasing
the speed of executing user demands for years, i.e.
decreasing data delay among participants involved
in the learning process. This application presents
complexity of the problems mentioned, but it also
gives a certain breakthrough in their solution, using
advanced software technologies and procedures.
The application underwent a series of tests in real
environment.
The goal of this paper is first of all to present
possibilities and principles of computer supported
cooperative learning built in the application called
1289
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Edukator. In the context of these demands, possibilities and limitations of advanced software, multimedia and network technologies are analyzed.
Finally, following an analysis of experimental results obtained by measurement and questioning the
users, the paper lists advantages and shortcomings
of such approach to learning, as well as recommendations for developing similar applications. A reference to commercial applications is made, which
is never a rewarding subject, but in this case it is
necessary for the purpose of comparison.
Section 2 briefly describes the goal of developing the application in question and benefits it
brings to both teachers and students in the teaching process. Section 3 describes the application
and the way it has to be used. Every single option and the graphical user interface are described
thoroughly. The installation procedure is also
explained, and this application is compared and
contrasted to other applications designed for similar purposes. Section 4 describes an application
software solution. Application operation in control and presentation mode is explained. Software
mechanisms used and reasons for their choice are
also mentioned i.e. explained. Section 5 provides
measurement results and their analysis, as well
as evaluation by users, i.e. students and teachers.
From such analysis there follow conclusions as to
increasing optimality of application operation in
terms of software, hardware and users.
2. Purpose of the edukator
The developed application should represent
good software support helping with conduction of
classes. In the process of developing the application, the main goal was to make it as user-friendly
as possible, but also to implement all functions
necessary for comfortable multi-user cooperative
learning [10]. It is important for the application to
be easy-to-use and simple because of its users. Application functionality is directed towards increasing learning efficiency and that is enabled by the
following:
–– Increasing the level of conflictless
cooperation among participants in the
process of learning and examination. That
is guaranteed by a fast and transparent
1290

communication, as well as direction and
authorization control in communication and
approach to data and computer resources.
In other words, the teacher has control over
students’ computers and a possibility to
respond to students’ queries all together or to
every student individually [11]. A student has
a possibility to put a question to the teacher
and to communicate with other students on a
limited scale.
–– High quality of display in terms of multimedia
and contents. It is best manifested in screen
content transfer from the teacher’s screen to
all computers in the classroom in real time, as
proposed in [12].
–– Attractive, user-friendly and functional
working environment which contributes to
increasing work motivation and concentration
on problem-solving, as in [13].
3.  Description of the system
3.1 Potential of Edukator
Most significant and fundamental strength of
this software is the possibility of sending a picture
from the teacher’s screen to all other computers
in the classroom in real time. A lecturer can also
enable transfer of a picture displayed on screen
from any student to all other computers in the
classroom or to just some of them. In addition, a
lecturer can directly interfere in the work of every
individual student by taking over partial control of
his/her computer. In that case, on his/her screen a
lecturer can see student computer screen content,
and keyboard and mouse messages are transferred
from lecturer’s computer to a remote student computer where they are executed. The lecturer is
thereby directly involved into activities performed
by students and can help them with task execution.
The possibilities mentioned aim at facilitating the
teacher-student interaction, increasing the level of
students’ attention, thereby speeding up the process of learning and increasing its efficiency [14].
Depending on the choice, control options offer a
possibility of monitoring what every single student
or more students are doing at the same time. Every several seconds another computer is monitored
Volume 6 / Number 4 / 2011
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or four computers in a sequence are monitored. In
that way execution of teaching tasks is significantly
facilitated and accelerated. In case any of the students needs help, it suffices to click on the picture
displayed on the screen of the computer under consideration and the lecturer gets overall control over
his/her computer and is able to help.
If the lecturer requires students to be more attentive, in addition to asking for their attention, it
can be imposed. It can be achieved by blocking
keyboards and mice on student computers, but
also by making screens of their monitors black
which makes them unable to work. In that way undivided attention of students is expected to be redirected towards the lecturer, what should increase
efficiency of his/her lectures.
Since after classes while being in a hurry students sometimes leave computers switched on, the
teacher is left with an option of shutting down all
computers in the classroom – simply by clicking
the mouse.
3.2 Comparison to other applications
Similar applications, though not numerous,
have existed for years. These are e.g. Net Control
2 [15], NetOp School [16], NetSupport School
[17], VirtualClass [18] and WebCT [19]. Some of
the advantages of these applications with respect
to Edukator are the following: number of pictures
transferred per second, improvement of user interface, and technical support. These advantages are
expected in relation to the application developed.
Namely, since these are commercial applications,
they are developed by huge teams of programmers
by means of sophisticated software technologies.
Algorithms used for picture compression and
transfer are optimized, analyzed and improved
constantly, as proposed in [20]. This application
uses exclusively free technologies, so that along
with its advantages it might be extremely helpful
to a wider audience. Advantages of this application that have to be emphasized are as follows:
1. Simple installation
Application is installed completely independently. It suffices to copy a client application to
teacher’s computer and run it. At that moment,
the application will search for all computers in
Volume 6 / Number 4 / 2011

the classroom, copy itself to all of them, and start
running as a service. Within several seconds all
computers are ready to work, and a client application has control over all of them. It is known that
the usual installation procedure is longer, since
the installation CD should be inserted into every
computer individually and then installation is to
be carried out.
2. User-friendliness
As proposed in [21], user-friendly and intuitive interface of this application enables its simple
usage. Similar programs would usually have an
interface crowded with menus and icons, what
makes its usage much more difficult.
3. Short execution code
As the application is made such that it requires
neither additional system modules nor software
development environment modules, execution
code is of extremely short length, less than 1 MB.
Programming an application bearing that goal in
mind was much slowlier and more difficult, but its
size is reduced considerably, whereas the speed increased. It is that property which enables program
distribution to all computers within a few seconds.
4. Speed of program execution
In contrast to Edukator, as a rule, the length of
a commercial program execution code is much
greater, which slows down the execution.
5. Inclusion of only especially important
options into application
With the majority of programs abundant options
are to be found. Although this is mainly considered
an advantage, it is more often a shortcoming. Indeed, accumulation of unnecessary options leads to
confusion of users. While developing this application much more time was spent on automation and
the ability to adapt the application to working conditions, than on adjusting parameters that are more
important to programmers than to users.
3.3 Application usage
3.3.1 Installation
A great advantage of this program is the installation from one computer. Namely, it is not necessary to install the application on all computers. It
suffices to copy the client execution database to
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the teacher’s computer and run it. After that, the
server application database is taken from the client
application and stored on the hard disk.

nique employing so-called hooks to make a chain
of procedures as an event handler. Thus, after the
handled event occurs, control flow follows the
chain in specific order. Figure 3 shows that procedure in our client-server application. Installation ends with that procedure and the program is
ready to be used on all computers.

Figure 1. Creation of server application
Then, a client searches for a local network or
the network encompassing classroom computers
and makes a list of all computers within the network. Server modules are copied to every computer from the list, as shown in Figure 2.

Figure 3. Creation of a hook dll module from
server application
3.3.2 User interface
As can be seen in Figure 4., application user
interface is extremely simple. It contains six icons
on the toolbar, and the total of four menus two of
which refer to program functions.

Figure 4. Edukator user interface

Figure 2. Server modules copied to all computers
Similarly to the mechanism described in [22],
as soon as distribution of modules to all computers ends, the client reports modules on remote
computers as a service application by means
of the Remote Procedure Call function. Then
server modules are run which pull out an additional hook module situated in the hook.dll database. Briefly, according to [23], hook is a system
mechanism for managing messages by means of
which an application might install a subroutine
for message flow control in the system and process a certain type of message before it reaches
its destination. It can say that hooking is a tech1292

Basic program options are as follows:
–– Send to all is used for the transfer of
the picture from teacher’s screen to all
computers in the classroom.
–– Monitor all enables monitoring of students’
work (viewing up to four students’ screens
on the teacher’s screen simultaneously).
–– Monitor 1 by 1 enables monitoring of one
by one student every several seconds.
–– Block keyboard blocks the usage of a
keyboard or a mouse to one individual
student or all students in the classroom.
–– Black screen blacks screens on student
computers drawing thereby the attention to
the teacher.
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4. Software solution of the edukator
From the software point of view, Figure 5
shows parts of the application called Edukator and
their functioning as a whole in the so-called control mode of application operation, i.e. when the
teacher takes control over a student computer.
The application Edukator is made in Visual C++.
It is based on an altered variant of a classical client/
server approach [5]. Common client/sever models
contain one server offering a service to many clients.
In this application the approach is completely opposite and there is only one client managing many servers. Servers execute tasks posed by the client, while
the client does the analysis and interprets the incoming data in form of pictures on the screen. In that way,
while monitoring four computers, pictures are drawn
in the following way – first top left, last bottom right.
In addition to client-server communication, it is also
established among individual servers, thereby being initiated by the client. So, usually an intertwined
communication trajectory is made, especially for a
greater number of servers. Client-server communication is carried out by means of well-known UDP
and TCP protocols described in [24]. Communication among servers is done exclusively via the IP
multicast protocol as a subtype of the UDP protocol.
Figure 6 shows the procedure by which the application sends pictures from teacher’s computer
screen to all computers in the classroom. That procedure is based on the IP multicast. Teacher software module controls service module of the remote
computer via a control socket [25]. Service module
continuously captures display on the screen. By
compressing the captured picture it is possible to
obtain very good results and a satisfactory speed of
picture transfer. However, in order to obtain much
better results it is necessary to find changes between
two successive pictures, as proposed in [26] and
[27]. In other words, if it is possible to find smallest
changes between two pictures, then compression of
only those changes can reduce picture size by up
to several thousand times. As a compromise, i.e. an
optimal relation of demands on the processor, picture quality and transfer speed, a very simple algorithm shown in Figure 7 arises. It proved to be very
efficient by a lower resolution (up to 1024 x 768),
whereas for higher resolutions a minor adjustment
is to be made.
Volume 6 / Number 4 / 2011

Figure 5. Architecture and mode of operation of
Edukator software parts in control mode

Figure 6. Procedure of sending a picture from
the teacher’s computer screen to all computers in
the classroom
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Figure 7. Picture compression algorithm
The third picture is actually a mask created on
the server. It is later on pasted on the previous picture in the client. By the described procedure we
obtain a picture black at spots without changes. At
those spots where changes occurred, the picture
contains certain colors. Only due to the fact that
a large area of the picture is black, a compression
algorithm might achieve an extremely high degree
of resolution, i.e. get a picture of a very small size.
Thereby the algorithm has not substantially loaded the processor, what is very important for the
execution speed.
After the described procedure, a compressed
picture is sent back to the teacher’s program, added
up to the previous picture and decompressed, and
then the picture is obtained that should be displayed
on the screen. By means of hooks a service module
is able to intercept keyboard and mouse messages,
and if necessary, to disable their functioning.
As already mentioned, sending a picture from
the teacher’s computer screen to students’ computers in real time is carried out such that the teacher’s
program sends to a service module an instruction
to send a picture to an IP multicast group. According to [28], a multicast group is a set of hosts
listening to the IP network traffic, identified by a
unique IP destination address. Service module runs
the function of successive screen picture capturing
and its compression. A compressed picture is sent
by means of an IP multicast protocol to the group
of computers ready to receive it. Owing to the IP
multicast protocol described in [28] it is possible to
send the picture to all computers in the classroom
at the same time. The received picture is decompressed separately and displayed on the computer
screen by each student’s computer service module.
5.  Measurements and performance analysis
In order to show program performance, a series
of measurements of picture parameters has been
conducted referring to pictures being transferred at
1294

various compression rates [20]. At rate 0 compression is not done, whereas at rate 9 compression
rate is highest. By such applications measuring
performance indicators is very difficult. Indeed,
with respect to permanent changes of application
working conditions, it is difficult to repeat measurements in the same conditions. Therefore, a
special method was developed requiring additional adjustments of the application. A mobile computer with processor speed of 1.4 GHz and 1GB
of memory was used for measurements. It had a
virtual computer with 128 MB of working memory running on it. Virtual computer is software that
entirely simulates work of a real computer, and
it could be arbitrarily granted hard disk memory
and space, whereby 128 MB of allocated working
memory is the smallest quantity of memory necessary for operation of a virtual computer. Client
and server application were run on a real and a
virtual computer, respectively. Server application
used picture resolution of 800x600 pixels with a
32-bit color depth, while resolution on the client
computer was 1024x768.
5.1 Measuring
Measurements were done by means of the execution code added to the application program
code. It records the number of incoming pictures
into an auxiliary variable iNumOfPictures. When
a picture is received, the value of that variable increases by one. At the same time the other auxiliary variable iPicPerSecond increases, which records the number of pictures received per second
by means of a timer.
5.2 Measurement procedure
As already mentioned, there exists a problem
of repetitive measurements. In order to solve that
problem, it was necessary to develop a sufficiently good method that would yield approximately
equal results by every measurement. Therefore,
Windows Media Player [29] was used as an auxiliary tool. At the moment of measuring, that program plays a one-minute video clip. Every measurement is done by using the same video clip.
Volume 6 / Number 4 / 2011
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During measurements, the application has to be in
the so-called control mode. Control mode is a way
of program operation in which it is possible to take
control over a remote student’s computer. An additional problem solved by adjusting the program
code was how to switch the program Edukator to
a control mode at the very same moment when the
video clip starts running on a remote computer.
The instance a user presses the left mouse button, auxiliary variables used for storage and processing of measurement results are set to zero.
What has to be done then is to click on the key
play by the left mouse button. In that way, a video
clip is run on a remote computer and values of
variables are set to zero at the same time. Values of
measured parameters are recorded every second.
It is therefore sufficient to take 60 data to obtain
parameter values for one minute. The goal of this
analysis is to compare performance indicators obtained on various levels of picture compression.
Parameters whose values are obtained by measurements are observed for various compression
rates (cr), and these are as follows:

KB (i.e. more than 20 times greater). This would
also mean that the number of bytes per second at
that rate should be 20 times greater than the one at
rate 1, but it is not like that. The answer lies in the
fact that the network has a limited capacity. In other
words, not even theoretically could it let more than
two pictures per second through. The network is
completely congested and results are unacceptable.
At this rate, the remote computer processor is under
minor load, whereas all other rates have maximum
processor load, as expected.
Table 1. Measurement results in virtual computer
environment

–– total number of pictures ( n pics-tot ),
–– number of pictures per second ( n pics / s ),
–– total number of data received in bytes ( datatot ),
–– average size of a picture in bytes ( size pic ), and
–– average number of data received in one second
( data s ).
5.3 Measurement results and evaluation in virtual computer environment
Table 1 and Figure 8 show the parameter values obtained in virtual computer environment.
It can be clearly seen from the Table 1 that the
greatest number of transferred pictures is accomplished at the first compression rate, i.e. over 13
pictures per second. Without compression (rate 0),
the speed is lowest, i.e. only 2 pictures per second.
Although the procedure the program has to follow
at this rate 0 is simpler and from the processor point
of view less demanding in comparison to rate 1, results are more than six times worse. It makes sense
if we look at the data referring to the number of data
being transferred at that rate. An average size of a
picture at rate 1 is 42 KB, whereas at rate 0 it is 960
Volume 6 / Number 4 / 2011

Further analysis of results shows that rate 9 has
received three times less data than the first rate.
If the speed difference is taken into consideration,
rate 9 would not represent the best choice. What is
both surprising and confusing at first sight is the
average picture size. It is smallest at rate 5, and
the same at rate 1 and rate 9. This could lead to
the conclusion that the highest level of compression does not yield better results than the lowest
level of compression, and that rate 5 compression
yields best results. It might be explained in a rather
simple way. Rate 9 compression is very complex,
hence its procedure lasts longer than the one at
rate 1. A longer compression procedure implies
a longer period between two successive screen
picture captures, and thereby also a much greater
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difference between two pictures ∆pic . If the difference is great, a compressed picture is larger, which
results in apparently unusual measurement results.

Figure 8. Dependence of the number of pictures
transferred per second on the compression rate
on a virtual computer
Analysis of data given in Table 1. shows that
the intersection of optimal results is placed between rates 5 and 6. From this measurement the
following conclusions might be drawn:
–– for the fastest picture transfer, rate 1 should
be chosen,
–– for achieving optimal values of all
parameters, rates 5 or 6 should be chosen,
–– for achieving least network traffic
congestion (in case of a slow network), rate
9 yields best results,
–– rate 0 is a poor choice, except in the case of
a rather broad network throughput.

By changing compression rates the results given in Table 2 and Figure 9 are obtained.
The number of pictures per second is considerably less than on a virtual computer. As in the previous measurement, the greatest number of pictures
per second is given by compression rate 1. This
measurement differs from the previous one with
respect to the value of compression rate 0. That
value is much higher in this measurement, although
values of all other parameters are smaller. Network
speed of a virtual computer is smaller, as well as the
throughput. Thus, despite faster operation, a greater
number of pictures cannot be let through.
The second measurement in real environment
was carried out on the very same computers, but
such that the client program was put on the computer with the processor speed of 2.4 GHz, whereas the server program was placed on the mobile
computer. The results obtained are given in Table
3 and Figure 10.
Table 2. First measurement results in real environment

5.4 Measurement results and evaluation in virtual computer environment
Measurement carried out on a virtual computer
can give approximately accurate results. For the
purpose of yielding more credible results, measurements should also be carried out in real environment. Bearing that in mind, measurement was
done on two computers in control mode. In the
first measurement, server application was placed
on the computer with the processor speed of 2.4
GHz and 1 GB of working memory, whereas client application was placed on a mobile computer
with the processor speed of 1.4 GHz and 1 GB of
working memory.
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Figure 9. Dependence of the number of pictures
transferred per second on the compression rate
on real computers
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It can be seen that the number of pictures per
second is a bit smaller than the one obtained on a
virtual computer, but much better than the previous
measurement. The difference in processor speed
significantly influenced the number of pictures per
second. Especially interesting is the fact that at compression rate 0, the value is as much as 50% higher
in relation to the value of the previous measurement. This implies that processor power influenced
considerably screen recording functions (since
compression rate 0 is not done). Processor power
represents a key factor for increasing the number
of pictures per second. By choosing the first three
compression rates, it is possible to obtain outstanding results on the processor of 1.4 GHz. That speed
could also be recommended as the speed by listing
application demands on hardware.
Table 3. Second measurement results in real environment

might change considerably. Then the network
could be substantially loaded by some other network applications, which would definitely influence program performance. It may be assumed
that a huge distance between computers would result in an increased delay of data reducing thereby
the number of pictures per second. It may also be
assumed that in addition to the aforementioned
huge distance of computers, network congestion
would reduce performances. In that case attention
should be paid to the following facts:
–– Increased delay leads to a decrease in the
number of pictures per second,
–– If the number of pictures per second is decreased, then more processor resources are free,
–– By increasing the quantity of available
resources it is possible to increase the
compression rate to the maximum, by which
the number of pictures per second would
probably remain the same, but network
congestion will be reduced, leaving more
space to other network applications.
5.5 Evaluation of application usability from
the user's point of view

Figure 10. Dependence of the number of pictures
transferred per second on the compression rate
on real computers in the second measurement
In real environment with a great number of
mutually remote computers, working conditions
Volume 6 / Number 4 / 2011

Figure 11 shows screen content transfer from
the teacher’s (client) screen to screens of other
(server) computers in real-time. From the user’s
viewpoint, according to [30], the application is
most frequently evaluated by several parameters
described in the sequel. They are as follows:
–– Simple installation procedure. As
previously described, the application
Edukator has an entirely automated and
simple installation procedure. It requires
neither time nor preparation.
–– Simple usage and adjustment. User
interface contains only those options
necessary to the user which are available by
clicking the mouse. Hence, user interface
can be considered simple and intuitive.
For example, option «Block keyboard» in
the mode controlling all computers forbids
usage of keyboards to all computers,
whereas in control mode it does not allow
usage of the keyboard only to the computer
under control. Of all adjustments, it is only
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adjustment of the picture compression rate
that is required. The given option will also
be automated in the next version, so that
compression rate will be adjusted to network
throughput and processor load.
–– Functionality and response time. The
application executes all functions required
by the user for successful work in the
computer classroom or a laboratory. In
addition, response time is very good in the
environment with a usual number of users.
–– Fault tolerance. As application server
execution codes are automatically forwarded
to all computers of the target network, a
possibility of their accident deletion by a
user is prevented.
–– Transferability. The program can easily be
transferred to other computer network, since
when it is run, adjustment to the network
environment is done automatically. Due to
compatibility with all Windows operating
systems based on the NT technology, the
application does not require maintenance.

Figure 11. Screen content transfer from the teacher’s (client) screen to screens of other (server)
computers
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6. Conclusion
Based upon the obtained results, it can be concluded that the choice of compression rate in a
program like this is extremely important. A bad
choice might yield significantly worse results than
expected. First of all, this analysis procedure enables right decision-making. It was shown that
logical inference without measurements might
lead to a wrong conclusion. It is especially noticeable when it comes to values obtained for an average picture size. On the basis of wrong assumptions, a programmer could obtain considerably
worse results than expected.
Due to usage of a virtual computer instead of a
proper one, the obtained results are somewhat different from real ones. Measurements carried out in
real environment show that the number of pictures
transferred per second is significantly smaller on
a slower computer, whereas on a faster computer
that number is approximately the same as on a
virtual computer. By means of analysis it can be
determined in which conditions which compression rate is to be used. An important factor for the
choice of compression is processor power. It is not
reasonable to choose either a high compression
rate for the processor of poor performance.
This program has a very high level of usability.
It can be used in educational institutions, faculties,
companies offering any type of education, that
would like to have control over the work of their
employees in case that is required by the nature
of the job in question. Of course, a user should be
informed that the computer is under control. The
program might also be extremely useful for network administrators, as well as other users who
want to have control over a remote computer via
a local network. The Edukator definitely finds its
purpose in the teaching process. Its possibilities
contribute greatly to facilitating and speeding up
the process of learning and increasing and improving cooperation between teachers and students.
We are currently working on improving the
program, so that a new version will contain additional advanced options including recording video
clips of computers under control for the purpose
of increasing security of public local networks or
recording of the presentation material. In that way,
a lecturer is not obligatory to repeat the lecture,
Volume 6 / Number 4 / 2011
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but just let it play as a video clip supplemented by
comments in person. A new version will also have
a more optimal form of code in terms of more efficient picture compression and more intelligent
solutions as to detection of differences in pictures.
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Abstract
This paper illustrates the use of artificial neural
networks with implementation of heuristic algorithms for the purposes of presenting the predicted
values of commercial building construction. The
principles and data have been elaborated based on
the analysis of the relevant parameters taken from
approx. 50 buildings offering the investors a possibility of predicted values of estimated period and
costs of building construction. The paper shows
the possibilities of use of neural networks in investment decision-making and project management itself in this field.
Key words: neural networks, project management, investment decision management, estimated
construction periods, estimated construction costs
1. Introduction
Modern business practice and market demands
require Investors to estimate prior to the commencement of building construction, the basic
parameters that the profitability of investment depends upon, which are the following:
–– construction cost,
–– construction period,
–– risks during construction that could influence
construction cost and period.
Unless the Investor has made an efficient and
realistic estimate of the above parameters, it is
Volume 6 / Number 4 / 2011

highly probable that he could face severe difficulties during the course of construction, that could
lead to financial losses and ultimately, cause the
cessation of construction work.
Efficient estimate of such parameters could be
performed using the prediction model based on artificial neural networks.
2.  Artificial neural networks
In the seventh decade of the twentieth century, the development of computer hardware and
software resulted in creating artificial intelligence
which encompasses the study and design of artificial intelligence systems that perceive and comprehend their environment and take actions which
maximises their chances of success. Computational
intelligence constitutes a part of artificial intelligence which uses heuristic algorithms such as neural networks, fuzzy systems, evolutionary computation and other soft computing techniques for solving
different kinds of problems. For solving problems
in this area we can also use the other mathematical
and physical models. [Cvijanovic M. Janko, Besic
Carisa, Sajfert Zvonko, Grujcic Zeljko, Lazic Jelena The case study of Belgrade Secondary schools of
mechanical engineering) Technics Technlogies Education Management, Vol. 5, No 3, 2010 [ 575-589]
]; [Sajfert Zvonko, Djordjevic Dejan, Besic Carisa,
Nikolic Milan, Cockalo Dragan, Kljajic-Drvic,
Mirela Researching needs for marketing managers
in Serbia, Technics Technlogies Education Man1301
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agement, Vol. 5, No 2, 2010 [ 286-295]. Cockalo
Dragan, Djordjevic Dejan, Sajfert Zvonko, Bogetic
Srdjan, and Besic Carisa An exploratory study of a
business strategy for providing customer satisfaction in the republic of Serbia, African Journal of
Business Management, Vol. 5(2), Febrauary, 2011,
ISSN 1993-8233.
The analogy with nervous system of living organisms is used as the basis for creating artificial
neural networks. Such analogy is based on two aspects [Golic, K Doktorska disertacija, Građevinski
fakultet, Beograd, 2007]:
–– the knowledge coming from the environment
into a neural network is used for neural
network training,
–– knowledge is accumulated through neural
connections called synapses.
Artificial neural networks are defined as physical cellular systems capable of learning, memorizing and utilizing experimental knowledge and, as
such, they hold a place between technology and
artificial intelligence. Unlike computers, neural
networks process information in a manner similar
to that of a human brain, through a large number of processing elements - neurons [Haykin, S.,
"Neural Networks", Prentice Hall, New Jersey,
2005. Levin, R., Rubin, D., Stinson, J. i E. Gardner, Quantitative Approaches to Management,
McGraw-Hill, New York, 1989].
This analogy is only initial, since the human
brain is still considered a complex and insufficiently studied area and biological neural networks are far more complex than mathematical
models of artificial neural networks.
2.1 History and Implementation
From a historical point of view, the concept
of artificial neural networks dates back to 1943
when Warren McCulloch and Walter Pitts [Pitts,
W. McCulloch W.- A Logical Calculus of Ideas
Immanent in Nervous Activity- Publisher, Mahwah, New Jersey, London, 1949] published the paper describing the calculation logic behind neural
networks based on the results of neurophysiology
and mathematical logic. The development of artificial neural networks started in 1949 when Don1302

ald Hebb [Hebb, D. - The organization of Behavior - A Neuropsychological Theory (Hardcover)
- Publisher Mahwah,New Jersey,London 1949]
published his book "Organization of Behaviour"].
After initial success, came a period of stagnation in
the field of development of artificial neural networks
that lasted until 1982 when John Hopfield [Hopfield,
J. - Neural Networks and Physical Systems with
Emergent Collective Computational Abilities - Proceedings of the National Academy of Science,USA
79., pp 2554.-2558] aroused interest in this field with
his papers on the possibilities of applying neural networks to classification. The papers presented by D.E.
Rumelhart [Rumelhart D. E.; Hinton G. E.; Williams
R. J. – Learning Internal Representations by Error
Propagation In Parallel distributed processing, vol.
1, pp 318-362; Cambridge, MA; USA, MIT Press]
and a group of researchers, proposed the possibilities
of implementation of backpropagation algorithms in
neural network training and use of a trained network
for estimation.
Today, neural networks are being used in many
fields and for a number of different purposes. For
the most part, such networks are being applied to
problems related to prediction, classification and
filtration. Table 1 shows application areas and
types of artificial neural networks.
Artificial neural networks are broadly applied to
solving various problems in construction industry,
particularly in the field of construction and project
management: network plan optimization and levelling of resource consumption diagrams, construction cost and productivity estimation, optimization
of structural systems, prediction of the position and
maximum bending moment of plates and shells.
3.  Neural networks – theoretical assumptions
The behaviour of a neural network depends on
the total number of neurons i.e. on the network architecture, on the used activation function and on
the weight coefficients of neuron connections.
3.1 Biological and Artificial Neuron
Basic structural unit of biological neural networks is a neuron. Neurons are genetic and morphological units of nervous system with specific
Volume 6 / Number 4 / 2011
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Table 1. Application areas of artificial neural networks
Application area

Type of network

Application

Prediction

- Backpropagation
- Delta-Bar-Delta
- Extended Delta-Bar-Delta
- Direct Random Search
- Higher Order Neural Networks
- Self-organizing Map into Backpropagation

Use input values from the
database to predict a value that,
in a way, depends therefrom

Classification

- Linear Vector Quantization
- Counter-propagation
- Probabilistic Neural Networks

Determine the classification of
input values

Data Association

- Hopfield
- Boltzmann Machines
- Hamming Networks
- Bidirectional associative memory
- Recognition of randomly scattered samples

Like classification but it also
recognizes data that contains
errors

- Adaptive Resonance Networks
- Self-organizing Maps
- Recirculation

Analyse the impact of input
data on network structure
Smooth an input signal

Data Conceptualization
Filtering

irritability and ability to convey or not convey
stimuli to other neurons. Human nervous system
contains approximately 1011 neurons linked together by 1015 connections. Basically, a neuron receives input signals from other neurons, combines
them (non-linear function) and generates an output
signal which is then conveyed to other neurons. A
neuron has four basic parts:
–– dendrites – projections of neuronal
cytoplasm that centripetally conduct the
stimuli to neurons. Their number varies and
ranges from 10 to 15;
–– soma - processes input and generates output
signals that are conveyed to other neurons
through axons an synapses;
–– axons (neurites) – centrifugally conduct
stimuli and convey processed information
through output signals to other neurons;
–– synapses – connections (junctions) between
neurons, or between neurons and other
organs that relay information to each other
through electrochemical processes;
Complexity of biological nervous system lies
not only in multiplicity of connections but also in
the ability of neurons to receive, process and convey electrochemical signals which is the basis for
creating a communication system of the brain. Image 1 shows the structure of a biological neuron.
Volume 6 / Number 4 / 2011

Figure 1. Biological neuron
Structure of an artificial neuron is based on the
structure of a biological neuron. Image 2 shows
the structure of an artificial neuron.
The structure of an artificial neuron, just like that
of its biological counterpart, comprises multiple input signals mathematically represented as pR. Each
signal is multiplied by weight coefficient w(n). In
the simplest case, these products are summed up
1303
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and passed through the activation function (f) that
generates the result. Artificial neuron can be mathematically represented by the following formula:
a = f(W1,R pr +b) ......................... (1)

Figure 3. Scheme of one neuron layer

Figure 2. Artificial neuron

Neuron layer scheme can be simplified and
mathematically represented as follows:

3.2 Neural Network Architecture
Neural network architecture consists of a large
number of neurons connected together to form a
network. The function of impulse transmission
within a network is fixed, whereas the weight coefficient is variable. Architectural complexity of
such networks is demonstrated by the number of
layers. The first layer of a network is input layer
(receives data from the environment) and the last
is output layer (transmits data to the environment).
The layers in-between are called hidden layers.
Each layer of a network receives input data from
the previous layer, processes the data (defined by
the input vector) while performing corrections using the weight criteria and passes the processed
data to the output layer of the network which then
forwards them to the next layer. Neurons can be
combined together to form a layer with S neurons
and R input values, as depicted in Image 3.
Weight coefficients ws,r can be entered into a
matrix W=[ ws,r] nxn, where ws,r = 0 for unconnected neurons.

[

w 1,1
W = w 2,1
⋮
wS ,1
1304

w1,2 ⋯
w2,2 ⋯
⋮
wS , 2 ⋯

w1, R
w 2, R
⋮
wS , R

]

a = f(W p +b) ........................... (2)
There is a possibility of connecting several different layers of neurons and thus creating a multilayer artificial neural network (Image 4).

Figure 4. Scheme of a multi-layer neural network
Multi-layer neural network can be mathematically represented as follows:
a3=f 3(LW3,2 f 2(LW2,1f 1 (IW1,1 p+b1)+b2)+b3).... (3)
In terms of topology of hidden layers of a
network, there are two parameters to be decided
upon: the number of hidden layers and the number
of neurons in each layer.
Neural networks with two hidden layers can
represent functions of all types and forms. Thus
Volume 6 / Number 4 / 2011
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the use of networks consisting of more than two
layers cannot be theoretically justified. In fact,
most of the practical cases require networks with
only one layer.
The matter of determining an optimal number
of neurons per each hidden layer is much more
challenging. The use of small number of neurons
for hidden layers often leads to creating networks
that are not representative of a large number of different cases, especially when dealing with highly
diverse data sets. Using an excessive number of
neurons for hidden layers can cause several problems. One of them is the fact that the networks
designed in such manner are more susceptible to
overfitting. Another problem lies in consequent
extension of network training period.
A rule set by Masters that can be used as the
starting point for selection of the number of neurons for hidden layer, reads as follows:

3.4 Neural Network Training
Changes of weight coefficient are known as the
network training procedures.
The simplest method of training a neural network implies entering different values of weight
coefficient thus causing the network to react by
changing output values.
Neural network training can be performed with
or without supervision. In unsupervised network
training (Image 5), the network itself detects regularities in input data and specifies corrections of
weight criteria.

"The number of neurons in a hidden layer
is equal to the square root of the product of
input and output layer"
3.3 Activation Functions
Hidden layers of neurons have activation functions that enable neural network to simulate almost every non-linear function.
Some of the most frequently used activation
functions are:
–– step function
–– signum function
–– sigmoid (logistic) function
–– hyperbolic tangent function
–– linear function
–– threshold linear function
It is preferable that activation functions are
differentiable, aside from the case when the output value is expected to fall within certain limits,
where the use of limited functions is recommended. The use of activation functions from the field
of fuzzy logic has progressively increased. The
best activation function is realised through experimenting on a certain problem.

Volume 6 / Number 4 / 2011

Figure 5. Unsupervised neural network training
procedure
Another technique of network training is supervised training which is conducted under laboratory
conditions on a training set. This is a very acceptable training technique considering that the network
is being trained outside the future working environment, provided that an input and output data set representative of environmental behaviour is selected.
Based on the training set, weight coefficients are determined and their values fixed and then the network
is put into operation. In supervised training, weight
coefficient can be corrected in two ways:
–– weight coefficient correction upon entering
each data element from the training set when
the training is based on error correction or
–– weight coefficient correction upon entering
the entire training set with application of
gradient rules.
1305

technics technologies education management

In the first case, weight criteria change implies
error correction and amounts to:
N

∆ Wi = ∑

(

∂ εk W

( e + k -1)

∂ Wi

k =1

) ................ (4)

where ε – is error.
In the second case, the change is absolute and
amounts to:
N

∆ Wi = ∑

(

∂ εk W
∂ Wi

k =1

(e)

) ................... (5)

where error minimization occurs in the entire
training set i.e. function:

When dealing with complex problems, this
method takes a considerable amount of work. Most
problems are solved by introducing an additional
data set for network validation. Validation data set
is a part of an available data set, whereas the number of data elements in the training set is larger than
in the validation set, provided that the samples are
equally distributed in both sets. After a large number of iterations, the error generated from the training data set shows the tendency of decreasing incidence, whereas the incidence of errors generated
from the validation set shows somewhat different
pattern, which means that the error also has the tendency of decreasing incidence for a certain period
of time, but at some point this tendency stops and
the error incidence starts increasing. (Image 6)

N

ε = ∑ ε k .............................. (6)
k =1

3.5 Learning Rules
Learning rule is a formula used for the adjustment of weights of connections between neurons.
The following rules are applied:
–– The Delta Rule
–– The Generalized Delta Rule
–– The Delta-Bar-Delta and the Extended
Delta-Bar-Delta Rule
–– The Kohonen Rule
–– The Backpropagation Algorithm
3.6 Improvement of Generalization Ability of
Prediction Models
Neural network training can be conducted in a
series of sessions by applying one of the procedures on training networks of different architecture. Training is performed until achieving a satisfying discrepancy from the training sample. The
procedure is conducted in a series of no less than
three networks of different architectures. Once the
training of all three networks is completed with
satisfying discrepancies from the training sample,
the network with the smallest number of neurons
in hidden layers is selected.
1306

Figure 6. The relation between the error in a
training data set and error in a validation data set
The entire process consists of cessation of
training at the point when satisfactory parameter
generalization is achieved.
4.  Application of artificial neural network
to development of a model for prediction
of cost and period of commercial
building construction
4.1. Introductory Notes
The data collected on the commercial buildings
erected in the period between 1989 and 2005 on the
territory of the city of Belgrade, has been used for
the purposes of displaying the procedure of applicaVolume 6 / Number 4 / 2011
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tion of artificial neural network to development of
a prediction model. Table 2 shows basic data on the
buildings: names of buildings are unspecified due
to trade secret protection, net area, number of floors
per building, estimated cost, total cost of work performed and estimated and total construction period.
The basis for data collection were technical descriptions, agreements and related addenda concluded between employers and contractors, interim payment certificates submitted during construction period and upon approval by construction supervision,
final payment certificates between employers and
contractors as well as the letters and notifications related to on-site activities and issues which constitute
an integral part of internal correspondence between
the participants in project implementation.
Technical descriptions provide data on dimensions and number of floors in buildings, floor
plans, area structure, types of structures and foundations, façade finishes, interior floor and wall
finishes, building services, types of accompanying
equipment selected for interior fit-out. Financial
parameters are based on contract documentation,
interim and final payment certificates. To make
comparisons of obtained financial parameters easier and to facilitate assessment of invested capital,
total costs of work performed are shown in Euro.
Table 2 shows the costs of work performed per
work package (Columns 4-6). The costs of works
performed were derived for research purposes on
June 30th, 2005, based on the collected data and using factor (F). Due to spatial constraints imposed
for writing of this scientific paper, tables 2 and 3
show reduced number of input data elements (category: building contains 50 items, n=1-50; tables
2 and 3 show items n=1-4 and n=46-50).
Investment cycle building and realization is
followed by certain risks that can affect construction period and project implementation costs. The
risks that have been identified are as follows:
–– Risk 1 – errors in design documentation and
design alterations
–– Risk 2 – changes in technology
–– Risk 3 – unforeseen earthworks
–– Risk 4 – inadequate scheduling estimates +
inadequate reference estimate + unfulfilled
subcontractor obligations
–– Risk 5 – financing problems + unreliable
cost estimates
Volume 6 / Number 4 / 2011

–– Risk 6 – procurement problems
–– Risk 7 – variations
Note: The risks mentioned in this paper are neither quantified nor do they constitute its subject.
The said risks shall be considered in some other
research project.
Prediction model for predicting the cost and
period of commercial building construction has
been developed based on the available data (tables
2 and 3). Prediction model is built using two artificial neural networks.
The first model (Neuro1.m) predicts actual cost
of work and cost of individual work packages
(structural, finishing and mechanical & electrical
works) expressed per unit of floor area of a building
(m2). The following has been used as input data:
–– gross building area (expressed in m2);
–– data on the quality of construction and
material used, grouped in three categories
(I-III), whereas category I represents
high-quality buildings, while category III
represents low-quality buildings;
–– data on the quality of location expressed
in the same manner as the quality of
construction;
–– number of floors below ground;
–– number of floor above ground.
Neural network used for this prediction comprises one hidden layer with six neurons and tansig transfer functions, while output layer contains
four neurons with purelin transfer functions. Total cost of work has been predicted separately for
comparison with the total cost of work arrived at
by summing the costs of individual work packages, in order to enable detection and correction
of unsuccessfully predicted parameters.
The second model (Neuro2.m) predicts construction period. Input data used for this model is
the same as in the first prediction model. Network
topology differs in the number of neurons in the
middle layer (five) as well as in the number of neurons in the output layer (one). Transfer functions remained identical to the ones in the previous model
(tansig transfer functions in the hidden layer and
purelin transfer functions in the output layer).
Data set used for the training of these neural networks is the one from tables 2 and 3, while a ran1307
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Table 2. Data collected on completed projects
Building
No.

Building
area m2

Building height

1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

2
1700
1980
2240
2500
2500
2500
2560
3000
3000
3000
3480
4000
4200
4500
5000
5150
5300
5420
5500
5600
5850
6000
6000
6250
6500
6500
6650
6900
7000
7000
7200
7430
7456
7784
7930
8000
8250
8525
8900
9150
9400
9560
9800
10200
10760
10900
11000
12120
12600
12820

3
basement+ground floor+1 floor
basement+ground floor+1 floor
basement+ground floor+2 floors
basement+ground floor+1 floor
basement+ground floor+2 floors
basement+ground floor+2 floors
ground floor+2 floors
basement+ground floor+2 floors
basement+ground floor+3 floors
basement+ground floor+2 floors
basement+ground floor+3 floors
basement+ground floor+4 floors
basement+ground floor+4 floors
basement+ground floor+4 floors
basement+ground floor+5 floors
basement+ground floor+5 floors
basement+ground floor+5 floors
basement+ground floor+5 floors
basement+ground floor+4 floors
basement+ground floor+5 floors
basement+ground floor+5 floors
2 basements+ground floor+4 floors
basement+ground floor+5 floors
basement+ground floor+6 floors
basement+ground floor+6 floors
basement+ground floor+6 floors
basement+ground floor+7 floors
2 basements+ground floor+7 floors
basement+ground floor+7 floors
basement+ground floor+7 floors
2 basements+ground floor+5 floors
2 basements+ground floor+6 floors
basement+ground floor+6 floors
basement+ground floor+6 floors
basement+ground floor+6 floors
basement+ground floor+6 floors
basement+ground floor+7 floors
basement+ground floor+7 floors
2 basements+ground floor+7 floors
2 basements+ground floor+7 floors
basement+ground floor+8 floors
2 basements+ground floor+7 floors
2 basements+ground floor+7 floors
2 basements+ground floor+8 floors
2 basements+ground floor+8 floors
2 basements+ground floor+9 floors
basement+ground floor+8 floors
2 basements+ground floor+9 floors
3 basements+ground floor+11 floors
2 basements+ground floor+11 floors
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Total cost
Estimated
of work
cost of work
performed
2
[Euro/ m ]
[Euro/ m2]
4
695.00
705.00
720.00
730.00
660.00
710.00
720.00
750.00
780.00
760.00
820.00
780.00
820.00
820.00
830.00
800.00
820.00
850.00
790.00
830.00
900.00
890.00
840.00
890.00
755.00
935.00
910.00
930.00
850.00
850.00
885.00
920.00
900.00
920.00
950.00
1000.00
960.00
1000.00
985.00
960.00
1000.00
1015.00
1050.00
1080.00
1020.00
1040.00
1050.00
1080.00
1150.00
1100.00

5
705.00
720.00
740.00
756.00
745.00
765.00
750.00
770.00
845.00
803.00
800.00
843.00
852.00
868.00
860.00
840.00
850.00
890.00
865.00
917.00
920.00
928.00
915.00
965.00
820.00
950.00
940.00
969.00
870.00
850.00
890.00
955.00
920.00
980.00
1020.00
1025.00
980.00
1043.00
1011.00
1025.00
1048.00
1100.00
1115.00
1098.00
1050.00
1120.00
1066.00
1135.00
1237.00
1131.00

Estimated
Total
construction construction
period
period
(months)
(months)
6
9
9
11
13
12
11
13
16
17
16
18
19
19
21
22
22
22
23
22
21
24
25
24
26
24
28
27
26
30
28
30
29
30
32
30
31
34
36
36
34
36
38
35
36
34
35
36
38
36
34

7
9
9.5
12
13.5
14
11.5
13.5
17
19
16.5
19
21
20.5
23
24
23.5
23
24
25.5
24
25.5
26.5
28
28.5
26
27.5
29
28
31.5
28
29
32
30
35
33.5
31
33
38
35.5
37
36.5
42
38
34
34
36.5
37
41
38
37
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Table 3. List of costs of work performed per building
Building
No.

Building
area m2

1
1
2
3
4
..
47
48
49
50

2
1700
1980
2240
2500
..
11000
12120
12600
12820

Total cost of work
performed
[Euro/ m2]
3
705.00
720.00
740.00
756.00
..
1066.00
1135.00
1237.00
1131.00

Cost of structural
works performed
[Euro/ m2]
4
275.00
280.00
295.00
285.00
..
415.00
442.00
480.00
450.00

domly selected fraction of data has been used as a
validation set. These models have been simulated
using Matlab R14 software package with Neuronet
Toolbox. The program written in Matlab programming language comprises three separate parts.
First two parts (Neuro1.m, Neuro2.m) are used for
defining and training neural networks of individual
prediction models as well as for the analysis of their
prediction errors. The last part (GUI.m) is an application (Image 7) with graphical user interface which
employs trained neural networks for prediction.

Cost of finishing
works performed
[Euro/ m2]
5
240.00
240.00
235.00
256.00
..
363.00
378.00
427.00
366.00

Cost of M&E
works performed
[Euro/ m2]
6
190.00
200.00
210.00
215.00
..
288.00
315.00
330.00
315.00

The part of the program where neural networks
are defined and trained and where the obtained results are analysed based on a sample has identical structure. In all prediction models, training has
been aborted due to increase of error incidence in
validation samples (Image 8).

Figure 8. The relation between error in a training data set and error in a validation data set
4.2 Analysis of the Results Obtained

Figure 7. Application (GUI.m)
Volume 6 / Number 4 / 2011

Testing of prediction models has been conducted in sets that were used neither for training nor
for validation (Table 6). The discrepancies (errors)
between the predicted values that were obtained
using a model and the estimated values have been
used in the result analysis. Image 9 shows GUI for
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of comparison with predicted results. Discrepancies between the predicted costs of work obtained
using a prediction model and the actual value are
shown in Table 5. Column 1 shows the results of
discrepancies between the predicted total cost of
work (Column 10, Table 4) and the actual total cost
of work (Column 6, Table 4). In the same manner, Columns 2-4 show discrepancies between the
predicted cost of work packages (Columns 11, 12,
13, Table 4) and the actual cost of individual work
packages (Columns 7, 8, 9, Table 4). The predicted
costs reached using a prediction model served as a
basis for calculating discrepancies, so that the negative values in Table 5 (Columns 1-4) indicate that
the predicted cost is lower than the estimated cost.
By analyzing the data obtained and shown in
Tables 4 and 5, the following can be concluded:
–– discrepancy of the model for prediction of
the total cost of work is within a range of
11.1% to 11,12 % (Column 1 -Table 5).
–– discrepancy of the model for prediction of
the cost of structural work is within a range
of 16.00% to 9.09 % (Column 2 - Table 5).
–– discrepancy of the model for prediction of
the cost of finishing work is within a range
of 10,90% to 16,37% (Column 3 - Table 5).
–– discrepancy of the model for prediction of the
cost of mechanical & electrical work is within a
range of 5,66% to 6,86% (Column 4 - Table 5).
–– discrepancy of the model for prediction
of construction period is within a range of
13,56% to 14,28% (Column 5 - Table 5).

a building with input data that was used to obtain
the results of a prediction model.

Figure 9. Application (GUI.m) for prediction
model with input parameters
Table 4 shows the results obtained using a model
for prediction of cost of work (Column 10), cost of
individual work packages (Columns 11, 12 and 13)
and construction period (Column 14). Columns 6,
7, 8 and 9 show the data collected for the purposes

Location

Number of floors below ground

Number of floors above ground

Total cost (Euro)

Structural works (Euro)

Finishing works (Euro)

M&E works (Euro)

Period (months)

Total cost (Euro)

Structural works (Euro)

Finishing works (Euro)

M&E works (Euro)

Period (months)

PREDICTED VALUES

Quality

PLANNED VALUES

Area

No.

Table 4. Overview of planned and predicted values

1

2

3

4

5

6

7

8

9

9

10

11

12

13

14

1
1
1
1

2
1
2
1

1
1
1
2

2
6
8
9

695
900
1000
1020

270
350
395
415

235
325
352
325

190
225
253
280

9
24
32
34

782
810
998
1005

297
301
383
391

281
293
350
349

204
216
265
265

10.5
27
31.7
37

1 1700
2 5850
3 8525
4 10760
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Table 5. Discrepancies (errors) of the model for prediction of costs of work
Discrepancies (errors) expressed in %
No.

Total cost

Structural works

Finishing works

M&E works

Period

1
2
3
4

1
11.12
-11.10
-0.20
-1.50

2
9.09
-16.0
-3.00
-6.13

3
16.37
-10.90
-0.50
6.87

4
6.86
-4.16
4.52
-5.66

5
14.28
11.11
-13.56
8.10

5. Conclusion
The reasons behind the use of neural networks
lie in the fact that human nervous system is a
powerful means of solving insufficiently defined
and unclear problems. Neural networks are suitable for development using computer and show
effectiveness in solving problems related to cost
prediction and risks accompanying construction
investment projects.
The paper demonstrates a model for prediction
of the cost of commercial building construction.
Observation and analysis of the results obtained
leads to the conclusion that prediction models
show satisfying results. Trained neural networks
can be used for rough and quick predictions of
construction costs (total cost or cost per work
package) and periods with 83-85% accuracy.
More precise predictions of construction cost and
period can be obtained using a larger number of
input parameters to describe requirements and an
extensive database on completed buildings.
Research on the procedures conducted in the
field of neural networks is very dynamic and a
rapid progress in our understanding of neural
networks can be expected. Such progress would
lead to improvements in this scientific area and to
opening of new possibilities.
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Abstract
One of the issues which hinder the execution
of strategies in organizations is that it remains in
a general level of actions and orientations. In response to this problem, the strategy map attempts
to illustrate the organization strategies in terms of
cause-effect relations and show how these strategies can change into measurable objectives and
specified operations which must be followed by
organizational units and also employees. By translating its strategy into the logical structure of the
strategy map, Sahand Khodro Company created
a common, tangible reference point for all its
employees and personnel. In this study, we have
translated the strategy of Sahand Khodro Company into operational objectives and evaluators
from four aspects of the strategy map. By codifying the strategy map, Sahand Khodro Company
was able to achieve greater profitability and better
response in relation to all the beneficiaries involving customers, employees, director and owner of
the company and the society.
Key Words: Strategy, Strategy Map, AutoParts Manufacturing Industry, Small Companies,
Tabriz.
Introduction
With the emergence of post-industrial era, the
organizational environment has been dynamic,
Volume 6 / Number 4 / 2011

full of changes, and complexity has been the predominant issue in organizations. Changes have
been so intense that predicting functions have
lost their validity and new, unexpected challenges
have emerged. Markets have become intensively
competitive; learning faster and earlier than other
rivals, has provided advantages in competition
and, consequently, organizations have focused on
science, knowledge and information. Nowadays,
many organizations are mainly concerned about
codification and implementation of strategies
which ensure their success and survival in everchanging, complex environmental circumstances.
The strategy map provides a means for organizations to codify and execute strategies in different aspects of the organization and manage their
strategic performance [1]. This is a framework
for performance evaluation which uses a series of
financial and non-financial scales to take a deep
look at the performance of the organization. One
of the issues which hinder the execution of strategies in organizations is that it remains in a general
level of actions and orientations. In response to
this problem, the strategy map attempts to illustrate the organization strategies in terms of causeeffect relations and show how these strategies can
change into measurable objectives and specified
operations which must be followed by organizational units and also employees [2]. The strategy map is very useful for all the organizations
which suffer from the unclear relations between
their codified strategies and executive, everyday
1313
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operations [3]. The strategy map not only allows
for the establishment of this kind of relation and
picturing the strategy, but also is a means to test
the logic and effectuality of codified strategies and
to supplement them, if necessary.
A Look at the Auto-parts Manufacturing
Industry and Sahand Khodro Company
Today, the automotive industry has a great role
in the economy of countries all around the world.
Likewise, the automotive industry of Iran has an
important role in the production and employment
status of the country. Automobile manufacturing companies submit the production of required
parts for assembling the automobiles to auto-parts
manufacturing companies in order to reduce their
production expenses and increase the quality of
their products. Therefore, the auto-parts manufacturing industry has always been known as the
supplement of the automotive industry. Auto-parts
manufacturing companies are very smaller than
automobile manufacturing companies in scale
but are greater in number and provide more employment compared to automobile manufacturing
companies. Auto-parts manufacturing companies
shall choose appropriate strategies regarding their
actual and future situation and circumstances. Appropriate strategies help their survival and development in the competitive field of auto-parts manufacturing industry. Sahand Khodro Company of
Tabriz is an auto-parts manufacturing company
which produces parts for Pride, Peugeot and also
tractors. This company is geographically situated
in the south-east of Tabriz, in the industrial site
of Shahid Rajaee. Sahand Khodro Company is a
small company in size, acts as a workshop and has
a staff of 24 people. The strategy map has been
used to codify and implement the strategy of Sahand Khodro Company. The strategy map is a highly effective method in codifying and implementing appropriate strategies in various organizations
with different scales. The necessary information
for the codification and implementation of the Sahand Khodro Company strategy was obtained by
studying the general conditions and characteristics
of the Iranian Auto-parts Manufacturing industry
and its active companies; and also through interviews with executive director, production man1314

ager, quality manager and the employees of this
company. It is hoped that by codifying and implementing an appropriate strategy through codifying
the strategy map, Sahand Khodro Company could
turn into a primary and successful company in the
auto-parts manufacturing industry of the country
and serve the Islamic community of Iran.
Mission Statement of Sahand Khodro Company
Sahand Khodro Company's organizational belief
is based on satisfying its customers by providing
their needs and considers the satisfaction of its customers as the key to the company's success. Also, the
company regards its personnel and man force as its
greatest capital and intends to make them effective,
capable and enthusiastic by increasing their authorities and capabilities through related education and
providing their welfare. Sahand Khodro Company
will try to improve the quality of its auto parts and
reduce the production costs and the final price of its
products, and thus increase its productivity. In addition to maximizing its development and profitability,
the company pays special attention to social, moral
and religious issues and values of the society and a
clean environment, so to gain credit and reputation
among people and fulfill its duty and responsibility
towards the society. Sahand Khodro Company intends to turn into a creative, innovative organization
in order to become a vanguard company in the internal competitive market in the near future, and in
the long run, gain a better position in the auto-parts
manufacturing industry of Asia and the world.
The Strategy of Sahand Khodro Company
of Tabriz
The Strategy of Sahand Khodro Company is:
60% increase in the net profit in a course of two
years. This strategy is based on the two following
principles:
1. Reducing the final price and improving
productivity based on the value chain of the
company,
2. Producing a higher amount of products
(actual – new)
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In order to implement the chosen strategy of
Sahand Khodro Company, the strategy map has
been applied. If the implementation of the strategy using this method proves successful, the profit
margin of the company will increase in both of
the above principles and Sahand Khodro Company will become a strategy-based organization.
In order for Sahand Khodro Company to become
a strategy-based organization, the strategy shall be
translated into operational terms.
Codification of the Strategy Map of Sahand
Khodro Company of Tabriz
To implement its strategy, Sahand Khodro
Company should translate the strategy into phrases which are clearly understandable by all of its
employees. Thus, Sahand Khodro Company of
Tabriz should provide a framework for the conscious and continuous analysis and transmission
of the strategy. The new framework is a logical
and exhaustive structure for the analysis of the
strategy which is known as the strategy map. The
strategy map provides the design base of the balanced assessment method which is considered the
corner stone of a new system of strategic management. The strategy map provides a means to
analyze the process of value formation through
the use of invisible assets, from the point of view
of the company owner. The strategy maps establish the assessment and evaluation technology for
management in knowledge-based economy. By
translating its strategy into the logical structure of
the strategy map, Sahand Khodro Company creates a common, tangible reference point for all its
employees and personnel. Here, we have translated the strategy of Sahand Khodro Company into
operational objectives and evaluators from four
aspects of the strategy map.
The Financial Aspect
Gaining acceptable financial outcomes in economic companies and organizations is extremely
necessary for their survival and development;
therefore, financial evaluators are an integral part
of the codification of the strategy map in profitVolume 6 / Number 4 / 2011

making organizations [3, 4, and 5]. Sahand Khodro Company started its strategy map by defining
its high financial targets i.e. 60% increase in the
net profit in a course of two years. The director
of Sahand Khodro Company was aware of the
fact that increasing the profit in such level, considering the long history of auto-parts manufacturing industry and the existence of numerous,
big competitors and also the large number of new
and small rivals was truly a difficult task. Sahand
Khodro Company decided to improve its net profit
through two financial purports: productivity and
growth. The productivity purport was consisted of
two elements:
1. Reducing the final cost,
2. Increasing the application of assets
The reduction of the final cost could be evaluated through a comparison between the company's
cash operational costs and the average of the related industry. The productivity of assets enabled Sahand Khodro Company in achieving a higher level
of activity in accordance with its strategy without
increasing the levels of its assets. To achieve this
goal, Sahand Khodro Company can use the cash
circulation evaluator, without considering capital
expenses, in order to indicate the benefits related
to cash making resulted from the existing assets
plus the profit resulting from the reduction of the
commodity supply. The financial growth aspect of
Sahand Khodro Company involves two different
components. First, is the growth in the rate of the
production operations with the aim of increasing
the sales of its main product i.e. the Spindle (In
Persian: Meel-Mahak). In addition to the mere
growth in the production operations, Sahand Khodro intends to increase the sales rate of its main
product compared to other rival producing companies. Thus, it uses the production - sales ratio
evaluator in comparison with the whole industry.
The second component of growth indicates the
opportunity and possibility of the company in producing and selling products to its customers, other than the gearshift rod. For example, parts like
spacing washer, differential case pin, etc. Sahand
Khodro Company determined a financial growth
target for developing revenue sources from these
lateral products which is assessed by the evaluator
of revenues from products other than the gearshift
1315
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rod and their profit margin. Therefore, the financial aspect involved objectives and evaluators for
both strategies of growth and productivity. The
strategy map of the financial aspect of Sahand
Khodro Company of Tabriz is shown below:

5. The possibility of a quick and easy purchase
for the customers
6. Reputation and credit of the company
In this situation, Sahand Khodro Company will
have a series of simple objectives and evaluators
for assessing the customers' attitudes. One of these
evaluators is related to the market share and the
other is a summary of the customers' desired values (the company's rank given by customers) and is
expected to motivate and lead to acceptable results.
The strategy map of the customer aspect of Sahand
Khodro Company of Tabriz is given below:

The Strategy Map: The Financial Aspect
The Customer Aspect
The customer aspect enables organizations to
evaluate and improve the main evaluation criteria
of the customers' status such as satisfaction, loyalty, keeping and maintenance, getting new customers, etc [6]. Sahand Khodro Company should try
to secure the consent of customers who are generally sensitive to both price and quality by reducing
the final cost throughout the value chain, including the gearshift rod, and also by increasing the
quality of its products and reducing the wastage.
Thus, for the customer aspect, Sahand Khodro
Company selected the market share evaluator for
all of its products. However, the important point is
that Sahand Khodro Company cannot solely rely
on the market share evaluator in its customer aspect. The company needs to define values which
should be considered in attracting and keeping the
customers and building good relations with them
in the target market. These values are as follows:
1. On-time delivery of orders
2. Proper documentations regarding products
and customers
3. Friendly and capable employees
4. An internet website for the company
1316

The Strategy Map: The Customer Aspect
The Aspect of Internal Business Procedures
The internal procedures create and present the
acceptable values to customers. The performance
of internal procedures is an effective factor in improving the subsets in the financial and customer
aspect of the codification of the strategy map [5, 7,
and 8]. In the internal procedures, Sahand Khodro
Company has described numerous objectives and
evaluators for the part-production operations and
presenting them to the customers. These evaluators have an emphasis on low final cost; proper
and stable quality; short stop-time for equipments;
very few dangerous and health-impairing events;
safety and the environment. Since increasing the
final price of the company's products was not
possible, Sahand Khodro Company decided to
increase its profit by stabilizing the prices and reducing their total costs. Sahand Khodro Company
also intends to increase its financial and revenue
sources by increasing the variety of its products.
Quality evaluators such as observing the technical
characteristics and on-time exposition of products
supported some of the customers' desired values
Volume 6 / Number 4 / 2011
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but most of them were related to the operational
prominence in production and distribution operations. Significant objectives relating environmental, health and safety factors used evaluators such
as the number of safety events, work environment
satisfaction of employees and the number of the
workers' holidays. On the other hand, some benefits resulting from the improvement of environmental, health and safety performance were effective in lowering the final cost and increasing the
productivity. The strategy map of the aspect of the
internal procedures of Sahand Khodro Company
is demonstrated below:

○○ Helping and encouraging employees
in gaining wider knowledge about the
production business and auto-parts sale
○○ Creating skill levels and capabilities that
are essential for mission execution.
○○ Developing the necessary skills in
order to improve the integral thought of
employees about business and education.
2. Access to strategic information
○○ Developing
necessary
strategic
information for executing the strategies
3. Organizational empathy
○○ Promoting a realization about the strategy
of the organization, through creating
an environment in which capable and
motivated employees are working to
materialize the mission statement.
Evaluators supporting these three targets were
the most difficult ones that had to be determined.
Ideally, Sahand Khodro Company wanted to determine the personal skills and information which one
should have in order to improve the performance of
internal procedure and transmission of the customers' desired values. The strategy map and the evaluators of the aspect of learning and growth of Sahand
Khodro Company are shown below:
The Strategy Map: The Aspect of Learning and
Growth

The Strategy Map: The Aspect of Internal Procedures
* Objectives
- Evaluators

The Aspect of Learning and Growth
The most fundamental objectives involve those
which are categorized as the aspect of learning
and growth, such as: skill and creativity of employees, organizational culture, team-work, etc.
This aspect is the final source of creating constant
values [7, 9]. In codifying the strategy map in Sahand Khodro Company, three groups of strategic
objectives were determined in the aspect of learning and growth:
1. Critical abilities and skills
Volume 6 / Number 4 / 2011

The aspect of learning and growth: a ready and
motivated work-force
* organizational
capital and proper * information *development
work environment technology and of human
resources
Evaluators:
resources
Evaluators:
- Proper
Evaluators:
- Training
organizational culture - Improvement
- Smart and intuitive of information employees
leadership
processing - Increasing the
- Team-work among - Directors and capabilities of
employees
employees
employees'
- Organizational proper access to - Creating selfunison (employees
information
control
and directors)

By presenting all the objectives and evaluators in one map and establishing a relation among
them, the strategy map of Sahand Khodro Company is formed which clearly expresses how the
company achieves its strategic objectives.
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The strategy Map of Sahand Khodro Company of
Tabriz
Conclusion
Sahand Khodro Company created a common
reference point for its employees by translating its
strategy into a logical structure of a strategy map.
By connecting traditional processes like the service compensation system and dedicating resources to the execution of the codified strategy map
explaining the strategy, Sahand Khodro Company created a strategic management system in the
company. The strategy map explained the strategy
and at the same time, the new management system
connected all the organization components to the
specified criteria in the strategy map. In a course
of 6 months after the execution of the strategy map
in Sahand Khodro Company, the following results
were obtained:
1. The production rate of the main product
showed a 14% growth compared to the
same period in the previous year and the
final cost of the product was reduced by
economization in the production scale.
1318

2. According to the facilities and machinery of
the company, a new product was added to its
productions and the production rate of two
lateral products was increased.
3. All orders were delivered to the customers
on time and the quality of all the sent goods
were confirmed by customers.
4. The rate of the produced parts not in
accordance with the characteristics
(wastage) showed 40% decrease compared
to the same period last year and thus, the
wastage costs of the company decreased.
5. The safety events in the company showed
50% decrease and the number of employees'
holidays showed 30% decrease compared to
the same period in the previous year.
6. Creativities and intuitions of employees in
their everyday tasks were supported in a way
that out of 16 suggestions, 12 cases were
confirmed by the director of the company.
7. Three training courses were held for
employees in applying the strategy map,
increasing crucial capabilities and skills,
using strategic information, and creating an
empathy atmosphere and team work.
8. An atmosphere and culture of competition
in achieving the determined criteria in the
strategy map was created for employees
in the organization and the personnel tried
their best in order for the realization of the
strategy.
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Abstract
The paper presents an approach to determining
the degree of capacity utilization, using a modified
method of the present observations. Development
of new methodologies for identifying value-time
degree of capacity utilization creates the opportunities for adequate selection of technological
concepts and provides a rational approach to the
choice of exploitation of machines, especially
those which are more expensive and represent a
capital-intensive part of the technological equipment in production. In this way, by improving processes and organizational performance, opportunities for lowering costs reduced to the unit product,
i.e. for reducing product costs, can be created.
Key words: capacity utilization, cost, improvement of process and organizational performances
1.  Introductory considerations
In modern manufacturing, in the competitive
environment of global markets, the key issue is
how to place a product of high quality, low cost
and appropriate range in the market with respect
to the required delivery dates. In order to improve
competitiveness and competence, the manufacturers are required to continuously undertake a wide
range of organizational and technological measures
for improving manufacturing processes and operations. For over a century, managers and other employees have been trying to improve their organizational businesses performances using different approaches, methods and techniques. In recent years,
these improvements have been based on Business
1320

Process Improvement (BPI) by incremental improvements, but also on radical moves by Business
Process Reengineering (BPR). Parts of a successful
organization are processes, people and technology.
Practice has shown that many companies are
undertaking the redesigning of their traditional
organization with the aim of making it modern,
adaptable to changes and able to outperform competitors. To that end, nowadays we have at our
disposal a variety of methods and techniques of
Operations management [1]. Business improving
process consists of four different approaches, designed to improve the efficiency, effectiveness and
adaptability of administrative business processes.
Authors H. Harrington and others say [2]: “From
this new concept, the organization achieves breakthrough performance improvement by analyzing
hundreds of activities and tasks with the objective
of optimizing total performance in relatively short
time period.” (Figure 1).

Figure 1. Continuous vs. breakthrough improvement (Source: [2])
Volume 6 / Number 4 / 2011
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BPR represents a complete change in a business
environment, i.e. abandonment of the old concept
of operations, adoption of new, redesigned business processes or establishment of new ones, for
better business results. One of contemporary steps
in the BPR approach [3] is displayed in figure 2.
The biggest difference between methods of
continuous improvement process (Business Process Improvement-BPI) and methods of re-engineering is in the starting point (based on existing
processes or complete ignoring of them) and, finally, in the obtained size of changes.
Hammer and Campy defined BPR as [4]: “the
fundamental rethinking and radical redesign of
business processes to achieve dramatic improvements in critical, contemporary measures of performance, such as cost, quality, service and speed”.

Figure 2. One of modern concepts of BPR
(Source: [3])
Continuous improvement, or Kaizen, is a Japanese term which expresses the philosophy that
it is possible to reach the ideal JIT by continuous
improvement, during the course of time. Kaizen
means change for the better or continuous improvement [5]. Kaizen is the philosophy and systematic
approach to process improvement. Masaaki Imai
has formed this term, famous in his book, "Kaizen:
The key to Japanese competitive success [6]. In a
quarter of a century since it has been established,
Kaizen Institute (KI), has successfully offered assistance to clients in implementing Kaizen-based
business strategies. Kaizen Institute offers extensive and broad continuous training and continuous
enterprise transformation services. Kaizen Management System (KMS) adds to the overall success
Volume 6 / Number 4 / 2011

of a company. KMS [7] is related to all aspects that
contribute to the company (Figure 3).

Figure 3. The worldwide KAIZEN-Management-System for sustainable profit and growth
(Source: [7])
Time synchronization of all activities of the company, in respect of the irreproducibility of time as a
resource, is an ongoing challenge for the successful
production and business in general. The importance
of time dimension in the production has long been
understood, even at the time of establishers of scientific organizations methods: F. Taylor, H. Gantt
and other classical theorists of the organization, but
in Japan it has been systematically involved in the
new Japanese production philosophy [8].
In this regard, Just-In-Time (JIT) approach
should be noted, whose aim is to provide the necessary quantity and quality of elements which
should be in the right place at a certain moment.
In this way, inventory is reduced and a great turnover of used funds is achieved. Since 1980s, JIT
has been one of the major research areas in Operations management. JIT is essentially characterized
by the following: do not do anything that is not
necessary and reduce any wastage to a minimum
amount. Primary idea behind JIT is a production
of only what is necessary and when it is necessary,
where the authors analyze in detail the steps for its
implementation in the work [9]:
1. Make quality improvements
2. Reorganize workplace
3. Reduce setup times
4. Reduce lot sizes and lead times
5. Implement layout changes
6. Switch to pull production
7. Develop relationship with suppliers
1321

technics technologies education management

JIT implementation shows significant benefits
of this method [10]. Various comparative studies
suggest a connection of the JIT application with
performance enhancements in the production
[11]. Modern aspect of production tends to adjust
to consumption, and Material Requirements Planning (MRP) and Kanban system aim at implementing Just-in-time (JIT) production.
The Capacity Requirements Planning (CRP) is
a calculation of the workload of employees, based
on information of MRP [9]. Discussed efforts are
primarily related to the rationalization of internal
reserves in fixed assets, working capital, working
hours of staff and general reserves in exploitation
of resources.
2. Dependence of revenues and costs on
production scale
This work points to an important aspect in the
circulation of any engaged resources in a production cycle. Shortening of the production cycle
increases the ratio of capital rotation, which has
a positive effect on lowering of product costs.
The experiences of most developed countries,
especially Japan [8], show that the rational use
of involved resources means the production can
achieve significantly better business results.
Finding opportunities to reduce amount of any
capital per unit of output requires identifying of
the most influential measurements, and then determining of the mutual dependence of their intensity
and effect on output results.
In modern industry conditions, due to various
limitations and conditions, many companies are
working with reduced production volume and very
low level of capacity utilization. Despite the reduced
volume of production, some companies manage to
operate at break-even point, mainly due to the extreme reduction in labour costs of employees.
Cost accounting systems [12] should provide
effective decision making process to managers.
When considering the management of costs, it
should be noted that although there are many tools
and techniques that are used to control costs, there
are also unique tools for specific areas. [13].
With the aim of presenting the dependence of
revenue, costs and profit of the company on pro1322

duction scale, break-even analysis will be applied.
Break-even analysis performs investigations related to the demand volume. The components of
break-even analysis are the production, costs, revenue and profit [14].
One of the most common tools used in evaluating the economic feasibility of a new enterprise
or product is the break-even analysis. The breakeven point is the point at which revenue is exactly
equal to costs. At this point, no profit is made and
no losses are incurred.
Break-even analysis is applied for determining
the volume of sale by which the business starts to
make profit. The calculation of a critical point of
budget position is, in principle, simple. [15].
Mihaela Ghicajanu and Manuel-Viorel Semen
[16] emphasize some important aspects related to
the break-even analysis of individual economic organizations.
The total cost of production, at the firm level,
may act as a variable if the cost depends on changes
in production, and as fixed if it involves costs which
do not change when production scale changes.
3. Impact of rational use of production
capacity on the improvement of
performance
Production of large quantities, as well as mass
production, despite a reduction in consumption of
material and direct work, cause a large increase in
the value of any capital above the economically
and objectively conditioned increase, in all stages
of production. The question is to what extent it is
reasonable to go in the process of capital intensification in industrial production. In this sense,
in this paper some of the important elements are
highlighted that are ignored in the theoretical
sense when the degree of capacity utilization is
measured using the classic method of current observations and the data processing and interpretation of results.
Capital intensity varies from industry to industry, as well as from manufacturer to manufacturer,
even in the same industry branch, group etc. The
studies that were given in paper [17] suggest an
interesting and not exactly expected appearance
of the negative impact of capital intensity on reVolume 6 / Number 4 / 2011
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turn on investment, as illustrated in Figure 4. This
research, conducted on a representative sample in
Western Europe, caused certain difficulties in accepting these results by many top managers. In the
cited reference, the explanation of the influence of
capital intensity on the profit potential is given.

Figure 4. The ratio of intensity of capital and return on investment ([17], pp.101)
Some new findings point out that the capitalintensive industries are very sensitive to changes
in the use of facilities and are exposed to rising of
prices. Inflexible cost structure, because of high
investments in fixed assets at market price changes, can lead to profitability decrease. In this regard, the following observed phenomenon should
be noted [17], – that private investors are increasingly avoiding such capital intensive investments
in industrial potential, because such jobs are difficult to manage in a sufficiently profitable way.
Certain influence of new technologies on the
design of the whole organization and its performance is given in [18]. Decisions on the choice
of technology, according to [19], are of major importance and require managerial attention. In this
context, it is emphasized that these decisions are
not completely technical. Technology is only one
component of the decision, which includes economics, strategy, products and all aspects of managerial responsibility. Therefore, managers should
be prepared to understand, control and manage the
factors which influence the cost of products and to
continually take action focussed on lowering production costs. Some authors suggest that companies that can achieve high performance in manufacturing have good prospects [20].
Finding the best practice for companies, according to [21], emphasizes the following conclusions: focusing of process, productivity of equipment and environmental compatibility clearly
Volume 6 / Number 4 / 2011

qualifies as the best practice. Quality Management
and ICT were previously best practices, but they
lost that status.
In recent years, different approaches and tendencies have appeared in order to increase organizational performance considered by many authors
[22-27].
Comprehensive and multifactor approach to improvement of the performance of the organization
implies the application of methods for multi-criteria
decision making and requires managers to have an
adequate knowledge on forming a multi-criteria
model, selecting the criterion and determining their
interdependence and relative importance [28].
This paper shows the importance of implementing new approaches in companies’ management, especially from the aspect of creating conditions for better use of existing and new capacities
in the enterprise and their positioning to a higher
level of measuring techniques application, such as
the modified method of the present observations.
One of the most important indicators of the
state of companies and their organization is the
degree of capacity utilization. There are different
methods for measuring capacity utilization and
in this paper the method of the current observations, which enables an objective determination
of delay in time, will be presented. According to
[9]. "Measuring of the capacity may at first seem
straightforward, especially when compared to the
uncertainty inherent in estimating demands“.
4.  Value-time approach to the identification
of machine capacity utilization
Determining of the time degree of capacity
utilization (calculated and actual), based on the
application of known methods of current observations [29], meets the needs if it does not require
anything else beyond the time dimension. However, if we want to establish the degree of efficiency
of (financial) value of engaged fixed assets, the
production machines to be exact, then, besides the
time degree, it is necessary to determine the valuetime-degree of capacity utilization.
The introduction of category of value-time utilization of machines, the following is highlighted:
the demand for more efficient use of financial
1323
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resources invested in production machinery, for
lowering product costs, for shortening the duration of the production cycle, for increasing the
turnover coefficient and request for more effective
and efficient production.
Value-time-degree of capacity utilization

(hv v ) can be calculated using the relation:
j

hv v =

∑a
i =1

i

⋅ hi

j

∑a
i =1

.......................... (1)

i

where:

h i - time degree of capacity utilization of i -

machine

a i - value indicator (the amount of depreciation of i - machine)
When considering the value-time degree of capacity utilization, in accordance with the concept
presented in this work, it would be rational and
economically efficient for the company to meet
the condition h v v > h . This means, that if the
calculated size of value-time degree of capacity
utilization (h v v ) is greater than the time degree
of capacity utilization (h) h v v > h , it can be concluded that it is better to use the expensive technological machines than the cheaper ones which
have lower financial depreciation, which is economically more favourable alternative than the
opposite one, when it comes to less frequent use of
more expensive machines compared with cheaper

volved in the production of reamers in the production facility for special tools in a Tool factory in
Cacak, Serbia. By classical methods of approach
to the current observations method and the processing of recorded data, identification of time degree of capacity use was performed for each machine separately and calculated values are shown
in Table 1. On the basis of these recordings, the
average computation time degree for utilization of
technological machines capacity was 58.84%.
Table 1. Time utilization factor
Serial number of machines 1
Time utilization factor h (%)
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4

5

54,3 62,1 41,2 72,4 64,2

Serial number of machines 1 2 3 4 5
Amortization value (103 €) 84 14 123 12 16

Based on the data given in Table 1 and Table
2, the value-time degree of capacity utilization

(hv v ) was determined for the group of consid-

ered technological machines and compared with
the calculated time degree of capacity utilization

(h) .

Value-time-degree

of

capacity

utilization

(hv v ):
j

hv v =

∑a

i

i =1

⋅ hi

j

∑a
i =1

=

The application of developed modified method
model related to the current observations and determination of the value-time efficiency of capacities in industrial production was demonstrated on
one example of performed recording of time utilization of capacity of five different machines in-

3

However, in order to calculate the value of
time-efficiency degree of utilization, it is necessary to include the amount of amortization data (in
this example, in €, for the accounting period) for
each machine which analyzes the degree of efficiency, which is given in Table 2.
Table 2. Amortization value

technological machines (h v v > h ).
5.  Description of applying the modified
method

2

=

i

( 8 4 ⋅ 0, 5 4 3 + 1 4 ⋅ 0, 6 2 1 + 1 2 3 ⋅ 0, 4 1 2 + 1 2 ⋅ 0, 7 2 4 + 1 6 ⋅ 0, 6 4 2 ) ⋅ 1 03
(8 4 + 1 4 + 1 2 3 + 1 2 + 1 6) ⋅ 1 03

=

= 4 9, 7 8 %

...................................... (2)

The time rate of capacity utilization (h) for a
group of machines:
h=

( 0, 5 4 3 + 0, 6 2 1 + 0, 4 1 2 + 0, 7 2 4 + 0, 6 4 2 )

= 5 8, 8 4 %

5

=

........................................ (3)
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Since the calculated value-time-degree of capacity utilization (h v v ) is smaller than the time degree

of capacity utilization for groups of machines (h) :

(hv v < h )

it can be concluded that the minor use of expensive machines, compared with the cheaper
ones, has unfavourable effects on economic performance in the company. These data suggest that
there are certain reserves for the use of expensive
technological equipment, i.e. they suggest the possibilities for taking appropriate organizational and
technical measures for improving value component of capacity utilization. Of course, this should
include the technical requirements and constraints
in the preparation of certain products.
The choice of optimal technological variants,
according to the established system of criteria, i.e.
projected multi-criteria base for decision making,
conditions and restrictions characteristic for a particular company, impose the application of criteria
optimization. Some possibilities of using multiple
criteria optimization in production planning, in order to improve systems of planning and efficient
use of resources, are presented in detail in [30].
6. Conclusion
The paper emphasizes the influence of valuable
components on the cost of production, as well as
possible explanations. This approach is not a onesided commitment to reduction of capital intensity
in production and development concepts in industrial production, but a wider and extensive approach
to this problem. Capital-intensive investment in
production capacity is necessary, but intuitive imitation is not, because it would be a priori labelled as
a modern and good solution, without detailed and
comprehensive analysis in a specific situation.
By development of new methodologies for
identification of the value-time degree of capacity
utilization, this paper presents a new approach to
determining the degree of capacity utilization, using a modified method of the present observations.
Offered and demonstrated approach, value-time
approach to calculating the capacity utilization of
Volume 6 / Number 4 / 2011

technological equipment, does not suggest that we
should not support the capital-intensive production, but instead it suggests a key issue in modern
production, and that is how to reduce the amount
of engaged capital, in particular fixed assets per
profit unit, i.e. profit. The method by which a
company can achieve greater competitiveness
and conditions on which it can have a greater or
lesser benefit from capital intensive investing in
production capacity, is primarily a matter of serious, large-scale, comprehensive organizationaltechnical and economic analysis. Based on the
above considerations, the following may be noted:
Development planners, in designing new
technological processes and procedures, need to
consider different options based on multi-criteria
analysis (including economic, technical, technological, logistical and environmental criteria) in
order to select the best one. In this way, we can
significantly increase the efficiency of the structural elements of the investment, while the requirement to increase the profit per invested capital assets is highlighted. This means that a modern
and well-organized enterprise must achieve high
performance in terms of profitability. In this way,
the company creates the preconditions for cost reduction in production and lower cost of products.
The globalization of markets, competition, lack
of capital and more expensive loans for further investments, call for rational management of capacities in production, or impose the need to improve
efficiency in the invested capital in fixed assets in
each company.
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Abstract
In this research, an application of clustering in
the analysis of users` patterns of behavior is presented. The research was conducted at the Technical Faculty in Cacak. The goal of the research
relates to the determination of the appliance of
cluster techniques in the analysis and detection of
students` patterns of behavior who are participants
in the electronic courses. Apart from that, professors will have an insight in students` patterns of behavior according to that they will have a chance to
organize their classes by using other concepts such
as concept of e-learning. Results point towards the
need of electronic courses adaptation regarding organization of activities concerning time. That is important because students of different clusters have
different periods within which they are the most active. The importance of this research can be seen in
the innovative approach towards evaluation and for
obtaining recommendations for design of adaptive
electronic courses. The following research relates
to cluster application in the domain of interactive
activities that appear in the electronic courses.
Key words: clustering, e-course, data mining,
behavior pattern
1. Introduction
The World Wide Web (WWW) is a vast resource of multiple types of information in varied
formats. Need for discovering and analysis of new
behavior patterns of the users has increased since
the expansion of the web. Analysis of users’ patterns of behavior can be used for new model designing that can be of high importance for understanding of users’ behavior in virtual environment.
E-learning is learning/teaching tool, that is conducted throughout technology that enables learnVolume 6 / Number 4 / 2011

ing anywhere and anytime [1]. On line learning,
whic is a subset of e-learning, is under the spot
lights, beacuse of its application on all education
levels. Nowadays, online learnng in the big nuber
of cases has a shape of online courses that are organised within the learning management system
(LMS – Learning Management System).
However, there are certain defaults that online
learning reveals:
1. a high level of students` activities and
discipline is required
2. there is a high level of students` withdrawl
3. issues related to technology
In order to overcome these default it is necessary to design such courses that will be attended
by the students and that will reduce students`
withdrawls.
During the past few years, a vast number of universities have become familiar with numerous elearning technologies and introduced then into their
teaching in order to increase flexibility and expand
students` expirience during learning [2]. It is of vital importance to conduct evaluation of courses, in
order to achieve qualitative learning with the assistance of electronic courses [3]. The process of evaluation implies also the estimation of what evaluation
is [4]. With the increase of information available
on the Internet, it has become essencial to track automatic tools for finding desired resources and for
tracking and analysis of behaviour patterns [5].
In order to conduct evaluation of electronic
courses it is important to determine and analyze
users` behavior patterns. These behavior patterns
can provide information that can be of significant
importance for evaluation and improvement for
electronic courses.
According to [6], clustering can be used for
determination of users` patterns of behavior in elearning and in e-commerce domain as well. They
1327
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propose in that paper new algorithm based on sequence alignment to measure similarities between
web sessions where sessions are chronologically
ordered sequences of page accesses. Data mining
techniques are applied on log files for the purpose
of obtaining recommendations for efficiency improvement within electronic courses [7]. That paper [7] proposes a platform dependant framework
for recording, processing and analyzing data from
Learning Management Systems (LMS).

––
––
––
––
––
––
––
––

scalability;
dealing with different types of attributes;
discovering clusters with arbitrary shape;
minimal
requirements
for
domain
knowledge to determine input parameters;
ability to deal with noise and outliers;
insensitivity to order of input records;
high dimensionality;
interpretability and usability.

2. Clustering
Data mining presents analysis of observational
data sets with the purpose for detection of undetected links and data summing in a sophisticated
manner, understandable and useful for data owner
[8]. The relations and summings that are obtained
by the data mining process are defined as models
or patterns. Web usage mining is an application of
data mining techniques to discover usage patterns
from web data, in order to understand and better
serve the needs of web based application.
Clustering presents finding groups of objects
such that the objects in a group will be similar (or
related) to one another and different from (or unrelated to) the objects in other groups. Clustering is
a method of unsupervised learning, and a common
technique for statistical data analysis used in many
fields, including machine learning, data mining,
pattern recognition, image analysis and bioinformatics. The goal of clustering is to determine
the intrinsic grouping in a set of unlabeled data.
The main requirements that a clustering algorithm
should satisfy are:

Figure 2. Illustration of clusters and their characteristics
3.  Purpose of the study
Learning management system (LMS) is a software application for the administration, documentation, tracking, and reporting of training programs, classroom and online events, e-learning
programs, and training content [10]. However,
LMS doesn’t allow detail monitoring of the users’
activities nor the evaluation of the course contents’
structure and its efficiency in the teaching process.
In order to consider the complete teaching process
that includes the usage of electronic courses within a specific LMS, a thorough analysis is a must.

Figure 1. Data mining classification [9]
1328
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The objectives of the research:
–– Data pre-processing: clean and prepare the
Web server log file
–– Application of clustering on previously
prepared log files
–– Preparation of report
–– Pattern evaluation: determination of
behaviour patterns based on obtained reports
and their evaluation

ers of moodle learning management system. In
this system, most of courses represent support for
“blended learning" that are realized within certain
subjects, while the other courses are used for distance learning. System with courses is available
for overview at the address [11].

The goals of the research:
–– Professors will have an insight in students'
patterns of behaviour and according to them
they will have a chance to organise their
classes by using other concepts such as
concept of e-learning and adaptive e-courses
–– Determination of the appliance of cluster
techniques in the analysis and detection of
the students' patterns of behaviour who are
the participants in the electronic courses.

A tool that is used for application of clustering
is called The Unscrambler® X [12]. This tool provides a vast umber of analysis possibilities in the
data mining research domain. Module that relates
to clustering is used for the needs of this specific
research.

Hypothesis 1: Clustering methods can be of
use for obtaining recommendations for adaptive
courses designing
Hypothesis 2: Students of different clusters demand activity organization regarding time within
electronic courses
4. Methods
Clustering that is applied on log files, is also
used for analysis of users` behavior patterns.
4.1 Participants

4.2 Tool

4.3 Procedure
Before the beginning of clustering process, preprocessing on log files has to be conducted. Raw
log files contain data that has to be normalized.
After pre-processing, log files contain data that is
staggered in the following columns: year, month,
day, hour, minute, module, activity, and course.
The program The Unscrambler X accepts excel
file with data that is staggered given columns. With
the selection of option for clustering, a window given in the figure 4 appears, within which a type of
clustering, a number of iterations, a range of data on
which clustering is conducted, is selected.
After selection of option OK, clusters on which
data is imported in the program The Unscrambler
X, and these clusters are presented in the chapter
Results.

Data is collected on a sample that consists of
1789 bachelor and masters students at Technical
Faculty in Cacak, Serbia. These students are us-

Figure 3. The illustration of log file after pre-processing
Volume 6 / Number 4 / 2011
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Figure 4. Illustration of choice for clustering options
5. Results

figure 5. Students that are staggered in this cluster
are the most active between 11:30 am and 13:30
pm. Bearing that in mind, electronic courses can
be adapted regarding adjustment in conducting
certain tasks. That relates to creation of questionnaires, tests, and other various tasks. This recommendation can be independently used if a need
for bigger number of activities to be done by students appears, as it is in the case with questionnaire. These results contribute to set hypothesis,
that is, clustering methods can be used for obtaining of recommendations for designing of adaptive
courses. Apart from that, students that belong to
this cluster demand specific organization of activities concerning time, which supports hypothesis 2.
The specific time while which these students are
the most active, recommends activity application
between 11:30 am and 13:30 pm.

In this chapter, results obtained after the application of clustering procedure are presented.
Results are presented within a chart that is presented on three pictures that follow. In all of these
pictures, the activity of students that that are staggered in the clusters by hours is presented. Apart
from that, the overview of the number of elements
that are arranged by clusters, medium value, variance and standard deviation is given.

Figure 6. Illustration of activity classification according to hours for cluster 2

Figure 5. Illustration of activity classification according to hours for cluster 1
Activity classification according to hours for
students that are staggered in cluster 1 is given in
1330

Activity classification according to hours, for
students that are staggered in cluster 2, is given in
figure 6. Students that are staggered in this cluster
are the most active between 9:20 am and 11:20
am. As it is the case with cluster 1, these data can
be used for courses adaptation regarding activities
and their classification. These results support set
hypothesis, that is clustering methods can be used
for obtaining of recommendations for designing
of adaptive courses. Apart from that, students that
belong to this cluster demand specific organization of activities concerning time, which supports
Volume 6 / Number 4 / 2011
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hypothesis 2. The specific time while which these
students are the most active recommends activity
application between 9:20 am and 11:20 am. .

Figure 7. Illustration of activity classification according to hours for cluster 3
Activity classification according to hours, for
students that are staggered in cluster 3, is given in
figure 7. Students that are staggered in this cluster
are the most active between 2:00 am and 4:00 am.
As it is the case with clusters 2 and 3, these data
can be used for courses adaptation regarding activities and their classification.
These results also contribute to set hypothesis,
that is, clustering methods can be used for obtaining of recommendations for designing of adaptive
courses. Apart from that, students that belong to
this cluster demand specific organization of activities concerning time, which supports hypothesis 2.
The specific time while which these students are
the most active recommends activity application
between 2:00 am and 4:00 am.

method for recommendation for designing of
adaptive electronic courses.
Bearing in mind results that are given in the
chapter Results, in the figures 5, 6 and 7, both of
the starting hypotheses are confirmed. That is,
clustering methods can be used for obtaining of
recommendations for designing of adaptive courses. Apart from that, results point towards the fact
that students of different clusters demand different
activity organization regarding time within electronic courses.
Students` features that are staggered in the
given three clusters points toward the fact that in
each cluster there is a certain period of time when
the students are the most active, and these periods amongst clusters significantly differ. Bearing
that in mind, recommendations for adaptation of
courses relate to the production of certain activities by students during different periods of day,
depending on which cluster they belong to.
Unlike [7], results that are obtained with the
application of data mining techniques on data
that originate from LMS, are used as recommendations for designing of adaptation electronic
courses, and not as recommendations for courses
improvement without adaptation, as it is done in
the mentioned study.
Considering obtained results it can be concluded that using clustering method significant
information about behavior patterns of electronic
course users can be obtained. Based on this information, electronic courses can be significantly improved with the application of recommendations
that are obtained by these methods, and that move
towards the adaptation direction and certain cluster affinities within which student are staggered.
7. Conclusion

6. Discussion
According to [6], clustering can be used for determination of users` patterns of behavior. Bearing in mind the possibility for clustering use in
the analysis of users` patterns of behavior, the research was done in the direction of application of
clustering in the analysis of the above mentioned,
and also in the direction of the application of this
Volume 6 / Number 4 / 2011

Permanent advancement of Internet technologies opens need for their introduction into the
modern teaching process. In order to conduct
evaluation and advancement of electronic courses that are being held within system for electronic learning, a research by clustering method has
been conducted.
The significance of the research can be seen in
the innovative access for evaluation and recom1331
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mendation obtaining for designing of electronic
courses. Results that are obtained with this research point towards the need for adaptation within domain of activity organization within time in
electronic courses.
Results confirm set hypothesis and point toward the need for adaptation of courses in a domain of activity organization within time. Apart
from that, clustering methods are proved to be
very convenient for obtaining of recommendation for adaptive courses designing. The following
study relates to the clustering application in a domain of interactive activities such as chat rooms,
forums, wiki pages etc.
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Abstract
This paper presents basic principles/elements
of original, hybrid developed 3D model for
knowledge management with IT for E-learning,
concerning 12 key aspects/criteria on the level
of quality management and with the aim of excellence modeling, supported by the examples of
LMS - tool Moodle. The possibilities of E-learning improvement and implementation are shown
by quantitative and qualitative analysis, through
basic influential model factors: 1) terminology
and leadership, 2) organization, 3) personnel, 4)
development, 5) standardization, 6) environment,
7) innovations, 8) processes management, 9) resources and technologies, 10) evaluation and interface, 11) knowledge preservation, as well as 12)
application results.
Survey research covers all relevant factors.
Process approach is supported by the results of
original hybrid model application for knowledge
management towards E-learning excellence with
LMS Moodle.
Key words: E-learning, Knowledge management (KM), Excellence modeling, LMS Moodle
1. Introduction
In the last few years, the concept of knowledge
management, which has its roots in organizational
learning, has been used in various disciplines.
In the international classification of standardization E-learning is ranked within multidisciplinary IT (ICS = 35 - IT... = subfield: 35.240.99
– Applications of Information technology for Elearning), [1].
In modern IT and artifical inteligence, knowledge - 28.01.03 is the third standardized term in
Volume 6 / Number 4 / 2011

the first part of the 28th vocabulary - a collection of facts, events, beliefs, and rules, organized
for systematic use, according to ISO/IEC 238228:1995, [2].
Modern IT can collect information, systemize
structure, store, combine, process, distribute and
represent important information, followed by suggestions for problem solving (12), as it is shown
in Figure 1.

Figure 1. IT and interelations of basic terms in
knowledge based systems, [3]
IT and knowledge bases can be sucessfully
integrated through different stages, including 12
areas of standardized IT, in interaction through 12
aspects of knowledge management model towards
E-learning excellence.
In order to form and select key criteria of
knowledge management model during modeling,
the study analyzes many literature reviews, ISO/
IEC standards, book analysis, Internet, journal
papers and conference proceedings. Descriptive
and exploratory methods have been used in this
research.
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1.1 Starting hypotheses
The purpose of this study is to model knowledge
management and to examine Learning Management System (LMS) Moodle (Modular Object-Oriented Dynamic Learning Environment), Software
package for producing Web courses (www.Moodle.
org), which is used in E-learning (teaching, education, training) through 12 aspects of Excellence
model, as well as to prove suggested hypotheses:
–– H1 - knowledge and databases management
(from data bases and expert systems in
"microprocesses", etc.) in IT is similar
to knowledge management in human
macroprocesses (E-learning excellence) and
can be modeled and simultaneously analyzed
through 12 standardized parts of IT,
–– H2 - on the road to E-learning excellence,
knowledge management is defined
and arranged (with the possibility of
standardization) through 12 key criteria
(aspects at the quality assurance level),
–– H3 - knowledge management is at the level
of quality management and LMS, as well as
at the level of the excellence model with
numerous comparable criteria/aspects for
quality assurance,
–– H4 - key knowledge management criteria/aspects
allow further development of sub-criteria and
their application in practice at the process level
(examples of knowledge management research
through LMS Moodle, etc.):
○○ sub-criteria at process level are those that
can be set in the third dimension (LMS
Moodle), and that are at the intersection
of the microprocesses (IT for E-learning)
with traditional learning macroprocesses;
○○ E-learning results achievable in an
educational institution are independent
from higher levels (state level or
implementation level, according to
statistics on higher education) and
directly dependent on the objectives
of the teaching staff and the trainees
themselves (pupils/students) as a team
support of key factors, etc.;
○○ the environment is related to resources,
for
example,
Moodle
courses
administration, etc.;
1334

○○ the need for innovation is confirmed and
implied by the innovation of surveys and
includes innovation of these, etc.;
○○ there are numerous sub-criteria for
excellence modeling. Therefore, there is
a strong need for editing/standardization
of E-learning, etc.;
○○ assessment sub-criteria can be debatable
without standardization, etc.
2. Modeling of knowledge management
towards E-learning excellence
A part of knowledge can be stored in knowledge bases. However, looking at it from a different
perspective, knowledge can be memorised in human brains as information combined with experience, context, interpretation, contents, intuition
and creativity. Information, which can be stored
in computer (as data), becomes knowledge after
being processed in the memory of an individual.
This knowledge will again become information
when it is clearly articulated or exchanged with
other individuals in the form of text, from the output unit, and in order to solve problems.
2.1 Modeling of knowledge management
Knowledge management, with numerous models, comprises a range of strategies (from top to
bottom) and practices (from bottom to top) used in
organizations for identifying, organizing, creating,
processing, storage and distribution of knowledge,
in order to solve various problems. Such a deductiveinductive approach and experiences contain knowledge, either possessed by individuals or arranged in
service processes or organizational practice, with or
without the support of IT, with or without software
solutions and accompanying modern tools.
2.1.1 Definitions of knowledge management in
the formation of the original hybrid model
Knowledge management includes: numerous
strategies (2), set of recources (9) and activities
(...8...) for collecting and/or creating knowledge
Volume 6 / Number 4 / 2011
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(4), storing (11), distribution of knowledge (3,
5, 6) and knowledge application (12), in order to
increase overall productivity and solve problems,
with the prior definition of clear objectives (1) and
content selection (2) which should be achieved in
the process of knowledge management, Fgure 2.

Figure 2. Activities and resources for knowledge
management
Knowledge management describes the process
of creating and developing (4), finding (1), organizing (2), using (12) and sharing of knowledge
(5-6), and supports learning (8). The main goal
of knowledge management is to identify (3), capture (11), manage (1-12), analyze (7), and extract
knowledge from various sources within an organization and place it into a structured, organized format (2) that can be shared. Knowledge management assumes collecting (4), organizing (2) and
distributing information (5, 6) in such forms that
it can be practically used (12), [4]. It is found at
the intersection of several disciplines and practices like: cognitive sciences, information sciences,
document management, decision support systems,
organization sciences, [5]. It has its roots in organizational learning and strategic management.
The purpose of Knowledge management system
is to organize (2) preservation (11) and manipulation of knowledge (10). Therefore, its basic funcionalities are to generate (4), store (11), distribute (8)
and apply (12), [6]. Processes of application (12),
generation (4), storage (11) and distribution (8) of
knowledge are critical for effective exchange of
competences and experience among students (3).
Knowledge can be individual or collective, [7].
Individal knowledge can be created and exists in individuals - leaders (1), whereas collective or social
knowledge is created by and stored in “partnership“
groups (on the Internet - 5, in the LAN - 6, etc.).
Nonaka and Tacheuchi (1995) - [8], propose
the "SECI Model" that transforms knowledge
Volume 6 / Number 4 / 2011

from one form to another: which is defined in ISO/
IEC 2382-1 vocabulary as an analogy to define
processes, here the process model.
Probst, G., Raub, S., & Romhardt, K. (1997) [9], propose a commonly used framework which
is made of eight interrelated modules, such as:
knowledge goals (1), identification (3), development (4), distribution (5, 6), preservation (11), use
(12), acquisition (7) and measurement of knowledge (10). These modules structure the knowledge
management process in logical phases, help in
identifying the source of knowledge problems (1)
and indicate the need for intervention (12).
Alavi and Leidner (2001) - [10], present the
third model and distinguish four processes within
it: creation (4), storage (11) search (3), transfer (5,
6) and application of knowledge (12).
2.1.2 Connection criteria: IT (E-learning),
knowledge management and LMS tools
(Moodle)
Our original hybrid model of E-learning, as a
combination of traditional and E-learning, quality management and EFQM (European Foundation for Quality Management), has been developed
by the implementation of knowledge management,
supported by IT and LMS Moodle, through 12 key
criteria, aiming towards excellence (where the key
criteria are on the diagonal of 3D model: IT (ELearning) (x) – Knowledge management (y) – LMS
Moodle (z), for x = y = z =1, 2, 3, ...12), Figure 3.

Figure 3. Connection criteria of IT (E-learning) Knowledge management - LMS in original 3D model
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(1.1.1) leadership, supported by standardized
ISO/IEC IT terminology in knowledge management iniciatives;
(2.1.2) the strategy of the organization as a
common criterion. E-learning is not often associated with knowledge management. However,
some common points as well as distinctions can
be identified. E-learning and knowledge management share the same, common strategy of creating
a learning organization, [11];
(2.2.2) organization, with the concept of
knowledge coding and knowledge transfer in
educational institutions: training and professional
development programs of employees, processes,
procedures, reports, instructions, metadata;
(3.3.3) team support (collaborative technology), where the transfer of knowledge appears at
different levels and directed towards different target groups: between individuals, groups and from
individuals to groups and to entire organization, to
the person who is in charge of knowledge transfer,
and should convey the proper context in the manner in which it can be used (3.3.12) and remembered (3.3.11);
(4.4.4) software development for E-learning
conditioned by educational needs in the 21st
century, has brought about important changes in
knowledge management processes in educational
institutions, and a part of survey results which
should provide feedback through innovation is
presented in later sections of the paper (4.4.7);
(5.5.5) standardization of IT and E-learning
has certain advantages for educational institutions,
teachers, students and the Internet market;
(5.11.12) Internet technologies as a key criterion. E-learning is continuous assimilation of
knowledge and skills stimulated by synchronous
and asynchronous learning events - and sometimes knowledge management outputs - which are
authorized, delivered, deployed, and administered
with the aid of Internet technologies (5), [12];
(6.6.6) the environment with news in the field
of knowledge management has the possibilitties of
using modern IT (for instance, Internet, Intranet,
browsers, data storage, software agents, network
expert systems), in supporting the creation, sharing and exchange of knowledge within organizations and between them;
(7.7.7) visualization and innovations, through
1336

LMS Moodle application, can solve the problem
of interfunctional knowledge transfer (for example, communication between different activity
participants and experts);
(8.8.8) processes are in the central focus of
knowledge management: knowledge management
addresses learning as a part of knowledge sharing
process and pays more attention to specific forms
of informal learning or providing access to learning resources (8.8.9) or experts (8.8.3);
(9.9.9) recources with new technologies are
unavoidable elements of LMS Moodle, and
„knowledge“ about IT has been standardized by
international ISO/IEC standards (9.9.5);
(x.10..z) assessment as a key criterion. Elearning and knowledge management assess how
successful the users are in learning process and in
the case of knowledge management the users are
also assessed with respect to their ability to share
and reuse knowledge. In E-learning systems the
assessment is carried out by formal testing of the
user’s ability to apply, combine and classify newly
acquired knowledge. The assessment in knowledge management systems focuses on improving
competent performances, [13];
(10.y.z) interrelation and integration – the
model is integrated horizontally and vertically in
Serbian educational system, from terminology to
the results of application, and all resources and
accompanying activities for knowledge management, through E-learning excellence, are interconnected within the Excellence model configuration;
(11.11.z) knowledge - E-learning and knowledge management issues converge towards new
paradigms, promoting "doing while learning and
learning while doing";
(x.11.z) knowledge dissemination in correlation with the resources (x.11.9) and the needs of
users (x.11.1). Both E-learning and knowledge
management aim at improving individual, team
and organizational performances (2) by knowledge dissemination. E-learning delivers knowledge by assigning instructionally designed learning resources (9) to individuals, while knowledge
management systems store and convey knowledge
according to individual skills, competencies and
needs of users (1);
(12.y.z) E-learning and Knowledge management do the same “things” in different ways. EVolume 6 / Number 4 / 2011
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learning delivers processed knowledge (11) - it
takes subject matter expertise, puts it through an
instructional design process and presents the results in an obvious framework (12), [12];
(7.12.z) results - knowledge visualization offers a systematic approach to the ways in which
visual representations can be used for the transfer
of knowledge in order to increase its speed and
and quality.
2.2 Knowledge management model in Elearning
The EFQM Excellence model has its origins in
Total Quality Management (TQM). It is a holistic
framework and it is most successful when interpreted as such. Figure 4 shows Excellence Model
as a base for excellence application in higher education, through 12 aspects.

Figure 4. Knowledge management and Elearning through Excellence Model and LMS tools
Many criteria occur on the way from leadership
to results (8 bearers and 4 results, totally 12 criteria and over 32 sub-criteria, [14]). On the same
way, but in the opposite direction, improvements
and learning close the cycle of feedback, [15].
According to Bhatt D., [16] a key element of a
knowledge management concept is a requirement
concerning People (1, 3), Processes (8) and Technology (9) in tandem. Used in the same way as it
is developed, the Excellence Model provides an
ideal framework for management and continuous
improvement of E-learning in higher education.
By extending EFQM Excellence model and
"SECI Model", based on Probst - [9], Alavi and
Volume 6 / Number 4 / 2011

Leidner - [10], 12 elements of knowledge management model towards E-learning excellence - with
innovations through LMS Moodle, can be defined:
1. leadership and terminology, through
socialization and internalization, by
standardization of terminology and by
identification of people with specific skills
and knowledge in an organization;
2. organization, through combination, where
knowledge is organized in the way that
more efficient and effective acquisition of
new knowledge is enabled;
3. administration and teamwork support,
through cognition, where students can get
support when they need it;
4. development, through knowledge creation;
5. externalization, distribution with knowledge
preservation, when knowledge is stored in a
system with the aim of teaching others;
6. knowledge
sharing
in
adequate
environment, and its transfer;
7. innovated LMS (described in detail in the
later sections of the paper);
8. knowledge
acquisition,
through
internalization and socialization;
9. resources and technologies, through the
use of different forms for representation of
knowledge;
10. knowledge
measurement,
integrated
through
cognition,
evaluation
and
assessment, providing feedback from
students on acquired material;
11. knowledge preservation and storage, by
connecting declarative, procedural, causal,
located and relational knowledge;
12. knowledge application and results (survey
results sample).
2.2.1 LMS Moodle
While portals provide gateways to learning resources, Learning Management Systems (LMS)
provides the functionality. LMS uses Internet
technologies to manage the interactions between
users and learning resources. In addition, LMS is
essential for creating an environment where employees can plan, access, launch, and manage Elearning on their own, [17].
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Experiences concerning the LMS tool Moodle
implementation, at Technical faculty Cacak, will
indicate, through the survey results, the necessity
of more active implementation of already mentioned hybrid model.
3 Research, participants and results
3.1 Research analysis of E-learning in higher
education in Serbia
The Internet research was conducted at the end
of August and at the beginning of September 2010,
as a starting point for achieving excellence in higher education in Serbia. The objective of the research
was to collect data about schools of professional
studies and faculties, in order to provide a platform
for E-learning (LMS), E-materials and the possibilities for distance learning. The conducted research
covered 140 faculties (80 state and 60 private faculties) and 75 schools of professional studies (49 state
and 26 private schools) in Serbia.
According to the data obtained by Higher Education Reform Experts (HERE team - http://www.
tempus.ac.rs/here), higher education system in
Serbia consists of:
–– - more than 7593 teachers,
–– - more than 200000 students (235940
students in total – in 2008/09 school year),
–– - 54 510 newly enrolled students in 2009/10,
out of which more than 24000 are on a
budget,
–– - more than 50000 newly enrolled students
in 2010/11,
–– - there are 26 students per teacher in Serbia
(compared with 10-12 students per teacher
in EU),
–– - 14158 students at The university of
Kragujevac (http://www.kg.ac.rs and http://
sr.wikipedia.org/sr-el/), 811 employees
(teaching staff), and approximately 1000
students at Technical Faculty Cacak which
is a branch of the University, etc.
According to the obtained data for 2009/10
school year, five schools (10.29%) out of 49 state
schools of professional studies have the platform
for E-learning (LMS), only four schools (8.16%)
1338

have E-teaching materials, whereas distance learning is not offered by any of them. Three schools
(11.53%) out of 26 private schools of professional
studies have the platform for E-learning (LMS),
two of them (7.69%) have E-teaching materials,
whereas only three schools (11.53%) offer distance learning.
Six faculties (7.5%) out of 80 state faculties
have LMS, twelve of them (15.0%) have E- teaching materials, and only one of them (1.25%) offers
distance learning. Two private faculties (3.33%),
out of 60, have LMS, nine (15.0%) provide, Eteaching materials, and only three faculties (5.0%)
offer distance learning.
This quantitative analysis indicates the need for
having more LMS tools, E-teaching materials and
distance learning in the higher education institutions.
Besides standardization criterion (and bylaws)
and competition (state - private institutions), other basic conditions for realization of knowledge
management towards E-learning excellence are
independent of higher (state) level support: leaders are between teachers and assistant teachers (1),
resources can be of Open source type - like LMS
Moodle (9), innovation is implied (7), although it
cannot be realized without strong enthusiasm and
goals higher than financial motivation.
3.2 Methodology of sample surveys
3.2.1 Research design, settings and participants
In qualitative - survey research conducted in
January 2010, the data about the application of
Moodle teaching (http://itlab.tfc.kg.ac.rs/moodle/)
were obtained from fourth-year students, in order
to test the set hypotheses. Taking into consideration that the given sample included 56 students
enrolled in Technical faculty Cacak, 26 part-time
and 30 full-time students, the additional hypothesis was introduced in order to test how the opinions of these two student groups differentiate on
the application of hybrid teaching model. Table 1
shows the demographic description of the sample.
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Table 1. Demographic description of the sample
Demographic
Frequency
category
Gender
Part-time students
Female
11
Male
15
Full-time students
Female
8
Male
22
Sample
Female
19
Male
37

Percentage
(%)

42.31
57.69
26.67
73.33
33.93
66.07

3.2.2 Instruments and data collection
The questionnaire consisted of 12 open-ended
and close-ended questions, composed on the basis
of 12 Excellence model criteria, so that each one
individually referred to one aspect of presented
model. The questionnaire was not anonymous.
It included questions about access and activities
on Moodle, organization and structure of E-materials, roles of students in future based on their
knowledge, priorities in course development,
standardization, E-Learning equipment, course
improvement, level of acquired knowledge (by using 3-point scale), media that influence the understanding of content, readiness for distance learning
and acquired level of knowledge i.e. making tests
on the course. In the final part, students evaluated
the course results on Moodle, using 6-point scale
(indecisive, completely agree, agree, neutral, disagree, totally disagree).
3.2.3 Data analysis
Data were entered in Excel 2007 for quantitative analysis. Since the main purpose of the research was to examine the potential for application of LMS Moodle for knowledge management,
in order to achieve excellence, descriptive statistics such as frequency, percentage, mean values,
standard deviations and one-side z-test were used
in order to test hypothesis. Open-ended questions
were coded to identify key patterns and themes
emerged from the data.
Volume 6 / Number 4 / 2011

3.3 Results
1. Almost all students who participated in the
survey (98%) used materials on Moodle and in
most cases (86%) they were active on Moodle,
and in 2011 the percentage of the active students
was even higher.
Students stated several activities in which they
participated on Moodle - participation in the forum (43.10%), asking questions (22.41%), entering profile (55.17%), test development (3.45%),
image input (15.52%), homework (41.38%) and
downloading teaching materials (77.59%), as it is
shown in Table 2.
Table 2. Moodle activities
Moodle activities

Frequency

Percentage
(%)

25

43.10

13
32
2
9
24

22.41
55.17
3.45
15.52
41.38

45

77.59

Participation in the
forum
Asking questions
Entering profile
Test development
Image input
Homework
Downloading teaching
materials

2. Organization: structure and organization of
E-materials are adequate for 46 students (82.14%),
while other students gave negative responses.
Some of the reasons for the negative answers are:
"too much material", "need for more comprehensive and more specific literature", " students
who have met with E-learning for the first time
found it ambiguous", "necessity for more practice
material".
3. Acquired knowledge will enable majority of
4th year students (in January 2010) to continue to
be independent users (85.71%), course creators
and administrators in equal ratio (7.14%), as it is
presented in Table 3.
Table 3. Application of knowledge in the future
Future roles in
Moodle courses
Independent user
Course creator
Administrator

Frequency
48
4
4

Percentage
(%)
85.71
7.14
7.14
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4. Developing aspect: priorities are given to
the development of teaching materials, training
materials and tests, whereas the development of
audio materials is least significant (Table 4). Students are allowed to rank answers (from 1 - major
priority to 5 - lowest priority). According to the
mean value, the highest priority is given to the development of teaching materials (M=1.1935484;
SD=1.6789695), then to the development of practice materials (M=1.9444444, SD=1.1453071),
test development (M=2.1875, SD=1.1267348)
and eventually to the preparation of materials with
audio support (M=2.75, SD=1.4958275).
5. Standardization: one third of the students
(31%) gave priority to all aspects of E-learning
standardization, 23% chose assessment standardization, 20% declared in favor of content standardization, 16% chose terminology standardization, while 10% of them declared for combination
of all previous (Figure 5).

6. Environment: according to the students
opinion, undergraduate academic studies (32%)
are best equipped for E-learning. They are followed by, PhD studies (25%), master studies and
primary schools (13% each), secondary schools
(11%) whereas worse equipped are undergraduate professional studies with only 6%, as shown
in Figure 6.
7. Innovations and LMS: from 7 offered answers, students would improve Moodle course
by 1) updating content - 25 answers, 2) providing more information before course - 24 answers,
3) improving course organization - 22 answers, 4)
adding more media - 22 answers, 5) adding activities - 17 answers, 6) adding content - 16 answers,
7) reducing amount of teaching materials - only 3
answers (Table 5).
Table 5. Findings related to the course improvement
Course improvement
Updating content
More informations
before course
Improving course
organization
Adding more media
Adding activities
Adding content
Reducing amount of
teaching materials

Figure 5. Standardization priorites

25

Percentage
(%)
44.64

24

42.86

22

39.29

22
17
16

39.29
30.36
28.57

3

5.36

Frequency

* Students were allowed to give more than one answer.

8. Knowledge acquisition process:
H5 hypothesis was tested: there is no significant difference in the opinions of part-time and
full-time students about the level of the knowledge
acquired by a) traditional lectures only, b) combination of traditional classes and course attendance
and c) course attendance only. Alternative hypoth-

Figure 6. Accomplishment for E-learning
Table 4. Priorities in course development
Priorities in course development

Number of
students

Test development
Development of practise materials
Development of teaching materials
Preparation of materials with audio support

16
18
31
16
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Grades
1
6
7
29
6

2
4
7

3
3
2
4

4
3
2
2
4

5

2

Mean

SD

2.1875
1.9444444
1.1935484
2.75

1.1267348
1.1453071
1.6789695
1.4958275
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esis was H6: there is a significant difference in the
opinions of part-time and full-time students about
the level of acquired knowledge. Statistics is derived on the basis of the total number of responses
and assessment scales (1 - for the lowest rating
and 3 - for the best rating) for the answers from a)
to c). This statistics is presented in Table 6.
Table 6. Comparison of mean values (z-test) of the
opinions of part-time and full-time students
z-Test: Two Sample for Means

Mean
Known Variance
Observations
Hypothesized Mean
Difference
z
P(Z<=z) one-tail
z Critical one-tail
P(Z<=z) two-tail
z Critical two-tail

part-time
students
2.076923077
0.643357
78

full-time
students
2.022222222
0.56129
90

0
0.454505378
0.324732561
1.644853627
0.649465122
1.959963985

On the basis of z-test (|z| < za/2) it can be concluded that there is no reason to reject the null
hypothesis, on the level of significance a=0.05,
or that the opinions of half-time and full-time students agree. According to this, the level of knowledge acquired through a combination of traditional classes and course attendance is the highest
knowledge, which indicates the possibility for the
application of hybrid (mixed) model in teaching.
9. Resources - technologies: 1) combination of
media, 2) speech, 3) video materials, 4) static pictures and 5) audio substantially contribute to the
understanding of the content ( shown in Figure 7).

Figure 7. The influence of media on the understanding of content
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10. Integrally: students are generally ready for
distance learning (on Moodle), i.e. 71% of examiners consider themselves ready.
11. Two-thirds of the examined students (67%)
of the fourth year (2010), consider that they acquired enough knowledge by attending course on
Moodle, so that they can start doing their tests,
29% of students is not sure, whereas 4% of them
considers that they cannot individually work on
the test on LMS Moodle.
12. Consequently: during the estimation of the
course results on Moodle, students mostly agree
that: 1) they will be able to use the lessons learned,
2) Moodle course helped the understanding of the
content. On the other hand, they least agree that
3) they do not have to attend class (although the
optional for part-time students have been reduced
from 15 to just three weeks). Figure 8 shows estimation of the results of the course on Moodle.

Figure 8. Estimation of the results of the course
on Moodle
4. Discusion
It is possible to apply the hybrid (mixed) model
for knowledge management. LMS could be used
as an effective strategy against overwhelming
amount of information, which presents the main
problem in teaching processes.
In order to find better solutions for problems, it
is necessary to reach an agreement on protocols,
data models and interface, to innovate knowledge
about standardization, and to follow all 12 aspects
of Excellence Model from strategic aims, via operational activities, up to the expected results of
knowledge management. Taking into consideration that education presents a process of sharing
and acquiring knowledge, skills and competen1341
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cies, the role of knowledge management through
12 aspects of E-learning excellence, is of crucial
importance.
This can be a vital prerequisite for 12 knowledge domains, towards problem solving process:
1 The application of the presented original
Excellence Model, standardization of
terminology, adapted to E-learning
environment in Serbia, [18], facilitates
keeping track of aims, activities and results
through all 12 aspects of knowledge
management.
2 Problem solving in E-learning application
is often connected with standardized data
models and systems, structured contents
and mutual connectivity of E-learning
systems which, consequently enables better
connection of existing learning contents and
E-learning systems in one unit, at the level
of educational institutions or at the national
level.
3 Tools for project development, collaboration
tools, helpdesk functions and information
delivery on demand and LMS are common
characteristics of E-learning and knowledge
management.
4 Development, standardization, acceptance
and application of Excellence Model bring
about faster and cheaper design of E-learning
materials and knowledge management
system.
5 Acquaintance with and application of
standards in E-learning (19 published and
about 30 in development - all international
- ISO/IEC) should ensure integration and
common quality level of teaching materials
and provide productive, competitive and
motivating environment for the authors.
6 The adoption of basic common guidelines
concerning teaching methodology will
contibute to the creation of a consistent
E-learning environment and help teachers
and authors of learning materials.
7 New technologies, LMS Moodle and
visualization allow new connection types
and collaboration in communities.
8 Knowledge flow process is very similar
to the processes related to the selection
of the most suitable E-learning materials.
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Therefore,
knowledge
management
processes should be more integrated in the
delivery of learning contents and should
support learning activities.
9 Knowledge management and knowledge
management systems, learning objects
as technologies for development and
various information exchange, represent
environment resources in which virtual
communities of students or team members
cooperate and communicate, using tools and
systems functionalities for the exchange of
ideas, skills, knowledge and competencies,
receive learning resources and other useful
tools and services.
10 It is obvious that the strong relations exist
between quality management systems,
LMS, quality system, educational system
and other systems within the adapted
Excellence Model in Serbia.
11 The need for virtual knowledge communities and learning contents exchange stimulates
the development of system characteristics
and the integration of new technologies,
towards mass expert system application.
12 The application of the model will enable
both students and teachers to find and use
the content more easily, as well as to achieve
better results. The usefulness of the results
is of greater significance for wide social
community in Serbia than for satisfaction of
student as individual.
5. Conclusion
Implications of knowledge applied to the Excellence model are applicable to all types of organizations in higher education. This enables natural
integration of functions for knowledge management aiming at building high-quality educational
system, adapted to the context in which it is used.
The study has shown that the ultimate users (students) fully accept such systems and it suggested
that this mixture of E-learning and knowledge
management functionality can contribute to the
improvement of learning and teaching processes.
The results obtained in the research confirm
and verify that the newly developed, presented,
Volume 6 / Number 4 / 2011
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original 3D model (IT-Knowledge managementLMS Moodle) can be modeled and simultaneously
analyzed through 12 standardized parts of IT and
12 key aspects at the level of quality assurance.
Knowledge management is at the level of quality
management, LMS and Excellence model. Consequently, this leads to the further development of
sub-criteria and their practical application, with
the aim of achieving E-learning excellence. All
sub-criteria, at the process level and in accordance
with the process model, can be set in the third dimension of the model. Thus, the requirements for
the application of hybrid model of E-learning are
concretized at the intersection of microprocesses
(IT for E-learning) and macroprocesses of traditional learning.
It is evident that the results of E-learning which
are realized in higher education institutions become independent from higher levels of government, [18]. Nevertheless, they depend on the
objectives of techers, staff and the trainees themselves, and they are closely related to standardization, competition - partnerships and innovations
which are followed by team support. Virtual environment of knowledge communities which are
created at the same time is closely related to resources, technologies and development tools, data
models and systems.
Knowledge management model in practical
applications is suitable for testing other hypotheses, and numerous other criteria, which was
supported by separate surveys which indicate the
need for innovation, whereas evaluation and estimation sub-criteria may be questionable without
standardization.
The model is open and suitable for new researches, especially in the field of result comparison within the established criteria and sub-criteria
for E-learning excellence, with the aim of enhancing development and the application of results.
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Abstract
Mixing different concepts of learning such as
e-learning and traditional learning is very popular
nowadays. Information technologies bring new
possibilities and enrich traditional learning environments. Mobile learning (m-learning) offers
new opportunities and could improve the learning
process, creating new blended forms of education.
This paper will present the main advantages and
disadvantages of m-learning, requirements for
the development and practical realizations of mlearning platforms as well as the initial results of
implementation.
Key words: mobile learning, application,
blended learning, adaptation
Introduction
The learning concept has dramatically changed
during the last decades. Blended learning is a
popular term in modern education with ambiguity about what it actually means. Graham (2006)
offers a definition of blended learning which recognizes some combination of virtual and physical
environments. Other authors like Mason & Rennie (2006) and Driscoll (2002) included other aspects such as a blend of various pedagogical approaches, a combination of any form of instructional technology with face-to-face instructor-led
training and a mixture or combination of instructional technology with actual job tasks. Oliver &
Trigwell (2005) placed the definitions of blended
learning cited in the literature into seven categories: Mixing E-learning with Traditional Learning; Mixing Online Learning with Face-to-Face;
Volume 6 / Number 4 / 2011

Mixing Media; Mixed Contexts; Mixing Learning
Theories; Mixed Learning Objectives; and Mixed
Pedagogies. Blends between e-learning and traditional learning are very popular.
E-learning, which is now considered as a mature educational technology, is based on the usage
of personal computers. On the other hand mobile
learning (m-learning) is a natural extension of elearning and the first definitions called it “mobile
e-learning”. Early approaches in defining mobile
learning were focused on technology and mobility of devices, often defining it as e-learning with
mobile devices.
Mobile technologies are today one of the fastest
growing and most emerging technologies, so pervasive and ubiquitous that it is now almost impossible
to imagine how complicated our life would be without mobile devices, especially mobile phones. According to Livingston (2004), a mobile device is “a
device small enough to fit comfortably into a purse,
pocket or holster, so you can continually keep it with
you at all times”. Nowadays, a lot of devices can fit
into this definition: mobile (cellular) phones; PDA
devices; smart phones; personal media players, such
as mp3 and mp4 players, iPods, etc.
In addition, this way of communication and the
devices are particularly popular among the young
population, so even in developing countries, the
percentage of persons aged 16-24 that have a mobile phone is over 90%. In developed countries at
the end of 2010, the mobile market reached saturation level with on average 116 subscriptions per
100 inhabitants (ITU 2010).
Considering the wide popularity of mobile devices and mobile technologies, as well as the relative maturity of e-learning, it is clear that the usage
of m-learning will increase and get more popular,
1345
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creating and enriching different concepts of learning and creating new blends.
This paper will present an m-learning concept
and its advantages and disadvantages as well as
requirements for appropriate solutions for mlearning and developed practical implementation.
Mobile Learning - Advantages and
Disadvantages
There are various definitions of mobile learning. Traxler (2005) defined mobile learning as
“any educational provision where the sole or
dominant technologies are handheld or palmtop
devices”, whereas Quinn (2000) defined it as “elearning through mobile computational devices:
Palms, Windows CE machines, even your digital
cell phone”. These definitions consider m-learning
as a means to access content, “rather than as a way
to integrate learning as a part of an increasingly
mobile style of life” (Wingkvist 2009). But the
concept of mobility in mobile learning is larger
than the mobility of devices. Kukulska-Hulme
and Traxler (2005) give a more abstract definition
of m-learning with the accent on the mobility of
the learner, saying that it is learning on the move,
often enabling the learner to take control over time
and place, making it more spontaneous and personal. Sharples, Milrad, Arnedillo-Sanchez & Vavoula (2009) define the mobility in mobile learning as including:
–– The physical space,
–– Technology,
–– The conceptual space,
–– The social space, and
–– Time.
Similarly, O’Malley et al. (2003) stated that
m-learning is “any sort of learning that happens
when the learner is not at a fixed, predetermined
location, or learning that happens when the learner
takes advantage of learning opportunities offered
by mobile technologies”.
Learning can (and does) happen at any time
and at any place (Wingkvist 2009). Sometimes the
location or time is important to learning (such as a
museum visit or work in the field) and sometimes
it is just a setting (such as a train or plane). Re1346

search in the field of mobile learning can be seen
as investigation of how these aspects of mobility
assisted by technology can help learners to receive
and gain new knowledge.
The main advantages of m-learning compared
to e-learning are (Georgiev, Georgieva & Smrikarov 2004, Kalinic & Arsovski 2009):
–– It could be performed anytime and anywhere
i.e. at a time and place most suitable for the
user. Even during a short break (e.g. while
waiting for the bus or train or traveling to
your school or job), it is possible to connect
to the system and read some modules or test
previously acquired knowledge,
–– A mobile device is personal, so everyone
could set it according to its personal needs
and wishes,
–– Smaller size and lighter weight than desktop
PCs, so it could be taken everywhere the
owner goes,
–– Most of mobile devices have lower prices
than desktop PCs,
–– A mobile device offers various methods
of connection to other devices and
communication with others,
–– Higher availability i.e. a much higher
number of mobile devices compared to
desktop PCs,
–– M-learning is more personal than e-learning,
–– Many mobile devices nowadays come with
GPS, so it is possible to have locationaware learning, i.e. to automatically get
information related to a current location, etc.
The main limitations on the wider application
of mobile devices in education are (Kalinic & Arsovski 2009):
–– Small screen size, which means small letter
size and a lot of scrolling while reading;
but latest models of smartphones come
with much bigger touch screens (up to 4.2",
and with a resolution up to 480x800px),
significantly reducing this limitation;
–– Small keyboard, so data entering is tiresome
(possible solutions are voice or handwriting
recognition, touch screen or external
keyboard);
–– Slow processors, but with the latest
generations of processors for mobile
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devices, this problem is not so important;
Limited memory size (the latest phones may
expand memory size by adding memory
modules and cards);
Limited battery capacity (this problem is
significantly reduced with new lithium
batteries or, in the future, fuel cells);
No standard software platform and operating
system for mobile devices (at the moment,
the dominant smart phone operating systems
are Symbian and Android (Canalys 2010));
Low data flow rate, but this is much
improved by the introduction of the 3G and
4G system and WLAN (WiFi);
Mobile devices can easily be lost or stolen;
Difficult (very often impossible) to upgrade
hardware;
Mobile devices quickly become obsolete,
etc.

It is important not to consider only m-learning
as a pocket version of e-learning, but to exploit
its full potential, taking in mind all its advantages
over e-learning, especially learning just-in-time
and just-in-place.
Forms of M-learning and Requirements for
M-learning Platform Development
A number of Universities have been trying to
explore and include an m-learning concept in their
learning systems. At the University of Glasgow
(Trinder, Magill & Roy 2005), an application that
monitors student activities and self-assessment
tests on a PDA device was developed. All collected data were synchronized with a server periodically, so it was easy to monitor the progress of
each participant. Project KNOWMOBILE aimed
to develop and evaluate net-based and mobile solutions for knowledge access in distributed training of medical students, leading up to their lifelong
learning (Smordal & Gregory 2005). The project
was based on the usage of PDA devices in a hospital work environment and access to the necessary
information via these devices.
In the pilot project at the University of Sussex
(Luckin, Brewster, Pearce, du Boul & SiddonsCorby 2005), the target mobile device was XDA,
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one of the first devices that integrated a PDA and
mobile phone, along with a Pocket PC OS and
GPRS data transfer. The devices were used by
third-year IT students to access learning material
which was a mix of theoretical grounding, case
study examples and hands-on experience. At University of Regensburg, Germany, so called Virtual
University (VUR – Virtual University of Regensburg) was developed (Berger, Mhor, Nosekabel &
Schafer 2003). This system had module for mobile
devices, called WELCOME (Wireless E-Learning
and COMmunication Environment), which had
the following services: study administration, mobile education, communication with colleagues
and professors and services related to the life on
campus. It was shown that this way of learning
and contact had faster reaction, lower expenses
and improved quality. An SMS module for student
information about important news was also developed. Similar SMS systems are also presented
in Stone & Briggs (2002), Blagojevic & Kalinic
(2008) and Keegan (2007).
Trifonova (2006) developed Mobile ELDIT, a
system for the learning of German and Italian languages using mobile devices, which enabled offline learning and periodical updating of learning
materials from the system server.
Apart from higher education, m-learning has
an excellent potential for education and training
of the already employed. Western Canadian University College realized a project of integration
of mobile learning into the Bachelor of Science
Nursing curriculum (Kenny, Van Neste-Kenny,
Burton & Meiers 2009). Fourth year nursing students used HP iPAQ PDAs for a two week period
around campus and the local community. The devices provided both Wi-Fi and GPRS wireless capability and were loaded with selected software,
including MS Office Mobile, nursing decisionmaking and drug reference programs.
According to the previously mentioned and
many other initiatives, projects and implementations in practice, the following forms and systems
of m-learning could be listed:
–– SMS (Short Message Service) was one of
the first services available on mobile phones,
which enables a customer to send short
text messages. This service is nowadays
very popular, especially among the young
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population. Today in education it is mainly
used for notification, administrative services
and language learning.
Interactive Voice Response (IVR) (Keegan
2007), is a system in which a learner calls
a certain number and after the connection
is established, just follows the pre-recorded
instructions, i.e. answers the questions
guiding him to the needed information by
pressing the right button on the phone (e.g.
“if you want ... press 1”) i.e. using DTMF
tones. The system usually gives the answers
to basic administrative and frequently asked
questions (FAQ’s), or could act as technical
support.
Native applications. Because there is no
standard platform for mobile devices, native
applications should be developed for each
platform, even for each device. The usage
of Java and Virtual Machine (Keegan 2007)
could help this problem, but the mobile
device must support Java and have installed
Virtual Machine for it. The advantage of this
approach is that it could be used off-line and
it can fully exploit mobile device resources.
Web applications. Web-based systems are
becoming more and more popular, because
nowadays almost all mobile phones come
with a built-in web browser and the prices for
wireless data transfer are more affordable.
They are easy to update, but need network
coverage for on-line access.
Podcast. Access to multimedia learning
materials, via web and podcast software, on
mobile devices. Students could download
lectures in audio or video format, after they
have got notification that a new lesson has
been published. The main example is iTunes
U, Apple’s system for the distribution
of the learning materials of many world
universities.

There are a number of requests for mobile
devices, software support and even for students,
which need to be fulfilled in order to provide a
successful m-learning environment. The request
for mobile devices could be stated as (Keegan
2005): A small compact device; Screen of acceptable size and readability; Large battery capacity;
1348

Large storage capacity; Non-volatile memory for
backup; Always online connectivity; Phone ability; Full access to internet services; Bluetooth for
connection with other devices; Full Wi-Fi connectivity; Built-in video cannon for displaying presentations etc.; Camera for documentation in the
field; Scanner built in; Full size keyboard available; Messaging client for peer-to-peer communication; Read Adobe Acrobat documents; Read/
write common office formats; Support multimedia
content as well as flash, java and java script etc.;
Synchronize and check e-mail with common mail
clients; Text-to-voice screen reader and Dictaphone and Location detection ability (e.g. GPS).
On the other hand the software platform that
distributes learning content should provide: Management of changes and distribution of new versions; Security of client-side application; Easy
installation and maintenance of client software;
Easy access to learning material; Easy understanding and usage; Incorporation of traditional
didactic materials and Device identification and
content adaptation.
Finally learners should adopt new learning
styles which could be difficult for some adult
learners who may have some limitations and these
should be considered in the design of the online
environment.
Development of M-learning Application
Technology Selection
A mobile learning ecosystem is very complex
and it is very difficult to develop mobile learning application that would cover the majority of
mobile devices. Currently on the market there are
more than 3,000 mobile device models, with almost 30 different browsers (actually, more than
300 different browsers if we separate them by
version number) (Firtman 2010). The two main
concepts for the design of mobile applications are
native applications and mobile web.
Native or platform applications are built specifically for mobile devices that run the platform
in question. Sometimes, the application is even
device-dependent, i.e. an application developed
for e.g. Nokia phone S60 series will not work on
Volume 6 / Number 4 / 2011
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a Nokia S40 series phone. The most common developing platform is Java ME (formerly J2ME),
and, theoretically, application written as a Java
ME MIDlet should work on the vast majority of
contemporary mobile phones. In reality, even such
application still requires some adaptation and testing for each device it is deployed on (Fling 2009).
In addition to Java, applications for smart phones
are programmed in C, C++ and Objective-C. Each
application should be downloaded and installed
on the mobile device.
The main characteristics of native applications
are (Fling 2009):
–– Full access to mobile device resources, like
camera, file system, etc.
–– Superior in terms of performance and user
experience,
–– On-line and off-line operation,
–– Device-specific version, i.e. works only on
targeted mobile (smart) phone,
–– They cannot be easily ported to other mobile
platforms, and
–– Developing, testing and supporting multiple
device platforms is expensive.
On the other hand, the mobile web includes
mobile web sites and applications. A mobile website is a website designed specifically for mobile
devices (which is different for viewing a web site
made for desktop browsers on a mobile browser).
The mobile web has been gradually increasing
in usage over the years in most major world markets (Fling 2009). Almost all contemporary mobile phones come with a built-in web browser, the
price of data transfer via mobile networks (2,5G
or 3G) is dropping and the number of Wi-Fi spots
is increasing every day, so it is to be expected that
the mobile web will soon become one of the main
information distribution channels.
Main characteristics of mobile web sites and
applications are (Fling 2009):
–– They are easy to create, maintain, update and
publish, basic HTML, CSS, and JavaScript
knowledge needed
–– Platform independent development, so can
reach a wider range of audience
–– Fast development and lower maintenance
–– It requires on-line access
–– High end (rich) applications can be
Volume 6 / Number 4 / 2011

developed if HTML5/CSS3 technology is
used for development, which also enables
the use of audio, video and animation within
the application
–– Performance could be lower as compared
with native applications and will be
dependent on the web access speed
–– They rarely support native application
features, like offline mode, file system
access, camera, location detection, etc.
Based on the enumerated advantages of the
mobile web over native applications, especially
wider range of audience, and taking in mind that
many smart phones come with Wi-Fi support and
“always on-line” access, we have decided to develop a web-based system for mobile learning.
M-learning Application Design
Based on the requirements of an M-learning application development, the design of specific modules and parts of the application must be considered.
Also, in order to give optimal content presentation
to all users, device identification and content adaptation are necessary. In the first place it is necessary to develop the architecture of the application.
The solution is developed as a multilayer application (figure 1), where the mobile device client is on
top, identification, adaptation and application logic
in the middle layer and the database on the bottom.
Second, it is important to develop and implement a database that will store all information
about courses (lessons, learning material, tests,
etc.) as well as information about users (users’
authentication, students/teachers/ administrators,
logs, etc.). Finally, it is very important to implement a middle layer which will be in charge of the
device identification and content adaptation of the
learning material.
Server-side development has an especially
important part to play here, because the server is
the only place where we can easily make decisions about what content to send to which devices.
Based on detected device capabilities, and using
some contemporary server-side web technology,
the optimized content is dynamically generated
and sent, presenting only supported media types
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and supported file formats of the media type and
adapting them for the best view. Thus, the unnecessary download of unsupported media types or
file formats is avoided, saving time and money for
the user.

Figure 1. Architecture of the m-learning application
Device identification
With a number of different mobile devices
on the market, with different characteristics (e.g.
screen size) it is impossible to make one web site
or application that will suit all devices well. In
order to optimize the content presentation on different mobile devices, it is necessary to adapt the
content in accordance with the capabilities of the
device (Fling 2009).
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So, the process of adaptation is divided into two
steps: device detection/ identification and content
adaptation/ dynamic content generation. Both
steps are done on the web server side. In comparison with the server, a mobile device has limited
computing power. Therefore, only the presentation tier is typically performed on the client side.
When a mobile device i.e. its browser, tries to
open a web page, it sends an HTTP request, usually requesting a document or a file from the server.
That request has a header and an optional body.
Important part of HTTP request is User-Agent,
which identifies the browser. Some examples of
User-Agent are given below (Firtman 2010):
–– Nokia3510i/1.0 (05.30) Profile/MIDP-1.0
Configuration/CLDC-1.0
–– BlackBerry8100/4.2.0
Profile/MIDP-2.0
Configuration/CLDC-1.1 VendorID/125
–– Mozilla/5.0 (iPhone; U; CPU like Mac
OS X; en) AppleWebKit/420+ (KHTML,
like Gecko) Version/3.0 Mobile/1A538a
Safari/419.3
From the User-Agent it is sometimes possible
to read the information about accessing mobile
device, but the problem is that it doesn’t have a
standard structure.
Another way to detect the device is to use a
User Agent Profile. The UAProf (User Agent profile) is a voluntary standard defined by the Open
Mobile Alliance (formerly WAP Forum). It takes
the form of an XML file defining the abilities of
the device, including its screen size, download
features, and markup support (Firtman 2010). The
XML is defined by the manufacturer or the carrier,
and a link to the XML is defined in a header (typically x-wap-profile), like this:
x-wap-profile: http://nds1.nds.nokia.com/ uaprof/N5300r100.xml
From this file it is possible to read the characteristics of the device. But, UAProf files have
many problems (Firtman 2010): First, we need to
download the XML for each request and process
it. Second, the community has found lots of bugs
and problems in this official information. Some
devices, for example iPhone, do not define a UAProf file, or they don’t define the same properties.
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Also, a UAProf does not have the right granularity of information; for example, you can read that
Flash is supported, but no information is there
about which version.
So, it is obvious that just looking at the HTTP
headers and the UAProf will not always give us
enough useful information about the mobile devices that are accessing our website. To resolve this
problem, device libraries are used. Device libraries
are offline databases (or online web services) that
take a user-agent string (or all of the request headers), identify mobile device and return a number of
properties about the detected device, from screen
size and Java ME compatibility, to Ajax support
and video codec compatibility (Firtman 2010).
One of the most known device libraries is
Wireless Universal Resource File, better known
as WURFL. It is a community-based, open source
device capabilities repository and the largest and
one of the most active open source projects in the
mobile world (Firtman 2010). WURFL is an XML
configuration file which contains information
about capabilities and features of many mobile
devices (Fling 2009). WURFL groups the devices
into a hierarchical tree of devices and attributes.
Some devices are equivalent to others from the
same series, possibly with some new features, so
there is a fallback mechanism allowing a device to
extend the features of another one (Firtman 2010).

M-Learning Application Implementation
The solution was developed using XHTML
Mobile 1.2 (W3C mobile-specific markup standard) for application front-end i.e. web page. The
web pages were coded in PHP, the most used web
technology and server-side script language today,
and all data were stored in MySQL database. Content is strictly separated from the design, using
CSS (Cascading Style Sheets).
A schema of the complete database that contains lessons and all other information vital for the
m-learning application is presented in figure 2.
The developed m-learning solution has a public and private part. In the public part, general
information and notifications are presented. In
the private part, protected by username and password, a student can read personalized notifications
(schedules, exam results, administrative information, etc.). Also, he is able to access course materials, organized in modules and lessons. Each lesson
consists of learning objects, given as different media: text, image, photo, audio, video, etc. PowerPoint presentations with narration were converted
to video formats supported by mobile devices.
The accessing mobile device is detected using
PHP API and WURFL database (WURFL 2011).
Based on identified characteristics of the device,
server-side dynamic content generation for the op-

Figure 2. Schema of M-learning application database
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timal performance is done. For example, images
are resized, so they could be seen on a full screen,
taking in mind the ratio of the height and width of
screen and original image. For other multimedia objects, only those supported by the accessing device
are presented. In this way, unnecessary download of
unsupported elements (media or format) is avoided.
Solution offers self-assessment at module or lesson
level. The system randomly selects multiple choice
questions from a pool of questions related to the
module/lesson. The order of the offered answers is

also random. At the end of the test, the student gets
the number and percentage of correct answers.
All student activities during connection to the
system (time and duration of log on, lessons read,
test taken, results of the tests, etc.) are monitored
and stored in the database, so it is very easy to
track the progress of each student.
Screens of the developed m-learning application are given in Fig. 3 (simulation was done
on mobile device emulator- http://www.mobilephoneemulator.com/).

a) Device identification

b) GUI for users log in

c) List of available
learning modules

d) List of available
lectures

e) Specific lesson

f) Multimedia content
(images, audio, video)

g) Test attached to
specific lesson

h) One multiple choice
question

Figure 3. The M-learning application – GUIs of specific parts of application
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RIM BlackBerry 8900
Curve (480x360px)

HTC Touch Diamond
(480x640px)

Figure 4. Image resize for optimal view

The first step is device identification in order to
adapt the learning. The second step is personalization of user content. The resize of the same original
image (size 504x600px), for four different mobile
phones is shown on Fig. 4. Students need to log on
to the system (Fig. 3b) in order to get a specific list
of courses and modules for their study level and
personalized notifications. Students select specific
modules and lessons to learn (Fig. 3c, d and e). Each
lesson contains different content and media (text, images, audio and video material – Fig. 3e i f). Finally,
students have self assessment tests in the form of a
set of multiple choice questions (Fig. 3g and h). The
presented m-learning application has been tested at
University of Kragujevac, Faculty of Engineering,
in order to support different forms of learning.
Conclusions
We are facing changes, and this trend will increase the existence of different “blends” in learning and education. Mobile learning should be used
as part of a wider, blended learning strategy, in
combination with other forms of learning (e.g. elearning, face-to-face, etc.).
M-learning is a powerful method for engaging
learners on their own terms, especially for those
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who could be classified as nontraditional learners
or for those groups of students who cannot participate in classroom learning for whatever reason.
The expectations are that life-long learning will be
one of the mayor target groups for m-learning in
the future.
It is clear that m-learning could contribute to a
better learning and it has a number of advantages.
This paper analyzed the advantages, disadvantages and different forms of m-learning and states
requirements for m-learning devices, software architectures (on the server side) as well as the shift
that should be made in order that new learners
adopt new learning styles.
On the technical side, the major issues for the
development of m-learning applications could be
stated in a large variety (size, types, software) of
m-learning devices so identification of the mobile
device as well as adaptation of the learning content for a specific device is the first and very important question.
In this paper we presented the architecture and
implementation of the m-learning system at the
University of Kragujevac, Serbia. The system is
used as an additional means in the concept of a
blended learning environment (mixing m-learning
with classical learning and other forms of e-learning such as learning management systems, web
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based laboratories etc.). The specific application
is based on open source software and has an open
and flexible structure.
The system has only recently been implemented in learning practice at the University but initial
results are positive.
Students’ questionnaire – Effects of the implementation of m-learning (Mark 1- 5; 5 the highest
grade) showed students evaluation of the following
questions: System provides better training (mark 5);
Multimedia character of course (4); System makes
learning easier (3); Enables anytime, anywhere
learning (5); Decreases time of preparation for test
(3); Improves organization of course (4); Stimulation for students (4); and Gives better information
about course (4). In the next period m-learning will
cover larger number of courses and students’ evaluation will be more reliable (the presented results are
students’ evaluation of a single course, total number
of students participating was 63).
The next step in our research will be the content adaptation to learners’ experience and preferences. The system should be able to recommend
personalized contents by exploiting the user’s
needs, learning history and other contextual data
during learning, such as learning time, style, learning activity, location, educational strategy etc.
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