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Analysis of the most critical index of activities
in construction project based on completion
risk rate
Zhuofu Wang, Yuan Liu, Jiyong Ding
Institute of engineering management, Hohai University, Nanjing, China

Abstract
More attention has been paid to PERT network
as it can perfectly describe the schedule of construction project. However, there are still more researches need to be done to calculate the influences of the
activities in PERT networks on whether the project
can complete on time as well as the estimation of
the most critical activity. The method of calculating
the most critical indexes of activities in expected
critical path is put forward on the basis of project’s
completion risk rate, activities’ most critical indexes and the most critical activities in PERT network;
further, according to the Total Probability Formula,
the calculation method of the most critical indexes
of activities in non-critical path is addressed. The
case study shows that, under current calculation circumstances, it is efficient and feasible to estimate
the most critical activities in PERT network by using the calculation method mentioned above when
the activities have already been sorted by their most
critical indexes.
Key words: construction project management,
most critical indexes of activity, Monte Carlo
method, the most critical activity
1 Introduction
Compared to other projects, there exist much
more uncertainties in construction projects due
to the influences of complicated factors, such as
the weather, geology and so on. The Critical Path
Method (CPM), under the assumption that the relationship between activities and their own durations
are both stable and certain, was once popular and
is quite easy; however, CPM was insufficient when
it comes to reality. The Project Evaluation Review
Technique (PERT) which was suggested in [1], has
been paid a lot of attentions by many scholars and
experts. The PERT is much more suitable for ana1440

lyzing the schedule of construction project since it
takes the duration of the activities as stochastic. Unlike CPM, PERT models assume that the activity
durations are independent random variables and the
relationships between the activities are definite.
The assumption conditions of classic PERT
models are quite difficult to achieve. The time
indexes of projects are estimated with the activities’ expected durations and variances, and the
completion risk rate is analyzed according to the
duration and variance of expected critical path. It
is difficult for most construction projects to meet
the assumption of the PERT model, which has
been well known by many scholars and experts.
Monte Carlo Method (MC) is introduced to analyze PERT networks in [2]; Article [3] defined the
notion of Path Criticality Index(PCI) and Activity
Criticality Index(ACI) without giving the calculation method; The calculation programs of PCI and
ACI are proposed in [4] on the basis of the description in [3] with MC method. With the development of computer technology and the advanced
computing speed, MC method has become more
and more popular to analyze PERT network.
In the last decade, relevant researches, especially the sensitivity of PERT network activities
(the analysis of the influence on the completion
time of the project generated by the activities’ indeterminacy) has captured more and more attention. Article [5-7] have reported the sensitivity of
the PERT network from different perspectives.
Article [8] investigated on the sensitivity problem of activities on non-critical paths. As a matter
of fact, the sensitivity problem of critical activities on critical path, which showed difference, is
more important for construction managers. Article
[9] only studied the impact on the sensitivity of
project duration emerged when activities’ duration
change based on the CPM network platform.
Volume 7 / Number 4 / 2012
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Previous studies did play important roles in promoting technological development of the PERT network. But in real practice, managers attempt to find
the most critical activities and further to use them as
the control focus of project schedule through analysis of critical path and critical activities of PERT
network; in addition, according to the extend of influence on the project duration time caused by each
activity, the most critical index of activity was sorted so that project managers can adjust the allocation
of resources and control the schedule.
On the basis of current research achievements,
the most critical activity and the most critical index of activity are defined below; also, the calculation methods are put forward.
2 The definition of the most critical activity
and the most critical index of activity in
construction project
2.1 The definition of the most critical index
of activity
For deterministic network, the path which has
the longest duration counted from the start node
to the end node is defined as the critical path, and
the activities on critical path are considered as the
critical activities. MC simulation method is used
in some studies to study the PERT network. After simulating for N times, the number of the activity i-j being on the critical path is recorded as
Mij, and the critical activity index of i-j, namely
M ij
ACIij = N . Then, the activities with larger critical

network, assuming the duration of activity i-j has
uncertainty, and its density function is fij ( t ) , while
other activities’ durations are deterministic, the
most critical index of activity i-j is defined as the
probability that projects can’t complete on time under the influence of the uncertainty of i-j, also called
the project completion risk rate, with an expression
for Sij :
Sij = 1 − ∫

Tp

−∞

f ij ( t ) dt ........................... (1)

Where Sij is the most critical index of activity
i-j; Tp is the planned completion time of project;
f ij ( t ) is

tion.

the density function of activity i-j’s dura-

2.2 The definition of critical activity
In the PERT network, the activity, which has
the biggest impact on project’s completion time,
is defined as the most critical activity, here is an
expression for it:
S ** = max {Sij } ............................... (2)

Where S ** is the most critical index of the most
critical activity.
3 The analysis of the calculation method
of the most critical index and the most
critical activity

indexes(local critical activities) are linked from
the start node to the end node to get the expected
3.1 The calculation method of the most criticritical path, called critical path, and the activities
cal index of activities
on it are called the critical activities.
3.1.1 The calculation method of the most critiFor the PERT network, it is well known that
cal index of activities on critical path
critical activities on the critical path have more
impacts on the project duration time compared
Assuming that the duration of each activity on
with the non-critical activities.
critical path is normally distributed, and activity’s
However, due to the existing uncertain districorresponding density function is:
bution and/or differences of activities parameters
of the critical activities on critical path, there are
(t − m )
−
1
differences of influences on the project schedule, =
f (t )
e 2s ( - ∞ < t < ∞ )
2ps
which means their critical indexes are not necessary at the same level.
To change formula (1),we can get:
Based on the assumption that the activities’ duration time are independent of the classic PERT
2
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(t − m )

−
Tp
Tp
1
2
1 − ∫ f c ( t ) dt =
1− ∫
Sij* =
e 2s dt ........... (3)
−∞
−∞
2ps

In equation(3), Sij* is the most critical index of
activity i-j on critical path; f c ( t ) and μ represent
the density function and the expected duration of
critical path respectively
.
While t =x + Tc − tij , and Tc = m ，then the equation changes as below：
S = 1− ∫
*
ij

−∞

=1 − ∫

1

Tp

2ps ij

=1 − ∫

Tp −Tc + tij

1
2ps ij

−∞

−∞

2s ij2

2ps ij

−∞

=1 − ∫

(t − m )

1

Tp −Tc + tij

Tp −Tc + tij

e

−

e

e

−

( x +Tc −tij − m )
2s ij

(

d x + Tc − tij

)

(t −tij )
2s ij2

d (t )

f ij ( t ) d ( t )

In conclusion

3.1.3 The calculation method of the most
critical index of activities on non-critical
paths
Equation (4) is the calculation formula of the
most critical index of activities on critical path.
When N is big enough, it is accurate to consider
the value of Nij as the probability of activity on
non-critical paths becoming critical. Therefore, according to Total Probability Formula, the calculation formula of the most critical index of activity
i-j on non-critical path is put forward as below. And
it’s also accurate to calculate when N is big enough.
Sij =

M ij
N

⋅ Sij* =

T p −Tc + tij
M ij 
1− ∫
f ij ( t ) d ( t )  ........... (5)
−∞
N 


Where tij means the expected duration of activ-

Sij* = 1 − ∫

T p −Tc + tij

−∞

f ij ( t ) d ( t ) ...................... (4)

In equation (4),Tc is the expected duration of
critical path, also called the expected duration of
the project, which can be got through MC simulation. Other symbols are the same as what mentioned above.
In fact, even if the durations of the critical path
and their activities are not normally distributed, the
conclusion is also correct. From the definition of
the most critical index of activity i-j, other activities’ durations are deterministic except for activity
i-j. Therefore, the duration of critical path and the
duration of activity i-j cause the same influence on
project’s planned duration time, and the influence
is the project completion risk.
3.1.2 The probability that activity on noncritical path becomes critical
According to article [3], after simulating for
N times based on MC method, the number of the
activity i-j being on the critical path is recorded
M

as Mij, and the value of Nij is defined as the criti1442

M

enough, Nij can be seen as the critical index of activity i-j.

M

dt
−

cal index of activity i-j. Obviously, when N is big

ity i-j.
3.2 The analysis of the most critical activity in
construction project schedule
From equation (2) and (5), the discriminate
equation of the most critical activity in construction schedule is produced:
T p −Tc + tij
M

S ** = max  ij 1 − ∫
f ij ( t ) d ( t )  


−∞
N



 ............. (6)

Where S ** represents the most critical index of
the most critical activity.
4 Case study
The PERT network of a hydroelectric station
is shown in figure 1. The estimated duration of
each activity in figure 1 is listed in table 1, and the
planned project’s completion time is 90 days. The
object of this study is to analyze the most critical index of each activity and to find out the most
critical activity.
Volume 7 / Number 4 / 2012
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in management. Managers of construction
schedule can take different measures
based on their ranks to ensure an efficient
management.
5 Conclusions
Figure 1. The PERT network of a hydroelectric
station
4.1 Analysis of the critical path
According to the classic PERT Three-time Estimates method, the expected duration tij and the
standard deviation s ij of activities are calculated
and listed in table 1. After simulating for 10000
times with MC method, the critical index of each
activity is obtained and local critical activity of
each node is determined, which is attached with
“*” and listed in table 2. The node, which has only
one activity before it, is naturally the local critical activity. If the critical indexes of the activities
before a node are all 0, then it means they can’t
be critical. In this case study, the critical activity
before the end node is 26-27, search against the
direction of the arrow, the critical activity which
points to the former node is 25-26; analogies in
turn, the rest critical activities of this network are
found as the ones attached with ”*” in table 2.
Finally, link each critical activity, and the critical
line is obtained as: 1-2-3-4-5-6-7-8-9-10-11-1214-15-18-22-23-25-26-27.
4.2 Analysis of the most critical activity and
the calculation of the most critical index
(1) According to equation (4), calculate each
activity’s Sij* , the results are shown in table 2.
(2) According to equation (5), calculate each
activity’s Sij , the results are shown in table 2.
(3) According to equation (6), compare the
Sij in

table 2, the most critical indexes
of activity 2-3 and activity 6-7 are both
0.0281 as the biggest among all. Thus,
both activity 2-3 and activity 6-7 are the
most critical activity.
(4) Sort the activities by Sij and the first 7
activities are listed in table3. The former
the activity ranks, the more important it is
Volume 7 / Number 4 / 2012

PERT network have been already applied to
perfectly describe the schedule of construction
project in [1,2]. But in construction schedule management, in order to guide the construction related
resources’ disposition and the adjustment of the
construction schedule, people show more concern
in the influence of planned project’s completion
time caused by the uncertainty of construction activities, the analysis of the most critical activity,
and the most critical index. Unfortunately, recent
researches are not able to solve those problems.
Based on the literature review and the widely
used concepts of critical index and critical activity,
in this study, the most critical index and most critical activity of the PERT network was firstly defined according the extent of influence on planned
project completion time caused by the uncertainty
of each activity; then, the calculating method of
activity’s most critical index on the critical path,
and probability of non-critical activity becoming
critical are presented, then according to the Total
Probability Formula, the formula of calculating
the most critical index of non-critical activity and
the discriminate equation of the most critical activity are produced. The most critical activity has
the most impact on project’s duration time in the
PERT network, therefore, construction managers
take it as the primary control target; the bigger the
most critical index, the bigger impact it put on the
project’s duration time, and vice versa, construction managers can take proper measures to control
the construction schedule according to this index.
As for the case study, the result was quite satisfactory by using the MC method and the formulas
produced in this study, then programmed and ran
on laptop. With the development of the technology of the hardware, it is feasible to use the method
produced in this study to calculate the most critical index and the most critical activity of PERT
network of both medium-sized and large-sized
projects.
1443
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Table 1. The estimated duration, tij and σij of each activity in the PERT network
Activity
Predecessor
i-j
1-2
2-3
1-2
3-4
2-3
4-5
3-4
5-6
4-5
6-7
5-6
7-8
6-7
8-9
7-8
8-11
7-8
8-13
7-8
9-10
8-9
10-11
9-10
11-12
10-11; 8-11
12-14
11-12
13-14
8-13
14-15
12-14; 13-14
15-16
14-15
15-17
14-15
15-18
14-15
16-19
15-16
17-21
15-17
18-22
15-18
18-23
15-18
19-20
16-19
20-25
19-20
21-24
17-21
22-23
18-22
18-23; 22-23
23-25
24-26
21-24
25-26
23-25
26-27 20-25; 23-25; 24-25

Table 2. The M ij ,
Activity
(i - j)
1-2*
2-3*
3-4*
4-5*
5-6*
6-7*
7-8*
8-9*
8-11
8-13
9-10*
10-11*
11-12*
12-14*
13-14
14-15*

N

Sij*

M ij
N

1
1
1
1
1
1
1
0.5295
0
0.4705
0.5295
0.5295
0.5295
0.5295
0.4705
1

and

Sij

Optimistic Time
Estimate (a) day
0.7
16
2.5
2.5
2.5
6
0.8
1.5
7.0
4.0
4.0
0.7
8.0
2.5
14.0
2.0
6.0
8.0
1.5
3.0
3.0
4.0
13.0
0.7
6.0
0.7
8.0
2.0
6.0
3.5
0.5

Most Likely Time
Estimate (m) day
1
18
3
3
3
8
1
2
8
5
5
1
10
3
16
3
6.0
9
2
4
4
5
15
1
7
1
10
3
7
5
1

Pessimistic Time
Estimate (b) day
1.3
20
3.5
3.5
3.5
10
1.2
2.5
9.0
6.0
6.0
1.3
12.0
3.5
18.0
4.0
6.0
10.0
2.5
5.0
5
6.0
17.0
1.3
8.0
1.3
12.0
4.0
8.0
6.5
1.5

tij

σij

1
18
3
3
3
8
1
2
7
5
5
1
10
3
16
3
6.0
9
2
4
4
5
15
1
7
1
10
3
7
5
1

0.0100
0.4444
0.0278
0.0278
0.0278
0.4444
0.0044
0.0278
0.0278
0.1111
0.1111
0.0100
0.4444
0.0278
0.4444
0. 1111
0.0000
0.1111
0.0278
0.1111
0.1111
0.1111
0.4444
0.0100
0.1111
0.0100
0.4444
0.1111
0.1111
0.2500
0.0278

of each activity
Sij*

Sij

0
0.0281
0
0
0
0.0281
0
0
0
0
0
0
0.0281
0
0.0281
0

0
0.0281
0
0
0
0.0281
0
0
0
0
0
0
0.0149
0
0.0132
0

Activity
(i - j)
15-16
15-17
15-18*
16-19
17-21
18-22*
18-23
19-20
20-25
21-24
22-23*
23-25*
24-26
25-26*
26-27*

M ij
N

0.0018
0
0.9982
0.0018
0
0.5187
0.4795
0.0018
0.0018
0
0.5187
0.9982
0
1
1

Sij*

Sij

0
0
0
0
0
0
0.0281
0
0
0
0.0281
0
0
0.0003
0

0
0
0
0
0
0
0.0135
0
0
0
0.0146
0
0
0.0003
0

Note: activity with its Sij* of 0 means Sij* is quite small .
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Table 3. Activities order according the value of Sij
Number
Activity,i-j
Sij

1
2-3
0.0281

2
6-7
0.0281

3
11-12
0.0149

4
22-23
0.0146

5
18-23
0.0135

6
13-14
0.0132

7
25-26
0.003
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Abstract
The city square has traditionally been the focal
point of city life and a defining factor in creation of
the city’s identity. Certain squares kept its appeal
through time while others are still tourist attractions although there is no real city life in them or
there are no activities that attract people on daily
bases. Even recently built squares, with original
and creative design, are often lacking people and
not fulfilling its role of a gathering place. In this
paper authors canvass causal and consequential
relations between social sustainability, functional
and design potential of city squares in order to single out indicators of social sustainability and excerpt the most important aspects for functional and
design potential that result in social sustainability.
Research is done through theoretic argumentation
and case studies of three recently designed city
squares by using the method of analysis and comparative analysis as well as the descriptive method.
It is concluded that a good design is not enough for
a square to keep being in use continuously through
generations. Adaptability and variety of use have
proven to be important factors in social sustainability of a square. Well-balanced ratio of square
design and functional potential is the key factor
for social sustainability accomplishment.
Key words: city square, design potential, functional potential, social sustainability
1. Introduction
For most people the first association with a public open space is the city square, which has its roots
long way back in history since this urban form has
always been a place of trade, debate and random
encounters. The city square may be used as a transit point, as it is usually well connected with other
parts of the city by public transport and traffic sys1446

tem, or a stopping point, where people spend time
and socialize. The most important aspect of a public
space is to be highly frequented by various types of
users (as W. H. Whyte said “What attracts people
most, it would appear, is other people”), and for
that reason it is crucial for the public space to have
different activities to offer for different user groups
(age, gender, social, intellectual etc.). People are attracted to places where they can do something that
interests them, on their own or in company of other
people, but often it is enough just to be in the vicinity of other people in order not to feel desolate.
Isolation and depression became common with information age progress; hence, if there are plenty
of opportunities for visitors to take advantage of,
socialize or simply watch other people, the public
space should be full of life and therefore successful. However, there are some empty (“It is difficult
to design a space that will not attract people. What
is remarkable is how often this has been accomplished.” W. H. Whyte) public spaces (and city
squares among them) - there are no people in them
in spite of their attractive design, vicinity of the city
center and good traffic connections. Something is
missing, besides visitors. In this paper, authors will
try to recognize the connection between design and
functional potential of the city squares and the way
people use them in order to discover what makes a
good public place to be used through generations
and what makes the city square socially sustainable.
There is a number of theories on what makes a
successful public space. Charkhchian and Daneshpour created a model of a responsive public space
based on their research of four existing models of
public space. [3, 5, 13, 23] This model presents four
dimensions of a public place: dimension of activity,
physical dimension, social dimension and dimension of meaning. Carr et al. identify five primary
needs that people seek to satisfy in a public space:
‘comfort’, ‘relaxation’, ‘passive engagement with
Volume 7 / Number 4 / 2012
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the environment’, ‘active engagement with the environment’, and ‘discovery’, which are five characteristics of a functional place. PPS singles out „Power
of 10“ concept – since any great place itself needs
to offer at least 10 things to do or 10 reasons to be
there.These could include a place to sit, playgrounds
to enjoy, art to touch, music to hear, food to eat, history to experience and people to meet. Ideally, some
of these activities are unique to that particular spot
and interesting enough to keep people coming back.
When Carmona and ass. talk about dimensions of
urban design they recognize six of them- morphological, perceptible, social, visual, functional, and
temporal. Intentionally or not, many of contemporary city squares have at least one of these characteristics as dominant and a number of others present
that have been implemented in their design and the
way they function. Moreover, each of these characteristics can be recognized as a factor that belongs to
the functional or visual aspect. Authors of this paper,
taking into consideration all of the above-mentioned
theories of a good public space, came up with a
model that supports the relation of design and functional aspect to social sustainability.
This research canvasses relation between design and functional potentials of the city square
and its social sustainability. This is accomplished
through theoretic argumentation and case studies
of three recently designed city squares (for which
we contacted and surveyed representatives of architectural studios that worked on designing these
squares) with the aim to establish existing correlations along with causal and consequential links.
The descriptive method, method of analysis and
the comparative analysis were used in this paper.
2. Squares as public space –social dimension of development as a consequence of
functional and design potentials
There are three points in defining open space.
For designers public space has long been conceived
as “open space”, having in mind publicly owned
outdoor spaces such as plazas, parks, courtyards
and all spaces in between buildings insisting on the
factor of public health in terms of recreation and
respiration. For political scientists public space is
an immaterial space of debate - it is thus a model
for political discussion or at least a space of conVolume 7 / Number 4 / 2012

viviality. For sociologists public space is a place
accessible to anybody and it reflects a notion of
basic equality, social freedom of circulation and
anonymity. Generally, open space provides settings
for public activities of all kinds. [20] Each of these
points in defining open space is based on consideration of city squares primarily.
2.1. Social sustainability indicators
A socially sustainable city square is the one that
has been well in use for many generations or, if it
is a new square, has certain characteristics which
make it responsive to wide variety of users in the
present with the expectation to attract future generations as well. The city square is primarily a gathering place where people meet other people and
socialize being engaged actively or passively in
activities that the place has to offer. As city squares
are public good, their surface should be available
to everyone, citizens or incomers and people of all
demographic backgrounds (a section of the population sharing common characteristics, such as age,
sex, class, etc.). For users of different age, sex,
class, etc., it is important to feel safe when they
are in the city square; therefore, a certain level of
security has to be established. The ones managing
the square should be concerned with visitors’ well
being. Visitors have to be aware of the place. The
place should be distinctive and have an exclusive
quality or feature which makes it recognizable and
memorable. Square’s boundaries should be easily
perceivable, whether it is surrounded by buildings
or it provides a vista. Users should walk across the
square or spend some time in it. It is important that
the square is easily accessible on foot or by public
transport. Parking space should also be provided
nearby (with reasonable amount of parking places
and wheelchair friendly) but not too close to disrupt
pedestrian movement towards the square. For users
who stay in the square, sitting is one of the most important components; therefore, plenty of opportunities for rest should be given throughout. Solution
that is more viable is to have areas that are intended
for some other purpose but can be used for sitting as
well, such as wide stairs in front of building entrances or flower/tree pots with wide sides. Mobile furniture offers freedom for users to arrange it the way
they feel comfortable. Sustainability of the square
1447
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area can be achieved through economical use of
materials, rational appliance of utility features such
as lighting, furniture and paving, accompanied with
overall creative design. Paving can contain part of
square lighting in it (by using spotlights to mark
the paths) or serve as a drainage system in some
parts to collect the area atmospheric wastewater to
be reused for irrigation. A socially sustainable city
square should be responsive to great diversity of
user’s needs. If a square design is attractive but it
does not support users’ need for spending quality
time, attractiveness alone will not keep them frequently visiting. Complexity of activities and interactions makes a place popular. A square should
be positioned in a way that it is naturally ventilated
by air-stream from prevailing winds. Surrounding
streets are important for active flow of people and
traffic, as well as for pleasant wind flow, which is
especially valuable during hot summer days. When
the square is edged with heavy traffic streets, green
barriers should be implemented since tree alleys
as a tampon improve the air quality in the square.
Using greenery and water features in the right way
may benefit to the square’s microclimate.
2.2. Aspects of functional and design potential
Functional aspect of square life. Accessibility
in the wider concept manifests itself as a possibility of easy access to the city square from nearby
places or other parts of the city. The city square
should be visible or anticipated when approaching while pedestrian access should be encouraged
through traffic calming. Neighboring streets are
supposed to lead the visitor to the square unnoticeably and introduce him to the square experience
slowly. This can be achieved by reducing the number of available parking spaces on nearby streets
and by prioritizing pedestrian permeability with
implementing more pedestrian crossings, which
affects visitor’s decision whether to come by car
or by public transport. Reduction in number of
available parking spaces near city center in some
Europian cities enabled smooth transition, less
people came by car since they knew there may be
a problem with parking. From 2002 to 2008, 219
parking spaces in Copenhagen were replaced by
cycle tracks at an average rate of about 32 parking
spots per year.
1448

In addition, when the speed limit on neighboring streets is reduced there is less traffic, and the
street life is quieter, which makes pedestrians more
at ease. Switzerland’s 20 mph pedestrian zones
near and on public spaces in central and residential
areas proved to be very effective. The ones in hurry chose other routes and visitors driving by are
being extremely cautious. Public transport stops
that are close to the city square are necessary since
many visitors cannot walk long distances on foot
(elderly, kids, people in wheelchairs etc.). Strategic position of stops, close to the square’s focal
points, enlarges the number of potential visitors
and the ones who decide not to use the car.
A network of quality pedestrian routes, accessible open spaces, sitting and green areas in squares
is vital for improving user’s experience and creating a safer and more welcoming environment.
This network will also include smaller spaces and
streets that will help make connections within and
beyond the existing boundaries. Walking routes
should connect each area with other areas and the
key points of interest. Walking routes and public
spaces should be pleasant to use, allowing social
interaction between people. They should be safe
and inviting, with various activities and continuous interest at ground floor level. Built environment has to be friendly to the presence of people
shopping, visiting, enjoying or spending time in
the square. The problem of anti-social behavior
or crime in public places can be overcome by ensuring that new buildings have active frontage at
footway level. Routes should be clear and legible,
if necessary providing help of signposting and
way marking. Walks should be enjoyed through
high quality pavement surfaces, attractive landscape design and architecture. Opportunities for
rest and shelter should be offered. This should apply to all users, including those whose mobility is
impaired. Road crossing opportunities should be
located in relation to desire lines.
Accessibility in the narrower concept manifests
itself as a possibility of easy access to the square
and liberty of active participation for everyone
who uses the square. Recently, it has been evident
for some public spaces to be used exclusively by
certain companies with restricted access for anyone else. The city square is supposed to be a public
good, used by everybody and anybody, therefore
Volume 7 / Number 4 / 2012
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existing activities and features should be free, promoting equality among visitors using them. However, a considerable number of public spaces is
growing and not every square can be managed by
city or country authorities. In most cases, public
authorities have the biggest part in commissioning and building city squares. However, when it
comes to managing and taking care of security and
hygiene of a place, the private sector is primarily
included. Since they benefit from the square visitors, small businesses surrounding the square are
often responsible for maintenance of small areas
closest to their entrances or sitting areas they hold.
Therefore, large part of a public square is in fact
in private trust. Democratization of public space is
needed in some city squares. Namely, a range of
chargeless activities should be broadened so that
for the vast majority of profitable activities there
should be an adequate costless one.
Presence of various activities in the city square
that sustains interest of diverse population groups
is single most important aspect of a public place.
A simple act of entering a city square puts a person
in a position of “seeing and be seen”. In Mediteranian countries, during last century, there has been
a tradition of Korzo (promenade, corso), pedestrian street in the city center where people walk
in the evening to meet other people and socialise.
Walking, sitting or engaging in an activity is
a way of getting in contact with other- known or
unknown -people. Technical support emergance
in almost all aspects of everyday life, providing
the possibility of working, buying, even socializing from the comfort of one’s home, ironically
made it very difficult for people to find spare
time and actually meet each other. Life may have
been made easier but personal contacts are stuck
between computers and commuting. It is important that public space provides an initial impulse
for people’s interaction, for making conversation
starters and increases the possibility of face-toface communication (computers + commuting ≠
communication). “Other People’s Photographs” is
a project from Bouverie Place square in Folkston,
Great Britain. A series of old photographs taken
at different places is presented on electronic devices across the square. Users can watch them and
comment among temselves. People that are complete strangers can start a conversation this way.
Volume 7 / Number 4 / 2012

The act of interaction with other people can create
stronger sense of community and, on a personal
level, can make individuals affiliate. Passive engagement can be practiced through watching other
people. For example, when sport or music events
are thrown in the square, there are many observers. They are not directly participating but they are
benefitting from being there.
The way a square is used differs in various
times of the day, week and year. It can be half
empty at one time and crowded at another. What
is essential is that it draws people’s attention and
provokes them to use it. As part of brisk urban
structure, most squares are vital all day and night.
However, activity peak time varies. Squares that
are at transit traffic stops usually have entire day
life, while squares in quieter residential parts of
town have few people during the night hours. If
used as a market place, its peak activity time is
most likely during the market hours, yet there
could be some time in a year or season when the
square is especially active, such as festive days or
cultural events.
Design aspect – physical features and visual
impact. In order to make a city square socially sustainable, designers must think in terms of attracting
users via quality activities attainable in the square
and creating ambience with attributes that could
pursue and support these activities. Good design,
with consideration for future activities range, could
provide dynamic space that fulfills users’ needs and
serves as a tool for life’s quality improvement. A
city square has to be designed in accordance with
human perception of space. If a square is too spacious, with extensive amount of free space in the
middle and surrounding buildings in the great
distance, the user will feel isolated and lost in the
vast area. A group of friends in a large open space
will stick together without socialization with others. Even as part of a crowd, on demonstrations or
parade, a person cannot be surrounded with such a
number of friends and acquaintances to feel comfortable and affiliated with others. When in mass
of other people, a person exhibits individualism.
The bigger the field area the smaller and less safe a
person is. On the other hand, a large area can be divided into a number of small, more applicable ones,
separated by function or design each with its own
unique characteristics. This differentiates a square
1449
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from a field. In a smaller space people are more
likely to communicate with strangers since they are
more aware of other people’s presence and vicinity;
moreover, the possibility of crossing paths is much
higher as well.
If streets are indented at the square surface, traffic stops at these spots can be time savers. However, it is better for pedestrian safety and compactness of the place that the traffic is dislocated under
the square’s surface, where parking areas are recommended, while nearby streets should gradually
change into parking spaces and pedestrian areas.
The distance between buildings surrounding
the square should not exceed the range of a naked
eye’s vision. Namely, people standing on one side
of the square should clearly see the facades and
recognize details on the opposite side of it. Suggested ratio in width and length of a square is 1:
2,5 (60x150 m is plan dimensions that Robert F.
Gatje suggests, based on his research of notable
city squares and prominent authors’ texts)albeit
many great squares do not have rectangular plan.
Besides enclosed squares, there are other types of
square form that are functional and admired by
both users and critics, [18] as long as the main
principles of square design are implemented and
consideration for its main aspects is present. Facades of surrounding buildings are an important
factor in whether the square atmosphere is judged
as welcoming or unfriendly. If there are no openings, facades appear to be shut for everyone outside. Since these buildings are part of a public
square, hence most likely public, their facades
should imply that entering them would be extension of the square experience. Facades should be
inviting with dominant doorways. These buildings
are most likely cafés, restaurants, shops, museums,
library or business and administrative buildings.
Design of physical features indicates the atmosphere in the square, whether simple or constructive, moderate or extreme. It dictates people’s
impressions. More importantly, it influences their
senses since users can touch surfaces, walk on the
paving or grass, sit comfortably or not comfortably at all, hear noises it produces, smell mixtures
of numerous scents or be splashed with fountain
water. It is physical features that excite people’s
senses unpretentiously and if their materials and
combination are right, comfortable, safe and in1450

ducting sociability, then it is most likely for a
square to be functional and socially sustainable.
Through paving, the user should be gradually
informed about existing routes and possible ways
of experiencing the space. For example, peripheral
ways through the square should be differentiated
from the dominant way that connects main features
and attractions; distinctive pavement should indicate entrances to surrounding structures or structures that partly belong to the square. For easier
understanding, signage could be used. Pavement
can be designed as a reminiscence of a historical,
geological or traditional detail specific for that region, usually by combining contemporary materials and the latest trends thus creating vivacious visual arrangements. Transformation of the old town
centre into a pedestrian zone and recovery of the
old system of water channels in Benyoles, Spain,
in 2007, commemorates the town’s past in two different time scales. On the one hand, the historic
memory is recuperated by returning dignity to the
presence of the canal network and recognizing it as
the original structuring element of the urban layout. The travertine pavement unifies and ennobles
the urban landscape, coupling public space with
the town’s most representative medieval buildings.
On the other hand, and on the geological scale of
time, the complexity of the tessellated pattern of the
stones bestows on the pavement a natural, almost
telluric look, an effect that is heightened with the
breaks in the pavement to make way for the canals.
Like geological accidents that suddenly appear in
the urbanized continuity, these irruptions of water
in the ground speak of the old swamplands that
were dried out to construct the town. Atmospheric
wastewater can be stored underground, which is
managed through water draining paths in pavement
while the water can be used afterwards for irrigation of the square greenery.
As a city square is primarily used for crosswalking, gathering and activities that involve a lot
of people pacing over its surface, green areas are
often small and discrete. Greenery in squares is
mostly composed of trees, individual or in cluster,
pots of low plants or petite grass areas. An alley that
divides the square from the street is a pleasant visual component atop of being a filter from exhaust
gases and congested street life. The space that outlines greenery and water features is suitable for sitVolume 7 / Number 4 / 2012
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ting- greenery is usually rounded with benches or
stairs that can be used for rest. Both greenery and
water features are spots of spontaneous gathering;
it’s in human’s nature to be rather in the vicinity of
natural features such as water and foliage than of
artificial ones- no matter how great the alternative
is. With implementation of mobile urban furniture,
the square can be used by everyone to accommodate themselves the way that best suits them. Mobile chairs can be moved around the square seeking
for solitary place, gathered for a group of friends
or located near the focal points when performances
are on and moved back to the areas that are more
peaceful afterwards. Chairsharing project in the
historic city centre of Modena, Italy, is a public service that offers people free use of movable chairs
that provide Internet connection. They are equipped
with a wheel and, since they are lightweight, they
can easily be moved to any point in the neighborhood. The metal structure, resilient and completely
recyclable, supports two horizontal surfaces set at
different heights. Mobile plant pots are easy to manipulate and put aside when in need for a vast empty space or an array of smaller spaces. Vadabuse
valjak square in Tallinn, Estonia, formerly used as
an open-air car park in 2009 was transformed into
a space that can be used for various events. The
street furniture that equips it, consisting of wooden
benches and prefabricated concrete plant stands,
is set on wheeled platforms that make it possible
to shape the space in many different ways and for
many different functions according to the needs of
the moment. Free of any fixed objects, the platform
module has great versatility, which means it can be
used, for example, to create a dismountable stage
for different open-air concerts.
A focus is a central point, as of attraction, attention, or activity and it can be present in a square
or absent depending on the design of its physical
features. It can be an actual feature around which
people gather, as a monument or water structure,
or free space in the central part of the square that
is somehow marked or has traditionally been the
first part to fill up in a square, most likely due to
the street arrangement and square transit routes.
Traditionally squares have been gathering place
for hearing latest news- from their beginnings
drummers brought announcements to people in
large open spaces. People most often gather to see
Volume 7 / Number 4 / 2012

or hear something, and brief stopover in the square
does not require a place to sit, but almost every
other activity does, hence sitting is probably the
most important physical feature to acquire. Seats
have to be present but must not be overly done,
especially fixed seats like benches that interrupt
large parts of the square area not leaving enough
space for standing gatherings when needed. Public seats in squares should be located laterally, on
the edges, but grouped in clusters for easier interpersonal contact. Suitable design option is to mix
seats with other physical features that are already
present. When there is a height difference, low
wall and stairs can both be used for sitting. Edges
of plant pots and water structures, if horizontal,
can be used for sitting. An adequate number of
free sitting places is crucial for good attendance.
Sitting places can be found in cafes and restaurants on the square edges. However, this requires
spending money on their articles and not everyone
is ready to spend money every time he or she visits
a square. Usually there is some music or cultural
performance in these facilities, which attracts people to pay for seats along with food and/or drinks.
For example, in order to make a more democratic
square it would be better if there was a clear area
near cafes and restaurants with live performances
so that anyone can come and watch/listen freely
and for free. Mobile public chairs would come in
handy at these times. A solution that is not so democratic would be to have a transit route passing
alongside and cutting of clear area. Worse would
be not to have a clear area at all but a structure
blocking the view/sound, which results in not giving visitors a possibility to participate in an activity for free, thus reducing the number of potential
activities in the square. Even standing on transit
routes during costly attractions is compromised
because it makes visitors uncomfortable, passers
by having to dodge them, and leads to route congestion causing two inconveniences at once.
For a square to be well maintained, safe and
secure, all the stakeholders should be involved
in its management. City management can supervise city squares’ security to some level; however,
most of the management is confided to the private
sector. Not all the squares are equally important
for the city as a whole; historical centers and the
main squares are of the highest interest. That is
1451

technics technologies education management

where most of tourists go and where there is the
largest people flow. Minor squares in residential
zones have high value for a nearby community
though for the city itself they are not a priority.
These places are partially monitored by the city.
For important decisions, like revitalizing or expanding the square area, the city is still responsible, but majority of the government is left to local
community and businesses. Their job is to keep
squares clean and safe but the hardest assignment
for them is probably keeping squares available for
everyone. There is a thin line between a public and
private square when managed by private sector, as
well as between a square free for anyone to use
and an unsafe one- when not keeping high security
standards. Thus good square management is ensuring the thin line is not crossed and safeguarding
the square to be truly public and safe.
Parking space under the square area is the most
efficient way to provide enough parking places for
square users in immediate vicinity of the square’s
focal points, by putting the exits there, while not interrupting the square surface. This reduces time for
parking and arriving at a desired destination. Both
cars and users are monitored by lots of cameras thus
making parking spaces safe for use. Since the city
squares are transit points and well-designed underground parking spaces enable easy vehicle flow,
people can come to the square by car and continue
travelling by some form of public transport.
3. Case studies – general overview
Three squares that we choose for comparison
are of completely different backgrounds. These
squares differ in length of existence, importance for
the city (traditional main square of a small town;
transitional and transportation nod with a business
and commercial center; tourist attraction –office
workers’ open space lounge), size and urban furniture treatment. These squares have different design
concepts, functions and modes of use. Because of
the evident difference, these three squares are suitable for comparison and, in addition, all of them
have strong predispositions for sustainability.
Piazza Vittorio Veneto is an old square, in front
of a medieval castle, in a small town of Galliate,
Italy. It is the town’s main square with a tradition
of market days and festivities held there.
1452

Kamppi is the largest transition point in Helsinki, Finland. It has a long tradition of being a
market place and central bus station but after renovations in 2006, the ground level was designed
for pedestrian use exclusively, with all the traffic
submerged underground.
Stadtlounge is a small square in a business zone
of St. Gallen, Switzerland. There has never been an
open public space on this spot previously, yet creative design and new approach to square experience
made this small space a popular tourist attraction.
In order to analyze in what way qualities of design and functional aspects determine social sustainability, these three squares are chosen because
of the different ways in which their correlations
between design, function and social sustainability
(various ways of social interactions) are manifested. The following text is a short analysis of the
listed aspects for each square individually.
Attractive square design is favorable for alluring tourists. However, in order to make a drawing place for locals to identify with, and accept it
as part of their life, designers need to develop its
potential and enhance the opportunity for various
everyday activities to take place in it. Further, designers should study local habits of space use, and
engage locals to contribute with ideas for space design, to harmonize the form and the actual needs.
Continuity of use is the most noticeable at Pz.
V. Veneto while Stadtlounge is at the greatest risk
of not accomplishing it in the long term. This is
due to the lack of variety in activities, which also
causes low Variety of users and lower Responsiveness. It also has reduced quality as a Gathering place and its Availilability is lower since it is
empty at night. Kamppi has the highest Variety of
users, due to being a transition nod; however, it
consists of several smaller spaces, which effects
Compactness. These two characteristics combined
cause reduced Safety. Sociability is most obvious
at Pz. V. Veneto, because it is the main square of
a small town and each inhabitant uses it. Stadtlounge has undoubtedly the greatest Comfort with
its flexible furniture while Pz. V. Veneto has the
least Comfort with wooden benches placed only
at strategic places. However, Pz. V. Veneto has the
Healthiest Environment with peaceful streets surrounding it, natural ventilation and a calm niche
with waterfall, trees and benches.
Volume 7 / Number 4 / 2012
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Table 1. Relation of design and functional aspects to social sustainability.
Indicators of social sustainability of
city square
Continuity of use through generations
Not every
Gathering place
design and
functional aspect Compactness – Sense of the placeIdentity
of a city square
Sociability
induces social
Availability
sustainability.
Variety of users
However, good
design and
Comfort
encouraging
Safety
functionality
Rational resource use
sublime in
Rational time use
Socially
Rational energy use
Sustainable.
Rational waste water disposal
S.S. – socially sustainable
Responsiveness
S.U. - socially unsustainable
Healthy Environment
Relation to social sustainability
Design aspect – physical features and visual impact
Gathering place, Compactness, Rational
Layout and size
time use
Surrounding structures - architectural framework
Sense of place- Identity
Physical Features
Sense of place, Comfort, Safety
Paving
Rational resource use
Greenery
Gathering place, Healthy Environment
Water features
Gathering place, Healthy Environment
Sitting
Sociability, Availability
Lighting
Rational energy use
Mobile urban furniture
Sociability
Focus
Gathering place, Identity
Maintenance
Healthy Environment, Safety
Underground parking space
Rational time use, Safety
Adaptability
Continuity of use, Rational resource use
Functional aspect
Accessibility
Sociability
Wider context
Rational energy use, Rational time use
Narrower context
Availability, Safety
Variety of users, Sense of the place,
Variety of use
Responsiveness
Active engagement
Sociability
Passive engagement
Gathering place
Temporal aspect
Variety of users, Sense of place, Safety
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Table 2. Diagram of comparative analysis of social sustainability indicators in three squares case studies
Case study 1 - Stadtlounge
In brief
Project Location
Architectural
Studio: Artist:
Design Year
Construction year/s
Surface area
Square typology

Raiffeisenplatz, St. Gallen, Switzerland
Arch. Carlos Martinez and ass. Konstantin Lauber, Roland Schneider
Pipilotti Rist
2005
2004-2005
Square area: 4 600 m2
Square/lounge

Connection to
the city centre,
the vicinity of
landmarks

- 2 bus stops on the square edges,
- railway station two blocks north-west from the square,
- the old city center begins within 100m.

Square Form
(based on [18])

Linked by an external reference point
- red pavement.

Quality of space
Location Assets/
Focal point

Original pavement that spreads to all urban furniture. Attractive and calming.
Red car sculpture is the most photographed part of the square.

Availability and the
quality of greenery

Tall greenery- sporadic individual trees.

Water features

Fountain in the central part of the square.

Lighting

Glowing lamps are suspended overhead, bathing the neighborhood in diverse, subtly
changing lighting moods. By day, they look like floating jellybeans; as the sun sets, they
light up with color and texture variations that bring asteroids to mind.

Sitting

Most of the square sitting places are originally designed benches and chairs for public
sitting. Café in the square uses part of the public furniture but has its own mobile chairs
as well.

Underground
Parking area

Existing. Around 160 parking places.
5:1

Public : private ratio

Visual impact
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Place is visually singled out not only from St. Gallen’s public places but from all public
places made earlier because of the unique treatment of its ground and furniture surface.
Its heady redness makes this square highly homogenous although it is comprised of
several spaces and streets.
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Functional aspect

Accessibilitywider and narrower
concept

The old city center and the city park are in walkable distance-the center is 100 m
northeast and the park starts approximately 300 m further. Underground parking space
is convenient for car users and public transport stops are nearby. Cars entering and
exiting parking space are frequently circulating over red surface streets with speed not
higher than 20km/h. Since this square is in business district and it is surrounded with
highly secured buildings, such as banks, it is a safe place to be during working hours
and afterwards. The square is available to everyone.

Various use/user
types

Stadtlounge is meant to be a place for resting and having lunch in comfortable
environment thus most of its activities are determined as passive ones. However, this is
not a place to go if you want to “see and be seen”. People gather here to talk and spend
time together, young people especially. Furniture’s design makes it comfortable to take
different poses while sitting or lying- sitting is organized in a way that persons talking
do not have to sit in front of each other but in various angles and distances not invading
each other’s space.
Majority of users are people working in neighborhood areas and the peak time of
the square’s activities is at lunchtime. However, it is also used by mothers with kids
and elderly people. Tourists visit it often as well as young people. Its originality and
flexible design are the main attractions. Furniture has rounded edges and it is arranged
differently from spot to spot- some pieces are just for sitting and other are for leisure as
well.

Temporal aspect

Working people are in the square mostly around brunch and lunchtime while tourists
are present during the whole day. The square is in use through all seasons although there
are considerably less users in winter. However, majority of users are there during the
working hours. After 10 pm there are no visitors.

Case study 2 - Kamppi
In brief
Project Location
Architectural Studio

Design Year
Construction year/s
Surface area
Square typology
Connection to
the city centre,
the vicinity of
landmarks
Square Form

Helsinki, Finland
Helin & Co Architects; Davidsson Architects; Juhani Pallasmaa Architects; ARX
Architects
1999
2002-2006
Total complex area: 56 200 m2; Of which square area is around:13 000 m2
Complex of squares, pedestrian street, commercial and residential buildings, church and
public transport hub.
- Public transport intersection, good linkage to all landmarks,
- one of the most important squares in Helsinki.
Linked squares:
-Laspalatsinaukio square,
-Tennispalatsin square,
-Narinkka square,
-Salomonkatu pedestrian street.

Volume 7 / Number 4 / 2012

1455

technics technologies education management

Quality of space
Location

Diversity of outside and inside public spaces. Various users of all ages. Gathering place
for many festivities. Occasional market place.

Assets/Focal point

Narinkka square is where people meet and where the parades start.

Availability and the
quality of greenery

- Sporadic individual trees, standing in the ground or in pots, scattered over the place.
-Trees in patches of green grass “hills” on Tennispalatsin square, which limits pedestrian
movement to paved routes.
-Green area on the edge of Narinkka square.

Water features

Fountain at Tennispalatsin square.

Lighting

Low street lamps discreetly light sitting places while combinations of high lamps and
spotlights embellish the square at night.

Sitting

There are restaurants and cafes at all Kamppi squares but majority of them is in
Tennispalatsin square and Salomonkatu pedestrian street. Private business presence
on the square surface varies seasonally. Restaurants and cafes placed in surrounding
buildings put sitting outside, on the square edges during summer time. Since winters
in Finland are harsh sitting areas in the square are in use only from May to September.
Kamppi building is of mixed commercial/business use and has spacious public halls, so
during the winter, sitting is placed inside. For businesses in other buildings, it is alike.

Underground
Parking area

Existing. 250 parking places.

11:1
Public:private ratio

Visual impact

Although consisting of three squares and a pedestrian street, Kamppi is a rather compact
pedestrian zone. Narinkka square is the focal point and activities are the most vigorous
there while other places are calmer, with Tennispalatsin square having almost intimate
atmosphere at tables between ‘hills’. This complex is big enough for a dynamic stroll
and it provides various entertainment opportunities in the square ground and in the
surrounding buildings.

Functional aspect
Accessibilitywider and narrower
concept
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Highly accessible long distance bus station, central metro station and underground
parking area are in its underground levels. During winter nights, after closing hours,
since it is very cold outside the metro station is used as a shelter by homeless. There
are no records of any major inconveniences for users considering it is a central
square and transit point of a big city.
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Various use/user
types

Temporal aspect

Kamppi has been transformed into a complex of public open space without losing its
primary function of the major transit point. This part of Helsinki is traditionally used
for meeting people, due to its vicinity to city port and Esplanade – city promenade,
as well as for its history as a market. This square is eagerly used by young because
of its numerous individual spots and sloped Salomonkatu pedestrian street that
provides good basis for urban-sport activities such as skating and rollerblading.
Elderly users spend time mostly at cafes or walking. Musical events are frequent
in Narinkka square, Christmas market is held here every year, parades usually start
from here, Gay pride being the most famous. Young people gather at Narinkka
during the day. Even on the coldest winter days there are groups of teenagers and
young people gathering. Musical performances and all sorts of artistic activities can
be seen here. At evening hours and later at night people visit nightclub at Kamppi
building. Working people frequent cafes at Tennispalatsin square and the ones
surrounding Narinkka square. The square is used as a transit point for commuters,
people whose working place is nearby and for the ones shopping in the surrounding
commercial buildings.
Cafes and restaurants are fullest around lunch time, mostly visited by working
people and tourists. Most of the young people can be seen in the afternoon and
the evening. All sorts of people are present during the day entering and exiting
from the metro. It is active all day and night- offices and commercial center at
Kamppi building start working early in the morning and work till evening hours,
the metro station opens at 5 am and closes at 10 pm and the night club on the last
floor of Kamppi building starts working at 10 pm and is open till 5 am. Therefore,
underground parking is always in function. The square is used continuously during
the year with slight decrease in time spent out during winter days, although the peak
period of use in a year is around Christmas.

Case study 3 - Piazza Vittorio Veneto
In brief
Project Location
Architectural Studio
Design Year
Construction year/s
Surface area
Square typology
Connection to
the city centre,
the vicinity of
landmarks
Square Form

Galliate, Novara, Italy
„Studio Lazzaretto“ and Arch. Antonio Garassi
1998-99
1999-2000
Project total: 8.000 m2; Of which square area: 5 000 m2
Historic square.
- Bus stops nearby,
- main city square edged with the castle entrance.
Dominated by a building
-Castello Sforzesco.
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Quality of space
Location

The square is bordering a medieval castle. This is gathering place for all town
festivities and is regularly used as a market place.
Points that accumulate most of visitors are tree alley and castle entrance.

Assets/Focal point

Alley of 9 Sophora trees and an Paulownia tree in the square’s west end. Individual
trees in the alley allow unconstrained pedestrian flow.

Availability and the
quality of greenery
Water features

Wall water cascade.

Lighting

Individual spotlights at ground level create enticing atmosphere at night and regulate
market stands position on market days.

Sitting

Underground
Parking area

Several benches are aligned along castle yard wall while the rest of the public
sitting area is between the café and the cathedral. There is a private sitting space
further right, in front of the café and the other is inside the café in the picture.
Existing. Around 200 parking places.
15:1

Public : private
ratio

Visual impact
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The castle is a dominant feature in this square and one of its longer sides runs
parallel with the castle’s frontal façade. The cathedral is on the opposite side; the
café with entrance to the underground parking space is placed conveniently beside
it and right across the castle’s gateway. This café is a popular place for tourist
contemplation since it provides a good view of the only green area in the square.
Spot lights are input in pavement to organize the market stands order, which brings
charming look to the square at night in addition to candelabras. Apart from the
medieval castle and the cathedral, the surrounding structures are Italian town houses
from 18th and 19th centuries with the exception of a parking entrance building which
is a contemporary structure.
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Functional aspect
Accessibilitywider and narrower
concept

Various use/user
types

Temporal aspect

Being a historical center of a small town Piazza is easily accessible both by public
transport and on foot, and its underground parking space makes it comfortable to come
by car. It is surrounded with many residential buildings, which makes it safe even late at
night because of the ‘neighbor’s eye’.
The square is a compact rectangle with good visibility of the entire space from each
point. It has a history of being the main town square, with a cathedral and a market
place. These functions made it usable through generations by all citizens of Galliate.
There is a slight variation in predomination of user age, depending on the sort of
activity (rock music events visited more by young and sport events by men) and there is
generally good attendance at events.
The peak time for the square use is on market days, twice every week, and during
festivities (music and sporting events, car show, art performances etc.). During the day,
elderly walk and meet at Piazza- it is an intersection of many routes in town, especially
the walking ones. In the evening, young people gather on the square edges. On Sunday,
during church mass, this is where people from the town go to “see and be seen”. Sitting
in the café and watching the castle is mainly a tourist activity. Using mode of this square
is relatively unchanged depending on seasons.

During the planning process of Stadtlounge, C.
Martinez and Pipilotti Rist wanted to create a public space where they would like to spend time. It
was a competition project and they were not under
pressure of winning since they both had other active projects at the time. Therefore, they decided
to play and Stadtlounge became a personal artistic
statement, unique work of art that attracts people
[8]. Public was informed during the building process and public representatives were involved in the
decision process as far as to select the winner of the
competition. Afterwards, it was left to designers to
work on the details and it was on the city and the
Reiffeisen Bank to finance it and select the contractors. In effect, it does not attract many locals as it
would be expected having in mind its unique design
as well as the traffic absence. Being empty at night
is the greatest flaw of this space. For Stadtlounge to
achieve continuity of use, it should be allowed to all
of the stakeholders to take part in space shaping in
accordance with their everyday needs and the existing or adapted design frameworks. Availability of
square space at night could be reached by opening a
restaurant, nightclub or another facility that ensures
the nightlife of the square.
Kamppi was the biggest construction project
Finland has ever had. It adjoined many design
and construction firms, architects and urban planVolume 7 / Number 4 / 2012

ners. They created a commercial center and a public open space appreciating the existing habits of
space use and initiating the new ones. Public was
well informed during the construction process and
the city representatives were monitoring the design process. Being a transit nod, it is common for
Kamppi to have many passers-by. However, it is
the attractiveness of activities in the square that
keeps visitor’s attention.
Design of Pz. V. Veneto is completely subordinated to the accustomed regime of square use
(daily, weekly and seasonally). Urban furniture
and new objects were implemented in accordance
with common paths of use and not in their way. It
has a wide and empty central space, which is used
daily for great variety of activities, from random
meetings, over children play, to organized events.
Regeneration of this square was only a tool in approaching users’ routine, embellishing it and setting grounds for new ways of use.
When designing new squares, designers could
use indicators of social sustainability of a square to
reach better chances of sustainability. This could
be achieved through design adjustment which can
be in accordance with stakeholders’ needs. Many
of these indicators could not be taken into account
ad hoc, even if design was made having them
in mind. However, through extensive talks with
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stakeholders and perception of everyday life, it is
possible to match stakeholders’ needs and wishes
with the design of the square and its neighborhood.
4. Conclusions
The city square has traditionally been the focal
point of city life and a defining factor in creation
of the city’s identity. This is the place where all the
important things for a city happen and its picture
is what stays in visitors’ minds long after leaving
its grounds. In socialist countries, and the ones
that recently emerged from the socialist regime,
new squares are built to demonstrate the country’s
prosperity but also to form new identity of a place.
There are squares that have been very important
points in the city’s history and nowadays are used
as parking spaces for buses that bring tourists. At
some points in history, these squares stopped being
a gathering place for citizens and lost their role of
the city’s open hall. There are not enough activities
in them to attract people on daily bases. For the city
itself, a square like this one is nothing more than a
museum and a parking place combined.
Other, exterior factors, such as location also
contribute to social sustainability of the square. If
a square is outside the city’s main public transport
and pedestrian routes, it is not likely to become a
place around which to build the city’s identity.
Not all city squares could have the same degree
of sustainability. In diagram, (Table 2.) comparative analysis of social sustainability indicators is
presented in the way they are present in the case
studies of the squares.
There is an obvious difference between lush
Stadtlounge and austere Pz. V.Veneto urban furniture design. First was made to indulge users’ needs
for rest and food during working hour breaks and
the other is almost left empty, with plain benches
and just enough greenery. However, Pz. V.Veneto is
the central square of a small town and most of the
town’s events are held there, from the weekly market to art shows, car exhibitions and sport competitions; and this is exactly why this old square needed
just a renovation boost in form of a vast free space to
support all the activities. On the other hand, Stadtlounge is made for socializing and talking, without
wide free areas, and it is hard to establish any, much
different activity. At the time being, Stadtlounge is
1460

still a place that tourists visit although it can be expected to lose its appeal in years to come since there
is an evident lack of activities. This square is open
and available to everyone, built to attract users during and after working hours, but there is still no one
there after 10 pm.
Stadtlounge is visually the most compact of the
three because of the red surface which connects all
parts of the square and makes visitors aware of the
place. It is also the most comfortable place for leisure
time and it is a safe place to be. However, its responsiveness is compromised with the lack of activities.
Pz. V.Veneto has the healthiest environment
because of its constant mix of users and variety
of activities present, pleasant and calming atmosphere with the views of the castle, the cathedral,
the tree alley and the water wall. Namely, all its
assets can be seen at once.
Kamppi is a large space, which has a well balanced design and functional potential- it is divided
into smaller areas where each user can find an interesting activity. It has intimate private and public
sitting spaces and has spacious Narinkka square
for music events and parades. It is less safe than
other two squares simply because it is a large transitional point compared to a small town square
and a business district square.
Based on a number of existing socially sustainable city squares, it can be concluded that the key
factor for social sustainability accomplishment
is a well-balanced ratio of design and functional
potential. There are examples of city squares with
high esthetic qualities and functional potential
which are underused because of the lack of activities. Well-designed public space can indorse sustainability; however, it cannot initiate it. On the
other hand, squares with less design potential and
wide range of activities taking place in them still
fulfill its role of a public hall. In order to support
social sustainability, a city square must meet a series of indicators.
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Abstract
Relative measurement error analysis in the process of the Weibull fading signal parameter estimation will be presented in this paper. For the cases
when MRC (Maximal Ratio Combining) diversity
technique is performed at the receiver, relative error
expressions will be also derived. Based on them,
results will be graphically presented and discussed
to show the influence of various parameters, such
as diversity order and fading severity on the relative
measurement error bounds.
Key words:. Relative error measurement,
Weibull fading, space diversity.
1. Introduction
Transmitters positioning in deep urban and
moderate indoor environments is required for
various wireless communication applications,
that have been emerged recently. However, in
these environments the transmitted signals do not
always reach the receiver in a direct line-of-sight
(LoS) transmission.
Usually, multiple obstacles are surrounding the
transmission path, causing reflection, diffraction
and scattering, causing individual signals to superimpose at the receiver antenna.
Since most of these obstacles are close to the
receiver, their path difference is mostly below 150
m [1].
Measurement campaigns have confirmed that
most multipath components have an excess delay
of below 500 ns. Because this delay is less than a
chip length, the line-of-sight and multipath components are highly correlated, which leads to constructive or destructive superposition, depending
on the actual excess delay.
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Also, movement of the transmitters, receivers and
some obstacles form a dynamically varying multipath environment where constructive and destructive
superposition alternate over time. This phenomenon
constitutes a multipath fading channel.
Resulting fading process degrades the receiver
performance. Since receivers are becoming increasingly sensitive in order to detect strongly attenuated signals, the detection threshold has to be
lowered with the reduced signal power [2].
Multipath signal variation is described by several other distributions such as Hoyt, Rayleigh,
Rice, Nakagami-m, and Weibull. Weibull distribution is an adequate for multipath waves propagating in a non-homogenous environment. The resulting envelope for such scenario is obtained as a
nonlinear function of the modulus of the multipath
components sum. This distribution is very flexible
and often used for presenting urban environments.
Experimental data supporting the appropriateness
of the Weibull model is considered for using as a
model for indoor fading channels in [3].
Recent measurements have revealed that the
Weibull distribution gives the best fit to a path-loss
model of a narrow-band digital enhanced cordless
telecommunications (DECT) system at reference
frequency 1.89 GHz [4].
Based on fading channel data obtained from a recent measurement program at 900 MHz, is reported
that the Weibull distribution can be used to model
outdoor multipath fading well in some cases [5].
Diversity reception, based on using multiple
antennas at the receiver (space diversity), is very
efficient methods used for improving system’s
quality of service (QoS), so it provides efficient
solution for reduction of signal level fluctuations
in fading channels.
Volume 7 / Number 4 / 2012
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Multiple received copies of signal could be
combined on various ways [6-7]. The optimal
combining technique is maximum ratio combining (MRC).
This combining technique involves co-phasing
of the useful signal in all branches, multiplication
of the received signal in each branch by a weight
factor that is proportional to the estimated ratio of
the envelope and the power of that particular signal and the summing of the received signals from
all antennas [8-9].
Simulation, Weibull parameter estimation and
measurement has been present in the literature
[10-11].
However, to the best of author’s knowledge, no
expression study of relative error measurement in
the process of the Weibull fading parameter estimation based on higher order moments, for the cases
with and without diversity reception, has been present in the literature yet. (tax, excises, duties).
2. System model
The total differential is used in estimating the
error Δy of a function y based on the errors Δx1,
Δx2, ... of the parameters x1, x2, .... Assuming that
the interval is short enough for the change to be
approximately linear [12]:

Dy = y , ( x)Dx ........................... (1)
and that all variables are independent, then for
all variables
n

Dy = ∑
i =1

d f ( xi )
Dxi ,
d xi

y = f ( x1 , x 2 ,..., x n )

The absolute error is the magnitude of the difference between the exact value and the approximation.
The relative error is the absolute error divided
by the magnitude of the exact value. From previous relation it can be easily seen, that relative error
can be written in the form of [13]:

gy =

Dy
= d (ln( f ( x1 , x2 ,..., xn ))) ............. (3)
y

The probability density function (PDF) for a
Weibull distributed channel can be expressed as
[14]:

 ra 
ar a−1
p(r )
exp  −  ................... (4)
=
W
 W
where the channel amplitude r ≥ 0, Ω = E(r2) is
average fading signal power, E() is the expectation
operator, and Γ() is gamma function. Parameter α
is Weibull-fading parameter and represents fading
intensity measure. When value of parameter α increases, fading intensity decreases.
The Weibull fading parameter can take values
between 0 and ∞. In the special case when α = 1,
the Weibull distribution becomes an exponential
distribution; when α = 2, the Weibull distribution
specializes to a Rayleigh distribution.
From previous is evident that for a reasonable
estimation and measurement of Weibull fading parameters is necessary to determine its moments.
For the n-th order moment of the Weibull random
variable r we have:

This is because the derivative fx with respect to
the particular parameter x gives the sensitivity of
the function f to a change in x, in particular the error Δx. As they are assumed to be independent, the
analysis describes the worst-case scenario. The
absolute values of the component errors are used,
because after simple computation, the derivative
may have a negative sign. One commonly distinguishes between the relative error and the absolute
error.
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a

n+a
r =W Γ 
 ........................ (6)
 a 

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

n

Let us now derive the relative error that is obtained in the process of the n-th moment determination. Considering (2) we obtain:

ln=
rn

n
n+a
ln W + ln Γ 
 ............... (7)
a
 a 

After differencing (7):
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a
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=
−
+
a
a
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a

−
−
+
a
a
a
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=
δ1n +
δ1W +
δ1a
W
a
n
......................................... (8)
relative error expression can be given in the
form:

Dr n
rn

=

Da
DW
Dn
δ1a +
δ1W +
δ1n ........... (9)
a
W
n

with Ψ0(x) denoting the digamma function
[15].
Let us now consider diversity reception influence on the relative error in the process of the n-th
moment determination.
The resulting pdf of the instantaneous envelope
r, at the output of the MRC combiner is given in
the literature in the form of [16]:

=
pMRC (r )

 r 
ar L
exp
 −  .......... (10)
Γ ( L )W L
 W
aL −1 L

a

while the n-th order moment of the random
variable r at the output of the combiner is given
in the form of:
n

1  W a  n

=
r n MRC
  Γ  + L  ............(11)
Γ( L)  L   a

Based on (2) we have:
ln r n MRC
=

n
n
n

ln W + ln L − ln Γ( L) + ln Γ  + L 
a
a
a


....................................... (12)
after differencing (12):
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d W n dL
n
n

+
Ψ0  + L  − Ψ0 ( L) −
W a
a
L
a

dn
da
dW
dL
= δ1nMRC +
δ1aMRC +
δ1WMRC +
δ1LMRC
a
W
n
L
....................................... (13)
+

relative error expression can be given in the
form:

D r n MRC
r n MRC

=

Da
DW
Dn
DL
δ1aMRC + δ1WMRC + δ1nMRC + δ1LMRC
a
W
n
L
....................................... (14)

3. Relative error comparation
The expressions for the relative error in the
process of the n-th moment determination from
(9) and (14) will be now compared, in order to
show how the diversity effect improves system
performances. Since we know for sure what is the
diversity order at the reception (number of antennas at the receiver, ∆L=0), and the moment order
which is estimating, relative error expressions can
be written in the form of (15). Observe ratio δ1α/
δ1α MRC , by knowing the basic properties of digamma function it is evident that for every values of
parameters α and L and for each moment this ratio
is higher than 1, which means δ1α > δ1 α MRC.
In figures 1 and 2 this ratio is presented in the
function of fading severity parameter α and number of branches L, for various order of moments.
It can be seen, that this ratio grows as number of
diversity branches at the reception grows, which
means that relative error in the process of the moment determination decreases (better performances are obtained) as diversity order at the reception
increases.
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From figure 3 can be seen how for the same average fading signal power average bit error probability behavior improves as the diversity order
(number of branches) increases.
For example, considering the case of two diversity branches, we can see that at the ABEP =
10-2 improvement is about 7 dB of Ω.
The average bit error probability (ABEP) at the
receiver output can be derived for coherent signaling according to following expressions [18]:
................ (17)
Figure 1. δ1α/ δ1α MRC ratio in the function of number of diversity reception branches L, for various
moment orders

Dn
Dn
δ1n ® 0;
δ1nMRC ® 0;
n
n
DL
δ1LMRC ® 0;
L
Dr n
r

n

»

Da
DW
δ1a +
δ1W
a
W

D r n MRC
r n MRC

»

Da
DW
δ1aMRC +
δ1WMRC
a
W

........... (15)

Also is evident that smaller relative error is obtained when higher order moments are estimated
in the presence of less severe fading (higher α values).
Among the different performance criteria that
can be used to characterize the random variable r
there is the average bit error probability (ABEP).
The average bit error probability (ABER) at the
receiver output can be derived for non-coherent
and binary signaling according to following expressions [17,19,20]:
Pe =

with erfc(x) denoting the complement error
function [15], while g denotes modulation constant, g = 1 for CPSK modulation scheme and g =
1/2 for CFSK [21-22].
Substituting (4) and (10) in (17) ABEP is
shown on Figure 4 for the case without diversity
and cases when diversity reception is applied for
coherent modulation scheme

∞

1

∫ px (t ) 2 exp(− gt )dt

.............. (16)

0

where g denotes modulation constant, i.e., g=1 for
BDPSK modulation scheme and g=1/2 for BFSK.
A comparison of curves shows better performance of BDPSK modulation scheme against
BFSK modulation scheme.
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Figure 2. δ1α/ δ1α MRC ratio in the function of fading
severity parameter α for various moment orders
A comparison of curves shows better performance of CPSK modulation scheme against
CFSK modulation scheme.
Also is evident how for the same average fading signal power Ώ average bit error probability
behavior improves as the diversity order (number
of branches) increases.
For example, considering the case of dual diversity reception, we can see that at the ABEP=10-2
improvement is about 7 dB of Ω.
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4. Conclusions

Figure 3. Average bit error probability in the
function of average fading signal power Ω for
non-coherent modulation schemes
Considering previously exposed analysis, the
conclusion arises that lower relative error in the
process of the Weibull moment determination is
achieved when MRC diversity is present at the reception.
Better performances are obtained for higher
number of diversity branches, namely:

δ1a ³ δ1aMRC
DW
δ1W
W


n
D r n MRC
 Dr
³
⇒
DW
n
³
δ1WMRC 
r
r n MRC
W

....................................... (18)

An approach to the relative error analysis in the
process of the parameter estimation is presented
in this paper. For the cases with and without MRC
diversity combining at the receiver, relative error
expressions are derived.
Obtained results are graphically presented and
discussed in order to show the influence of various
parameters, such as diversity order and fading severity on the relative measurement error bounds.
It is shown that better fading parameter estimation is achieved in the cases of higher diversity
level, and more severe fading.
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Abstract
In this paper the results of determination of
the values for the coefficient of internal structural
damping for the case of bending free damped vibrations of elastic structures are presented. The
coefficient of internal damping is introduced as a
parameter in a structural damping model derived
under assumption that internal damping force appearing as result of structure deformation is proportional to local velocity of the structure. The
values for the internal damping coefficient were
calculated numerically using the finite element
method to discretize the equation of motion and
the New-Mark algorithm to get the time response
of the vibrating structure. The coefficient of internal damping in numerical calculations was varied
to reproduce the damping factor evaluated from
the amplitude decays measured experimentally on
elastic cantilever beams. Based on the results obtained, a good correlation between the cross-sectional moment of inertia, as the main geometrical
parameter of the elastic beam, and the damping
factor resp. coefficient of internal damping can be
established. The correlation trends are consistent
with the model of structural damping used.
Key words: coefficient of internal damping,
bending damped vibrations, structural damping
model.
1. Introduction
Investigation of vibrations in technical systems
is an indispensable milestone in the effort towards
improvement of their performance. Monitoring of
vibrations, for instance, may provide a basis for
assessment of the wear conditions of the system
[1] or to give crucial indications of the source of
vibrations opening the possibility for their better
understanding and prediction, which in turn in1468

creases the possibilities for their better control or
elimination during operation [2].
Appropriate modeling of damping plays also an
important role in the dynamic analysis of mechanical systems. Inappropriate treatment of damping in
the analysis may lead to wrong conclusions with
regard to dynamic behavior of given mechanical
system which may reflect negatively on the performance of the mechanical system during operation.
Treatment of damping forces in vibrating structures has for long time been an active area of research in structural dynamics. Since the publication of Rayleigh [3] a large body of literature can
be found on this topic. Although damping is an old
problem being in focus of research, the demands of
modern engineering in view of high requirements
regarding precision, reliability and operating speed
of technical systems or requirements concerning the
maximal use of the material have led to a continuous increase of interest in recent years. Studies of
damping have a major role in broad range of technical applications such as areas of vibration isolation
e.g. in automobile industry or for buildings subjected to earthquake loadings etc. The recent developments in the fields of robotics and active structures
have contributed to development of procedures for
dealing with damping phenomena in the context of
structural dynamic.
The modeling of damping represents a very
challenging task. It depends on a number of mutually dependent parameters, which are in general of
nonlinear nature. Therefore a general approach to
modeling of damping is very difficult and different kind of simplifications in the model (linearization) often cannot be avoided. A possible approach
towards modeling of damping can be to postulate
a model in which a number of parameters are unknown and need to be determined e.g. by experiments. Thereby it is desired that the parameters to
Volume 7 / Number 4 / 2012
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be determined are the constants depending ideally
only on the material and other effects need to be
captured by the model.
In this paper the structural damping is described
by a model which is derived under assumption that
the internal friction force appearing as result of local deformations in the structure is proportional
to the local velocity of the structure particles. The
proportionality factor is the coefficient of internal
damping (m). For the case of bending vibrations
of an elastic beam following expression for the
damping moment is obtained [4]
∂M Pz
∂  ∂q 
= mI  z  ........................ (1)
∂x
∂x  ∂t 
Here, Mpz represent the moment due to damping
force, q is the rotation angle of the cross-section
and I is the moment of inertia of the cross-section.
The coefficient of internal damping m is here
the unknown parameter which needs to be determined. This is done by the evaluation of damping
factor from the vibrations measured experimentally on the elastic beams. The coefficient of internal damping is determined by recalculation of the
vibrations measured in experiments to reproduce
the amplitude decay i.e. damping factor.
2. Mathematical model
The equation of motion governing the free
damped banding vibrations of elastic beams taking into account the effects of rotation inertia and
shear forces (known in the literature as Timoshenko beam theory [ 5]) reads

rA

∂ 2u y
∂t 2

I
+E

∂ 4u y

the coefficient of internal damping, x is spatial coordinate along the beam axis, y is spatial coordinate
perpendicular to beam axis and parallel to direction
of transversal beam displacement, z is spatial coordinate perpendicular to vibration plane, t is time.
In the previous equation the effect of structural damping is taken into account by the last term
on the left hand side. This term is obtained from
equation (1) by expressing the rotation angle q in
term of transversal displacement uy.
It is more convenient to perform the analysis in
a non-dimensional form to avoid the dependency
of the results on the range of geometrical and material properties used in the analysis. To this end
the equation of motion can be recast in its non-dimensional form as follows

∂ 2u y
∂t 2

+I

∂x 4
........... (2)
4
∂ 4u y

E  ∂ uy
 2 2 − m I 3 = 0
− rI 1 +
∂x ∂t
 gG  ∂x ∂t
Here, r is material density, A is the cross section
area, uy is the transversal displacement, E is elasticity
modulus, I is moment of inertia of the cross section
with respect to axis perpendicular to vibration plane,
py is external load, g is parameter depending on the
shape of the cross section, G is shear modulus, m is
Volume 7 / Number 4 / 2012

∂x 4

− py −

4
∂ 4u y

E  ∂ uy
− I 1 +
 2 2 − m I 3 = 0
∂x ∂t
 gG  ∂x ∂t

, ......... (3)

were the non-dimensional variables obtained
by appropriate transformations [6] are denoted by
an overbar.
For the case of a cantilever beam considered
here the following boundary conditions apply:
for the clamped end ( x = 0 i.e. x = 0 )
u y (0 ) = 0

and

∂u y
dx

= 0,
0

for free end ( x = L i.e. x = 1 )
∂ 2u y

− py −

∂ 4u y

dx 2

1

=0

and

∂ 3u y
dx 3

= 0.
1

Equation of motion is a partial differential
equation of forth order in which the terms with
mixing partial derivatives appear including also
terms with even partial derivatives with respect to
spatial coordinate and time. Analytical solution of
this equation requires solution of a characteristic
algebraic equation of fourth order which is very
difficult to solve for a general case. Therefore a
numerical solution of the equation of motion is
preferred.
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The finite element method [7] is employed to obtain the discrete form of the equation of motion and
the New-Mark method is used to integrate the resulting system of algebraic equations in time i.e. to calculate the time response of the vibrating structure [8].
3. Experimental setup
In order to provide the basis for determination
of the coefficient of internal damping m a series
of measurements were performed on elastic steel
cantilever beams. The beam is excited by moving the free edge from its equilibrium position
and then letting the structure to vibrate freely. The
vibrational time response is recorded in form of
deformation (extension/contraction) measured by
means of strain gauges stuck on the beam surface.
The transversal displacement of the beam can be
calculated from the measured deformation. This,
however, is not necessary for evaluation of damping factor which is calculated directly from the
amplitude decay of the measured deformations.
4. Analysis of the results
An example of the time response representing the deformation measured by means of strain
gauge for a steel cantilever beam of the length
L=190 mm, width b=40 mm and thickness h=3 mm
is given in Figure 1. Material of the beam is steel
S235 with elasticity modulus of E=210 GPa and
density of r=7840 kg/m3.

the non-dimensional damping factor δ resulting
from the assumed model of structural damping
presented in Section 2.
Several curves are given for different values of
the non-dimensional cross-section moment of inertia I . It can be seen that the damping factor δ
increases with increasing coefficient of internal
damping m . With increasing moment of inertia I
the damping factor δ is also increasing while the
coefficient of the internal damping m is decreasing.

Figure 2. Dependency m of δ for different values of I
In Figure 3 the values of the non-dimensional
coefficient of internal damping m obtained by numerical calculations are given as function of nondimensional moment of inertia I . It is evident that
the coefficient of internal damping decreases with
increasing moment of inertia as expected. It is
also evident that these two variables are in a good
correlation which can be expressed in the form

m = 0.0011 ⋅ I 0.584 with a very good coefficient of
determination R 2 = 0.8694 .

Similarly in Figure 4 the values of the non-dimen-

Figure 1. An example of time response measured
experimentally
Figure 2 shows the relation between the non-dimensional coefficient of internal damping m and
1470

sional damping factor δ obtained by measurements
are given as function of non-dimensional moment of
inertia I .
In this case the damping factor increases with increasing moment of inertia, which is also in accordance with expectation. Between non-dimensional
damping factor δ and non-dimensional moment of
inertia I a correlation of the form δ = 0.002 ⋅ I

0.4088

with a coefficient of determination R 2 = 0.7491 .
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5. Conclusions

Figure 3. Dependency of the coefficient of internal damping on the moment of inertia

Results obtained by measurements of the damping factor as a measure of the amplitude decay for
free damped bending vibrations have served as
basis for the calculation of the coefficient of internal damping used as a parameter in the structural
damping model.
Results obtained by numerical calculations show
that a good correlation between moment of inertia,
as the main geometrical parameter of the beam,
and the damping factor resp. coefficient of internal
damping exists. The correlation trends are consistent with the model of structural damping used.
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Abstract
Classical systems of measurement prevent the
realization of the basic purpose of measurement,
i.e. to identify actions necessary for continuous
improvement. The authors of this paper, using the
methodology of Balanced Scorecard (BSC) in the
classical system of financial reporting, have confirmed the following hypothesis:
Although TQM models were among the first
initiatives of performance measurement that highlighted the inadequacy of traditional accounting
measurements for management purposes,
Balanced scorecard model helps to overcome
its limitations for effective performance measurement. [1]
Key words: measurement, improvement, Balanced Scorecard, Total Quality Management
1. Introduction
Improvement of effectiveness and efficiency
of quality management system aims at improving
financial results of the organization. After determining the mission, vision and quality objectives,
planning activities contribute to:
– creation of added value (VBM - Value-Based
Management, the concept of management
based on value), and
– cost reduction. [2]
The subsidiary joint-stock company “Hydroelectric powerplants on Trebišnjica”, Trebinje
(HET) received the certificate of compliance with
the requirements of standards ISO 9001, ISO
14001 and OHSAS 18001 in October 2010 (Integrated Quality Management - IQM). In a restructuring process, 5 years prior to certification, HET
became an organization with joint-stock company
1472

status, with majority state ownership. This time
period was analyzed in order to determine the
causes of changes in value of the company and its
financial solvency.
The main objective of the changes made in public sector, in the process of deregulation and restructuring, is raising of economic efficiency and
effectiveness of this important sector of the economy. After analyzing the characteristics of public
companies and evaluation of their functioning, attention was focused on the economic characteristics of public companies in a market economy and
development of entrepreneurship. In order to pinpoint the causes of current problems in the sector
and to identify avenues of change, a clear definition
of new management assignments in the process is
necessary. The management of the company must
possess the skills and knowledge that will help in
using the synergy of accumulated knowledge and
experience in public company, so that it can move
the public enterprise system from the existing situation to the new desired state, whilst seeking contemporary solutions that already operate in countries with developed market economies.
Conducting business with losses in public enterprises causes a series of unintended consequences.
This is primarily reflected in payments to service
providers, in the standard of work and employees
compensation. In the conditions thus established,
the management is guided to seek the solution of
economic problems in the business from the state
bodies, i.e. its founders. However, providing public companies with the characteristics of business
systems fundamentally changes the management
functions. Instead of administering, the management functions are more akin to entrepreneurship.
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2. Intellectual capital as the key driver of
improvement
Business and financial reporting in compliance
to international accounting standards (International Accounting Standards Board - IASB) sets new
rules of determining the success of the business,
fundamentally different from those in the 1950’s,
because traditional financial monitoring of business performance does not and can not include
the main driver in the new economy - the intellectual capital. It is clear that the classic indicators of business performance, such as the increase
in total revenue, profit or cash flow, do not reflect
the true business ability of the company, because
they do not communicate whether the company
created value or not. Unfortunately, this area was
completely ignored until now.
Value-added is the main criterion of success of
business in today’s economy. It is a fact that unproductive and inefficient production can lead to
a complete impairment of companies, which not
only add no value, but rather pile up losses, something that is completely unsustainable economicaly and contrary to TQM requirements.
Alongside conventional production factors, such
as equipment and financial resources, intellectual
capital is becoming a key resource. Nowadays no
top-management can be allowed not to know what
knowledge and skills it commands. A company that
successfully uses its intellectual resources virtually ensures competitiveness in the global market.
Therefore, wise use of knowledge resources becomes one of the main strategic themes in the new
economy. Knowledge and capital are the basic factors of production in the 21st century. Since capital
is relatively abundant, and knowledge relatively
scarce, work becomes the dominant factor of production again. Of course, this is no longer physical or manual labor, but educated, experienced and
organized labor. Concentration of such work produces intellectual energy that produces intellectual
capital. Thus, 21st century industry will be where
intellectual capital is organized. [3]
Intellectual capital of a company is all employees, their organization and the ability to create value
which is valorized by the market. The starting point
of analysis is business results: value added, which
Volume 7 / Number 4 / 2012

is calculated by subtracting the input (all costs except expenditures for employees) from the output
(total revenue). The main novelty of this concept is
that expenditure for employees (salaries and other
benefits) are not input, i.e. not a cost, but an investment. Employees invest knowledge and skills that
the business enterprise valorizes on the market.
Business Excellence is based on the transfer of
principles and tools of quality management into
business management, or in other words, the ultimate goal of TQM-based quality management is
achieving organization’s business success in terms
of finances and meeting the demands of all stakeholders. TQM is a combination of all approaches to
quality management, aimed at improving company
performance. This is a business philosophy, lifestyle,
culture of its people and the choice of techniques for
successful realization of company goals. [4]
3. Analysis of financial position and rentability of HET
When something brings a definite yield it is
termed productive. When it yields a paid revenue,
it is said to be rentable or viable, and when it is successfully done with evident benefits and profit, it is
said to be effectively and efficiently completed.
Production of HET is specific in the sense that
all energy produced is delivered to the electric
power system of Republika Srpska, but without a
direct influence on charging for it.
The concept of “value analysis” was first used
by J. D. Miles in 1946 in the U.S., when he was doing research of supply market for “General Electric”
company. His definition of value analysis was as
follows: “The analysis of value is a set of techniques
which determine the unnecessary costs, i.e. costs
that do not contribute to the creation of value, service, use-value, appearance and safety of a product,
of satisfying the needs and requirements of the customers.” He pointed out that 20% of the cost usually
make 80% of product value and vice versa, that 80%
of costs generates only 20% of its value. [5]
The analysis of HET efficiency concentrates on
fixed costs, that participate with over 80% in the
prescribed price of electric power.
Process-oriented integrated quality system
(IQM) is, in certain ways, the modern concept of
business performance management, which com1473
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Table 1. Prices of electric power at Trebišnjica HEPP, prescribed by RERS
No.

Year

1
2
3
4
5

2006.
2007.
2008.
2009.
2010.

Domestic consumption
pf/kWh
3.040
3.040
4.060
4.060
4.010

Other buyers
pf/kWh
5.800
5.800
6.500
6.500
6.700

bines various managerial approaches - best practices, under the “conceptual umbrella of quality
management” [6], with the task of building the
capacity of a business to effectively adapt to its
environment.
The methodology of cost determination is based on setting the required revenue and production
plan. Required income is determined on the basis
of justifiable costs of operation and maintenance,
which include depreciation costs (costs of business activity - the cost of wages and salaries, depreciation, costs of materials and spare parts, fuel
and energy costs, costs of taxes and contributions
...) and approved return on equity, which is determined on the basis of approved rate of return on
capital required for funding of the regulatory basis
(the value of fixed assets necessary for carrying
out activities, plus net working capital). The rate
of return with which approved rate was calculated
is 2% (Table 1).
HET is an organization that operates as part of a
holding company “Electric Power Industry of Republika Srpska” (hereinafter referred to as MH ERS)
and its main activity is production of electric power.
Electricity as a “sui generis” commodity has
many specificities, unlike most other goods. At
present, only the basic characteristics of electric
power is considered, most notably the simultaneity of its production and consumption, which
effectively prevents “storage” and delaying the satisfaction of consumer needs, diversity and large
number of consumers, characterized by both voltage levels and volume of consumption and also
the fact that electricity is an indispensable condition for normal life and work. However, as for all
other goods, the laws of the market increasingly
apply to electricity. This is reflected in supply, demand, marketing, pricing, state influence on the
work and operations, the level of living standards, market development, the level of economic
1474

Variable cost
pf/kWh
0.610
0.610
0.590
0.590
0.590

Fixed cost
pf/kWh
3.310
3.310
4.350
4.350
4.350

Average price
pf/kWh
3.920
3.920
4.940
4.940
4.940

development, then consumer habits and influence
of many other internal and external factors on the
demand for a product .
Price also represents a special way of communication between producers and consumers, as a
signal that indicates availability of a product or
service. This feature of price is relevant for electric
power also, as for all other products and services.
Large capital investment, long period of construction and use of energy capacity with the essential nature of this product in any society, imposes
a need for a system of electricity pricing which
would provide adequate signals to investors, producers and consumers, in order to support a healthy economy.
Keeping prices below cost, for social and industrial reasons, was not common only in developing
countries, but in some developed countries as well.
The consequences of such policies are extremely
expensive and are reflected primarily in the irrational and excessive energy consumption, excessive
depletion of national resources, as well as environmental damage due to increased pollution.
On the other hand, excessive electricity prices
would negatively affect the competitive power of
industry, as well as deprive people of an essential
good. Hence, the establishment of the equilibrium
level of electricity prices is not in any way easy to
achieve in practice, since pricing is essentially a
compromise between different (conflicting) interests and goals.
Thus, in situations when development of electric
power capacity is to be encouraged, if private
ownership is dominant, the use of historical cost
model is insisted upon, primarily through regulation of rates of return, which provides lower risk and
an incentive for investors.
In a situation where state ownership is dominant, orientation is toward long-term marginal
costs. On the other hand, application of market
Volume 7 / Number 4 / 2012
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models is possible only at the stage of full maturity of electric power industry, when there is ample or even surplus of production capacity, when
a complete electrification of the national territory
is attained and when transmission and distribution
networks and supporting technical infrastructure is at such a level that enables an unobstructed
competition in production and retail. [7]
Power sector restructuring and the transition
from a fully regulated monopoly system to a partially regulated one, with liberalization of electricity market, has become a reality in our country.
This process is followed by a series of transitional
issues (expected and unexpected), both institutional and technical, economic and organizational,
which significantly affect both creation and functioning of electricity market.
In course of the first transition years, follow
signing preferential trade agreements with the EU,
these counties 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,
organizational 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.[8]
Regulations of economic relations in the mixed
holding company “ERS” (MH ERS) regulates mutual economic relations of joint stock companies
engaged in the electrical activity in Republika Srpska (RS), in order to provide timely and consistent
implementation of the prices set by the Regulatory
energy commission of RS (RERS) and the State
electricity regulatory commission of BiH (SERC).
Electricity can not be sold at prices lower than
cost (CP), which includes all other costs determined by RERS and SERC. Specificity of electricity
as a commodity is indicated by a number of concepts, entities and relationships in mutual negotiation and distribution of revenue. Hence, there are
domestic consumption, exports, imports, qualified
buyers, unqualified buyers, independent retailers,
distribution companies, balance surpluses up to
Volume 7 / Number 4 / 2012

planned balance quantities, unplanned realizations
in relation to planned balances, approved suppressed energy, average price, weighted average price, tariffs given by RERS and SERC, transmission
company fee, independent system operator, etc.
The ratio of fixed and variable costs in approved price is determined by RERS. Distribution
companies report the average price realized by
calculating 15% distribution losses. Production
and transfer negotiate revenue distribution, so
the management of efficiency of the subjects in
electricity sector is a very complex process.
4. Defining goals through analysis of causeeffect relationships between financial
and non-financial performance of the
organization
Financial position and rentability of HET is
analyzed through data in annual financial statements, disaggregated into components through the
prism of BSC perspectives.
The very fact that the company has, in the process of ownership transformation into a joint stock
company with majority state capital, transferred
from the zone of operations with losses into the
area of operations with a positive financial result,
requires a deeper analysis of financial structure
and development of rentability position, as well
as detection of determining factors of positive
tendencies and also latent gains and losses. The
following sections of the analysis aim at that.
It should be noted that a significant part of
microeconomic theory of companies deals with the
relationship between profit and capital. From the point of businesses continuity, there is a requirement
that these two variables be consistently, quantitatively and substantially distinguished. In doing so,
priority is given to maintaining and enhancing the
capital. The reason is obvious. One can not consider
profit before capital for its creation is preserved.
The relationship between capital and income
can be viewed simply as the ratio between stock
and flow, or as a relation between the state and
changes. Capital goods of a company have the
character of wealth, while income is the flow from
that wealth. Hence, profit is the excess income
above the amount required to maintain (minimum)
initial value of capital. The result of the enterprise
1475
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business is the maximum amount it can dispose
of during a period, provided it fully preserves the
capital invested in it at the beginning of the period.
Total realized income in a given period does
not represent the amount of income. This needs
to be divided in two parts: one part that represents
profit and may be spent, and the part that must be
reinvested in order to maintain initial equity and
to preserve the economic potential for the future.
The fact that the income and capital preservation are tightly connected, i.e. that one can not be
achieved without the other, indicates the complementary nature of the goals of the company. But
since one of them specifies the minimum requirements for achieving the other, they are also in this
respect clearly differentiated: one as the supreme
goal of business policy, the other as a minimum.
One could briefly say that maintenance and increase of capital is a target-condition, and that profit
is a target-result of business policy. [9]
Starting point for analysis of financial position
and rentability is year 2003 and time period of 3 years ending with year 2005, is selected. Ownership
transformation was made in that time period.
Equity turnover ends when the sum of actu a l
cost of products equals the sum of total capital invested. Analogously, the sum of realized products
shown as cost minus depreciation are a representative item that expresses the effect of working capital turnover.
The essence of working capital management
is in finding optimal solutions in the level and
structure of all components of these funds and
coordination of their dynamics, in order to ensure
normal course of production (or operations) with
maximum financial effects.
Aggressive working capital management model requires only a varying amount of current
assets financed by short-term sources, while the
permanent working capital and fixed assets must
be financed from long-term sources.

Owned net working capital fund, as a difference between net capital and fixed assets is negative,
which indicates an undesirable situation, in that
part of fixed assets which are bound long-term to
the corporation, are funded from short-term sources. This means that on maturity of these shortterm sources, one has to look for new sources in
order to preserve the property.
In financial management theory and economic
practice, net working capital is important as part
of long-term resources used to finance working
capital, because it increases the financial potential
of the organization.
Poor dynamics from that period indicate the
worsening financial position of the organization,
although positive trends were evident in the dynamics of loss reduction, reduction of long-term
liabilities, short-term loans and short-term receivables. However, all this requires a deeper analysis of the structure of participation and nominal
effects in order to verify improvements. It is
therefore hard to discuss improvements without a
“deep” structural and ratio analysis of company’s
balance. A good result in the short term is not necessarily a good long-term result. (Table 2)
From Table 2 one can see that in this period there
was a significant increase in production in natural
units of GWh. For year 2004 there was a 27 percentage points increase in natural production, that
resulted in a disproportionate increase in revenue
from sales of only 11 index points. The reasons for
these trends are precisely in the complexity of the
problems of power sector and tariff system.
In year 2005 one can already see a proportional change in the relation of production and realization of revenue from sales. For the analysis
of financial position and rentability of HET, it is
necessary to establish a system of indicators that
accurately reflect the state of the organization with
clearly differentiated improvement drivers, within
the organization and outside - RERS, MH ERS,

Table 2. Basic financial indicators trend
Year
2003.
2004.
2005.
1476

Production
GWh
961,5
1.222,4
1.268,9

Index
100,0
127,1
132,0

Retail income
000 KM
44.086
49.041
54.788

Index
100
111.2
124.2

Expense
000 KM
46.159
51.875
41.361

Index
100,0
112.3
89.6

Business result
000 KM
-1.854
-2.614
13.600

Index
100
140.9
733.5
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Table 3. Defining improvements based on cost price trend
Measure
Year
2006
2007
2008
2009
2010

Price prescribed by
RERS pf/kWh
3.92
3.92
4.94
4.94
4.94

Realized Cost price
pf/kWh
4.03
5.73
5.44
4.36
3.45

Index
2/1
103
146
139
88
70

1/2
97
68
91
113
143

Goal
2/1

Alarm

%
<110
65.38
73.08
70.51
75
78

%
110
55
58
60
66.67
69.23

Measurement
interval
1 year

Table 4. Set of performance measures for resource use, differentiated by BSC dimensions
Financial perspective
Income statement
1.
Total cost
2.
Business result profit/loss
3.
Gross salaries and compensations
Balance sheet
4.
Liquid assets
5.
Short term liabilities
6.
Receivables from sales
Cash flow balance
7.
Outflows on payment of dividends
8.
Investment outflows --- trend points to the
need to analyze the structure
9.
Investment inflows
Capital changes
10. Changes in capital status at the end of interval
relative to the start of interval
Annex
11. Investment value during reporting interval
12. Fairs, commercials, advertizing costs, part of
other costs
13. Manufacturing services costs

User persperctive

14.
15.
16.

17.

Internal process perspective
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

Number of plant outages due to failures
Number of plant outages longer
than 8 hours
Total expenses per kWh
Gross wages and salaries as part of total
expenses
Net income per kWh
Profit per kWh
Total signed commercial contracts
Number of investment contracts and
participation in total contracts signed
General liquidity indicator working capital /
short-term liabilities
ROA=net income/total active
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ZP HET part in MH EPRS gross production
Cost-price (CP) recommended by RERS
Part of profit that belongs to minority owners
(shareholders), on Supervisory Board’s
decision
Number of energy re-balances (MH ERS)

Learning and development perspective

29.
30.
31.

Number of employees in production and
technology greater than 60%
Number of workplace injuries
Annual expenses for fairs etc. per employee
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the Ministry of Industry, Energy and Mines, Government and the Assembly of RS, since the electricity sector is very complex and electricity is an
input in all aspects of economy, so the power sector affects overall price stability in the market.
There is an obvious importance and direct impact of realized cost savings on the improvement
of financial results in the analyzed period.
Based on this conclusion, further analysis was
done of the trends of financial performance as reported in the official annual reporting forms (income statement, balance sheet, the annex, changes
in the capital status, cash flow ...) for the period
from 2006 to 2010.
There is an obvious importance and direct impact of realized cost savings on the improvement
of financial results in the analyzed period.
Based on this conclusion, further analysis was
done of the trends of financial performance as reported in the official annual reporting forms (income statement, balance sheet, the annex, changes
in the capital status, cash flow...) for the period
from 2006 to 2010.
Improvements in about 30 indicators were
defined. Starting hypothesis has been confirmed
with their inclusion in the selected set of targets
for tracking trends observed in 5 years (Table 4).
5. Research results
Basic tenets of QPR Scorecard model developed in the case of HET are based on the following facts:
The developed model accumulates information
from annual reports.
There are three basic series:
– Actual data series;
– Target data series;
– Alarm data series.
Series of target and alarm data relate to the values that serve as a reference for a series of current
data to be entered.
In order to facilitate visualization of processed
results, achievements are shown in different colors,
usually in bright colors of traffic lights.
There is an evident increase in corporate performance in the years observed, expressed in percentage points for four BSC perspectives (Table 5).
1478

This clearly shows the specific benefits of described approach in improving performance of
HET.
Table 5. Presentation of results in performance
measures of resource use, differentiated by BSC
dimenstions
Year
2006
2007
2008
2009
2010

BSC
40.67
56.72
56.63
69.07
74.16

FP
48.43
57.70
60.87
69.5
76.55

PK
38.68
62.58
67.37
68.64
71.87

PIP
40.37
55.92
69.41
70.53
70.37

PUiR
32.35
41.86
58.04
54.47
56.36

6. Instead of conclusion
In the next step, it would be possible to apply
CRI (Check, Review, Improve) approach on objectives related to improving efficiency of the organization through BSC perspectives, to measure,
analyze and improve the level of implementation.
In practice, CHECK refers to analysis of annual
financial statements. Drivers of improvement are
defined by establishing cause-effect relationships
of financial with non-financial performance in BSC
perspectives and this stage can be defined as a phase
of REVIEW. At the end of the spiral, continuous
IMPROVEment must be implemented in the definition of business objectives for the coming period.
Achievement of these goals is possible through
cost control in the sense of achieving better results
with the same or lower costs. Satisfying requirements includes efficiency improvement. Continuous improvements through application of modern
methods and management techniques of “total
quality” philosophy are measured, analyzed and
improved using the system of activity based costing (ABC system).
Making reasoned management decisions can
only be based on facts, so parallel application of
several cost systems becomes a necessary condition of efficient management and measurement,
analysis and process improvement. This highlights the importance of ISO 9001:2008 standards
and process approach to management of the organization and implementation of continuous improvement. The ultimate aim of QMS processbased approach is continuous improvement. ABC
system of monitoring costs, and other modern
methods and techniques of cost management (FCVolume 7 / Number 4 / 2012
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Feature Costing, Total Product Life Cycle Costing-TLCPS; Target Costing-TC; Kaizen CostingKC; Take back Costing-TBC...) are a prerequisite
to satisfying the requirements of ISO 9000 standards, as detailed in sections 5, 6, 7 and 8 of [10].
The key success factors of HET would be:
– 1. Quality and motivating HR policy in the
organization.
– 2. New investments and increase of capital
value.
– 3. Continuous improvement of efficiency
through reduction of negative deviations
of realized CK in relation to the price
recommended by RERS to maximum 10%.
Analysis of financial position of HET has shown
opportunities to increase efficiency in managing
costs. The hypothesis that BSC method facilitates
measurement, analysis and performance improvement in organization is confirmed. The facts that
HET has been certified under the requirements
of ISO 9001, ISO 14001 and OHSAS 18001 and
that finance department started using Financial
Management Information System (FMIS-SAP) in
2011 are encouraging. What remains to be done in
the future, is the choice of measurable objectives
and their constant improvement through CRI-method (checking, reviewing, improving), thus continuously improving organizational effectiveness
of HET.
The most important usage of the performances
management are the following:
– better and with more quality planed goals
accomplishing (it is very common to go
over planed goals)
– faster and better decision making
– all employees are focused on organization’s
goals
– management and employees have more
self-respect and motivation. [11]
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Abstract
This paper presents an integral equation method as applied to determine the current density
distribution in a system of arbitrarily many parallel conductors with sinusoidal currents. It was
assumed that the transverse dimensions of the
system are much smaller than the corresponding
wavelength. To illustrate the general theory a few
examples are considered. The obtained results are
compared with the existing ones, in cases when
the latter were available.
Key words: integral equation, current density
distribution, parallel conductors, resistance ratio
1. Introduction
It is known that the current distribution over
the cross section of a single cylindrical conductor with time-varying current is not uniform - the
current tends to concentrate near the surface of the
conductor. This phenomenon is known as skin effect. One of the consequences of this effect is an
increase of Joule losses.
If additional conductors are present, the situation
becomes more complex, since the current distribution in each conductor is additionally influenced by
the currents in all other conductors. This is what is
called proximity effect. It also increases Joule losses.
An analysis of the combined skin and proximity effect, i.e. the determination of the current distribution in a system of several parallel conductors
with time - varying currents is very involved since
it requires solution of a system of differential or
integral equations. There are very few cases where
a solution of this system can be found in a closed
form, so, in practice, we are restricted to looking
for approximate solutions.
1480

One of powerful methods for determining the
current distribution in a system of several conductors with sinusoidal currents is the method of
integral equations, where the current densities are
described by a system of integral equations. First
such equation for a single cylindrical conductor
was derived by Manneback [1]. Using this equation he solved in a closed form the problem of
the current distribution in a solid round conductor influenced by a filament. In the same paper he
also derived a system of two integral equations
for the determination of the current distribution in
two parallel cylindrical conductors. Using Mannebeck’s equations Dwight [2] , considered some
systems of two or three conductors of various cross
sections and gave some exact and approximate solutions for current distribution. Both Manneback
and Dwight used successive approximations for
solving integral equations.
In this paper we adopt the method of integral
equations for determining the current distribution
in a system of n parallel cylindrical conductors
with sinusoidal currents. Briefly, the method for
finding an approximate solution of the system of
integral equations that describe the current distribution consists in two steps:
– Step 1 - The current density in each
conductor is assumed to be a linear
combination of some simple basic functions
(e.g. polynomials, trigonometric functions
etc.) with unknown coefficients.
– Step 2 - The so represented current densities
are substituted into the system of integral
equations, and then the point matching
method is applied to find the unknown
coefficients. Namely, each of the equations
is satisfied in a sufficient number of points
Volume 7 / Number 4 / 2012
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(2.1) is not met, we can aditionally introduce, at a
sufficiently large distance, another conductor with
a proper current, that would make (2.1) fulfilled
(with n replaced by n+1).
Now, we state the problem we are going to deal
with.
Problem formulation - It is required to determine the current distribution over the cross sections of all conductors.
First, we choose for each conductor a local coordinate system (which can be either cartesian or
polar). By generalizing the case n=2 from [1], we
can write for the current densities the following
system of n integral equations

of the conductor cross section, which gives
a system of algebraic equations in the
unknown coefficints.
The method is illustrated with a few examples,
and the results are compared, when it was possible,
with the existing results obtained by other methods.
We close this introduction by listing some
other possible methods for solving the problem of
current distribution - boundary integral equation
formulation [3] - [4], the use of modal functions
[5], differential equation approach in terms of the
magnetic vector potential [6] - [9], etc.
2. General theory

k2
J i (Pi ) =
4p

Let us consider a system of n parallel conductors of arbitrary cross sections (Figure 1), having
specific conductivity s and permeability m0. The
conductors carry sinusoidal currents of angular
frequency w, and the complex rms values of the
currents are I1, I2, . . .,In.

n

∑∫

k =1 S k

 P P'
Jk P l n i k

 D

( )
'
k

2


 d S ' + K , i = 1,2,..., n
k
i



...................................... (2.2)
where
k 2 = j w m 0 s .......................... (2.3)
Ki (i=1,2,...,n) are some unknown constants, Sk
is the cross section of conductor “k”, PnÎSn is a
field point where the current density is to be found,
Pn’ ÎSn is a source point, and the integration in
(2.2) is performed with respect to the primed coordinates. The value of D (length) is arbitrary, since,
by virtue of (2.1)
n

Figure 1. System of n parallel conductors of arn
bitrary cross sections
J (P ' )l n D 2 d S

∑∫
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∑ I k = 0 .............................. (2.1)

k =1

The later condition means that we have an nconductor transmission line, which does not introduce an essential limitation. Namely, if condition

( )

k =1

n

( )

'
k

= l n D 2 ∑ J k Pk' d S

'
k

= l n D2 ∑ Ik = 0

k

= l n D 2 ∑ J k Pk' d S

k

It is assumed that the transverse dimensions of
the system are small compared to the corresponding wavelength and that the currents satisfy the
following condition
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∑∫ ( )

J k Pk' l n D 2 d S

k =1

'
k

n

k =1

Note: If one of the conductors, say the one
indexed by “m”, has a negleagible cross section
(thin linear conductor, current filament), then the
corresponding terms on the right-hand side of the
system (2.2), reffering to conductor “m” take on a
simplified form

∫
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...................................... (2.4)
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2.1. Solving the system of integral equations
for current densities

Mi

J i (Pi ) = ∑∑ a (mi )n ϕ m n (Pi ); i = 1,2,...., n
m

n

...................................... (2.5)
where a (mi )n are unknown coefficients that have
to be determined.
If the double summation in (2.5) is infinite, it is
possible, in some cases, to find the exact solution
of the system (2.2). One of these cases is considered in [2], [10] where the system of a thin tubular
conductor and a filament is considered. Another
example is a system of a solid round conductor
and a filament, analyzed in [1], [11]. However,
there are very few such cases, so that, generally
we should look for approximate solutions of the
form (2.5), with finitely many terms.
By supstituting (2.5) into (2.2), the following
system of equations is obtained
Mi

Ni

∑∑ a ( )

i
mn

m =0 n =0

k2
a (mi ) n ϕ m n (Pi ) =
4p

n

Mi

ϕ m n (Pi ) =

k2
4p

Ni

∑∑∑ a (mk )n ∫ ϕ
k =1 m = 0 n = 0

Sk

mn

n

Mi

Ni

∑∑∑ a ( ) ∫ ϕ
k =1 m = 0 n = 0

mn

(Pi ) d S i ,

Si

i = 1, 2, ... , n ........................ (2.7)
Condition 2 - Point matching
We stipulate that each of the equations in the
system (2.6) be satisfied at a sufficient number of
points of the conductor cross sections. More precisely, the first equation (i=1) is to be satisfied at
(M1+1)( N1+1) points of the cross section of conductor 1, the second - at (M2+1)( N2+1) points of
the cross section of conductor 2, etc. By applying
conditions 1 and 2, the systems (2.6) and (2.7) (after evaluating the integrals) turn into a system of
algebraic equations, from which the unknown coefficients a (mi ) n and the constants Ki can be found.
Once the coefficients a (mi ) n are known, the current
distribution in all conductors is determined by (2.5).
2.2.2. Resistance ratio Rac/Rdc

 D 



where we have n unknown constants Ki
(i=1,2,...,n), and (M1+1)(N1+1) + +(M2+1)
(N2+1)+... + (Mn+1) (Nn+1) unknown coefficients

a m(i )n . The necessary number of equations required
for determining these unknowns can be obtained
from the following two conditions.
Condition 1 - Currents flowing through the
conductors are known.
From this condition we obtain n equations

1
sS

R (dk c) =

2


 d S ' + K , i = 1,2,..., n
k
i



i = 1, 2, ... , n ........................ (2.6)
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mn

When the current distribution is known, an important parameter - the a.c. to d.c. resistance ratio
Rac/Rdc is readily found. This parameter indicates
the extent to which the power losses are increased
due to skin and proximity effects. For an arbitrary
conductor,
for example the one indexed by “k”, we
2
' 
 Pihave
P
'
'
(per
unit
k
(P k )l n   d S k + K ilength)
, i = 1,2,..., n

Sk

 P P'
l n i k

 D

(P )
'
k

k
mn

m =1 n =1

Si

We seek for a solution of the system (2.2) in
the form of finite, or infinite, linear combinations
of some simple basic functions ϕ m n (P i ) (e.g.
polynominals, trigonometric functions etc.) of two
variables (x,y or r,q)

Ni

I i = ∫ J i (Pi ) d S i = ∑∑ a m(i )n ∫ ϕ

........................... (2.8)
k

On the other hand (also per unit length )
1
R

(k )

ac

=

Pk
Ik

2

=

∫ J (P )
k

s

k

2

dS

Sk

2

∫ J (P ) d S
k

S

k

k

.......... (2.9)

k

k

From (2.8) and (2.9) the resistance ratio is
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R ac
(k )

Rdc

∫ J (P )

Sk

(k )

k

2

dS

Sk

=

2

∫ J (P ) d S
k

S

2

1
2
3. Examples

k

k

............. (2.10)

(P P ) = 2 a
1

'
2

1

2

' 2
1

(P P ) = D

k

k

(P P ) = D
'

k

2

2

[1 − cos (q − q ')] = 4 a 2 sin 2 q − q '

2
...................................... (3.2)

2

+ 2 a 2 − 2 a D (cos q + cos q ') + 2 a 2 cos (q

+ 2 a 2 − 2 a D (cos q + cos q ') + 2 a 2 cos (q + q ') ...................................... (3.3)

3.1. Two identical tubular cinductors
Geometry of the system under consideration is
shown in Figure 2. The radii of the conductors are
a, their thickness – d (d << a) and the distance
between the conductor axes – D. Two equal sinusoidal currents of angular frequency w and of rms
value I flow through the conductors in the opposite directions. Since d << a, we may neglect the
radial dependence of the current density, i.e. it is
a function only of the polar angle q. Thus, in this
case, the problem is one-dimensional.

3.1.1. Approximate solution of the integral
equation
To find an approximate solution of eqn. (3.1)
we folow the procedure explaned in the general
theory.
It is convenient to seek for an approximate solution of eqn. (3.1) in the form of a finite Fourier
series
M1

J 1 (q ) » ∑ a m cos m q .................... (3.4)
m =0

Figure 2. Two parallel identical thin tubular conductors with equal opposite currents
In

the

system

(2.2),

we

take

n=2,

where am (m=0, 1, 2, ..., M1) are unknown coefficients. Only cosine terms are taken, since, by
simmetry the current density should be an even
function of q. After substituting (3.4) into (3.1) we
obtain
2

2p
2p
M1
 P1 P1' 
k 2 a d  M1


a
m
a
m
l
n
cos
q
cos
q
'
d
q
'
a
=
−
∑ m
∑ m∫
∑ m ∫ cos m
 D 
4 p m =0
m =0
m =0
0
0



M1


2p
p
M
 P1 P1' 
 P1 P2' 
d S 1 =M d S 2 = d S =k 2aadd dMq ' , 2and
the arbitrary




 + K 1 ............... (3.5)

a
m
a
m
l
n
cos
q
cos
q
'
d
q
'
a
cos
m
q
'
l
n
d
q
'
=
−
∑Dmis taken to coincide
∑ m ∫ the distance
∑ m∫
length
 D be
 D 

4 p m =0 with
m =0
m =0
0
0





tween the conductor axes. Furthermore, due to the
2

1

1

mirror symmetry J 2 (q ') = J 1(q ') , so the first of
the equations in the system (2.2) suffices

2

2

1

Thus, the system of equations (2.6) is in this
case reduced to one equation.

2
To obtain2 the unknown
coefficients a m (m=0,
2 p

2p
 P1 P 1' 
 P 1 P '2 
k 2a d 
1,
2,
...,
M
)
and
the
constant
K1, we apply the two
 d q ' − J (q ') l n 
1 d q ' + K
J 1(q ) =
J 1 (q ') l n 
1
1
∫
∫




 general theory.
conditions
4p  0
D
D from the
0





 current I is known):
Condition 1 (The

2p
P1 P 1' 
d q ' − ∫ J 1 (q ') l n
D 
0


 P 1 P '2

 D


2


 d q ' + K .............. (3.1)
1





where
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I = ∫ J1 d S =
S

2p

∫ J (q )⋅ a ⋅ d ⋅ d q
1

0

'

'

M1

2p

m =0

0

= a d ∑ a 0 ∫ cos m q ' ⋅ d q

I = 2p a d ⋅ a 0

...................................... (3.6)
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Condition 2 (Point matching):
We stipulate that eqn. (3.5) be satisfied at M1+1
equidistant points q1, ..., q N+1 on the segment [0,
p]. This results in a system of M1+1 algebraic
equations from which the unknown coefficients
a m (m = 0, 1, 2, ..., M1) and the constants K can
be found.

3.2.1. Approximate solution of the system of
integral equations
Again, we apply the procedure from the general theory. In this case we also seek for approximate
solutions of the system (3.8) in the form of three
finite Fourier series
Mi

J i (q ) » ∑ a (mi ) cos m q + b (mi ) sin m q , i = 1, 2, 3

3.1.2. Resistance ratio Rac/Rdc

m =0

Once the current density is known, we can
evaluate the resistance ratio. Formula (2.10) in
this case becomes
Ra c
Rd c

2

1 M1 a m
= 1+ ∑
.................... (3.7)
2 m =1 a 0 2

...................................... (3.9)
where am(i ) (m = 0, 1, 2, ..., Mi) and bm(i ) (m = 1,
2, ..., Mi) are unknown coefficients. After substituting (3.9) in (3.8) we obtain a system of three
equations
Mi

3.2. Three-phase system of identical thin
tubular conductors
Mi

∑ a ( ) cos m q + b ( ) sin mq =

m =0

i
m

i
m


2p
 Pi Pk'
k 2 a d  ? M i (k )

a
cos
m
q
'
l
n
=
∑∑ m ∫
 D
4p  k =1 m =0
0



2

2p

 d q ' + b (k ) sin m q ' l
m ∫

0


Geometry
this
is shown
a (mi ) for
cos m
q +case
bm(i ) sin
mq = in Figure 3.
∑
The radii
m = 0of the conductors are a, their thickness –
2
2
d (d << a) and
the
between the conductor

 ?distance
2p
2p
' 
' 
2
Mi


P
P
P
P
k
a
d
(k )
axes – D.
form
a three-pha i k  d q ' + b (k ) sin m q ' l n  i k  d q ' + K , i = 1,2,3
∑∑ acurrents
cos
m
q
'
l
n
= The conductor
m ∫
m ∫
i
 D 
 D 2 p

4p  k =1 m =0
0j 2 p
0




−
+
j

3
3
se system I 1 = I, I 2 = I ⋅ e
, I3 = I ⋅ e
.................................... (3.10)

The last step consists of applying the two conditions from the general theory to obtain the unFigure 3. Three-phase system of identical thin tubular conductors
The system of integral equations (2.2) in this
case becomes
2p

( )

known coefficients am(i ) , bm(i ) and Ki.
Condition 1 (The currents are known):
I=

2p

( )

N

2p

0

0

'
'
'
'
∫ J 1 q ⋅ a ⋅ d ⋅ d q = a d ∑ a n ∫ cos n q ⋅ d q = 2 p a d ⋅ a
0

2p

N

I = '∫ J21 q ' ⋅ a ⋅ d ⋅ d q ' = a d ∑ a n ∫ cos n q ' ⋅ d q ' = 2 p a d ⋅ a (01)

Pi Pk 0
k ad
0
0

(
)
J i (q ) =
J
q
'
l
n
d q ' + K i , i = 1, 2, 3
∑
k
∫
 D 
2p
4 p k =1 0
−j


I e 3 = 2p ad ⋅ a 0(2 ) ....................(3.11)
i = 1, 2, 3 ............................ (3.8)
2p
2

3 2p

Ie

where the distances P i P 'k (i, k = 1, 2, 3) can
be readily found from Figure 3.
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+j

3

= 2p ad ⋅ a (03 )

Condition 2 (Point matching):
We take that each of eqns. (3.10) is satisfied at
(Mi+1) (i=1,2,3) equidistant points q1, q2 , ..., qMi
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on the segment [0, 2p], respectively. By applying
these two conditions we end up with a system of
algebraic equation from which we find the un-

2

 P1 P1' 
k2 
 d x ' d y ' − J ( D − x ' , y ')
J 1 ( x, y ) =
J 1 ( x ' , y ') l n 
∫
∫ 1


4p S1
D 
S2



Ki
known coefficients a (mi ), b (mi ) and the constants
2
2

' 
2 
 P1 P2' 

P
P
k
(i=1, 2, 3; m=1, 2, ..., Mi)
1
1
 d x' d y ' + K
 d x ' d y ' − J ( D − x ' , y ') l n 

(
)
J 1 ( x, y ) =
J
x
'
,
y
'
l
n
1
1
∫ 1
 D 
 D 

4p  S∫1
S2






3.2.2. Resistance ratio Rac/Rdc
.................................... (3.13)
After determining the current densities Ji(q)
(eqns. (3.9)) the resistance ratio for the three conwhere
ductors is found by (2.10), which in this case be2
comes.
 P P '  = (x − x')2 + ( y − y ')2 , (x' , y ') Î S ....... (3.14)
1 1
1


R (ai c)
R (di )c

1 Mi a
= 1+ ∑
2 m =1

(i ) 2
m

(i ) 2
m

+b

a 0(i )

2



2

 P P '  = (x − x')2 + ( y − y ')2 , (x' , y ') Î S ....... (3.15)
2
 1 2

, i = 1,2,3 .... (3.12)

3.3. Two identical conductors of rectangular
sross section
Figure 4 shows the cross section of a system
that consists of two conductors of rectangular
cross section, having dimensions a and b. The distance between the conductors axes is D, and two
sinusoidal currents of rms value I and angular frequency w flow through the conductors in the opposite directions.

Note: If the currents flow in the same direction,
the minus sign in eqn. (3.13) should be replaced
by a plus sign.
3.3.1. Approximate solution of the integral
equation
To solve approximately eqn. (3.13), we again apply the general theory. An approximate solution is
sought for in the form of a finite double power series
M

N

J 1 ( x, y ) » ∑∑ a m n x m y 2 n ............. (3.16)
m =0 n =0

where a m n (m = 0, 1, 2, ..., M; n = 0, 1, 2, ...,
N) are unknown coefficientes. Only even powers of
y are taken since, by symmetry, the current density
should be an even function in y. When (3.16) is substituted into (3.13) the following equation is obtained
Figure 4. Cross section of a two wire line with
conductors of rectangular cross section
In theM Nsystem m (2.2),
we take n = 2,
a mn x y2n =
∑∑
d S1 = d mS=20 n==0 d S = d x' d y ' . Due to symmetry
2
J 2 (x, y ) = J1 (D2 − xM, y )N, so we need to consider
 P1 P1'  only
k 
m
2n


= the equations
the first of
∑ ∑ a m n(2.2)
∫ x' y ' l n  D  d x' d
4p  m =0 n =0
S



1
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2

M N
 P1 P1' 
k2  M N
m
2n
 d x' d y '− ∑ ∑ a
=
a m n ∫ x' y ' l n 
∑
∑
m n ∫ (D
 D 
4p  m =0 n =0
m =0 n =0
S1
S2



2

M N
 P1 P2' 
m
2n


y '− ∑ ∑ a m n ∫ (D − x') y ' l n
d x' d y ' + K 1
 D 

m =0 n =0
S



.................................... (3.17)
2
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The unknown coefficients amn which determine
the current density (3.16) and the constant K1 are
found by applying the two conditions from the
general theory.
Condition 1 (The current I is known):
M

N

I = ∫ J d S = ∫ J ( x, y ) d x d y = ∑∑ a m
S

M

= ∫ J ( x, y ) d x d y = ∑∑ a m
m =0 n =0

S

m =0 n =0

S

N

n

∫x

m

n

∫x

m

y2 n d x d y

S

y 2 n d x d y ............. (3.18)

S

Condition 2 (Point matching):
We satisfy eqn. (3.17) at (M+1)(N+1) points
(xk, yk), xkÎ(-a/2, a/2), ykÎ(0, b/2).

Figure 5. Normalized current density in tubular
conductor 1 from Figure 2 versus the polar angle q

3.3.2. Resistance ratio Rac/Rdc
When the current density J1(x, y) (eqns. (3.16))
is known, the resistance ratio is determined by formula (2.10).
Note: A special case of rectangular conductors
are strip conductors (a<<b, or b<<a in Figure4). In
the case of strip conductors the problem of determining current distribution becomes one-dimensional - it was previously analyzed in [12].

rameter p =

4. Numerical results
Figure 5 depicts the normalized current density
J1 (q) J1 (0) versus the polar angle q for tubular
conductor 1 (section 3.1, Figure2) for diferent values of the distance D between the conductor axes.
It was taken a = 5cm, d = 5mm, s = 57×106S/m
and f = 60Hz.. The dashed line is the corresponding curve from [4] (for D = 20cm).
From (3.7) we calculated the a.c. to d.c. resis-

tance ratio versus parameter p =

wm 0
for difp R dc

ferent values of distance D. The corresponding plots
are shown in Figure 6., for a=5cm and d=5mm.
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Figure 6. a.c. to d.c. resistance ratio versus pa-

wm 0
. Distance D is taken as a
p R dc

parameter.
We have been able to compare one particular

'
'
result for Ra.c. Rd .c. with the corresponding one

of Dwight [2]. For D/a=4 and l2 = pfm 0sad = 1
Dwight obtains Ra' .c. Rd' .c. = 1,0685 . Our results
for D=20cm, a=5cm, d=5mm, s=57×106 S/m
and f=17.8 Hz (which corresponds to l2=1) is
Ra' .c. Rd' .c. = 1.06847 .

Figure 7 shows the normalized current densities in conductors 1, 2 and 3 in the three phase
system from Figure 3 versus the polar angle q.
The current densities are normalized with respect
to the average value I/2pad. It was taken a = 5cm,
d = 5mm, D = 20cm, s = 57×106S/m and f = 60Hz.
Our graphical results are indistinguishable from
the ones given in [4].
Volume 7 / Number 4 / 2012
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Figure 9 shows the a.c. to d.c. resistance ratio
versus parameter p =

wm 0
, for different conp R dc

ductor distances.

Figure 7. Normalized current densities for the
three phase system of thin tubular conductors
from Figure 3
Power losses in the three conductors are calculated as: P1=1.11015 , P2=1.37983 and P3=1.09642.
There are normalized with respect to the power
losses without proximity effects. Cao and Biringer
[4] give the following values P1=1.116 , P2=1.396
and P3=1.100.
Figure 8 a) shows the current distribution for
the system from Figure 4, i.e. the lines of equal
magnitudes of the current densities. It was taken a
=1cm, b=4cm, D=2cm, f = 50Hz, s=57×106 S/m
and M = N = 4. The same distribution obtained by
implementing the programming package FEMM
4.0 (Finite Element method magnetisc) is depicted
in Figure 8 b).

a)
b)
Figure 8. Current distribution in two conductors
from Figure 4

Volume 7 / Number 4 / 2012

Figure 9. Resistance ratio Rac/Rdc for the system
from Figure 4 versus parameter p =

wm 0
p R dc

for different values of D(cm)
The case when the currents flow in the same
directions is considered in [13], and the results for
the resistance ratio are compared with the results
given in [6].
Conslusion
In this paper we presented an integral equation method as applied for determining of the current density distribution in a system of arbitrarily
many parallel conductors with sinusoidal currents.
It was assumed that the transverse dimensions of
the system are much smaller then the corresponding wavelenght. A few examples are elaborated to
illustrate the general theory. The obtained results
are compared, when it was possible, with some
available results, and a good agreement was exhibited. Advantages of this method include conceptual simplicity, absense of boundary conditions
and easy numerical implementation.
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Design principles of media facade
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Abstract
The latest socio-cultural models of society and
city functioning require modern design approaches and façade construction, that is – the space is
not to be regarded as “objective reality”, but, being the fourth dimension regarding the context of
time, it is incessantly changed. Studying the influence and appearance of media within world practice led to the following finding – there is neither
specific guidelines dealing with this field at the
level of design nor beforehand consideration, preprogrammed media introduction to architecture.
Knowledge operationalization (putting into design function) and defining the principles of design and media façade construction, aimed at improving the quality of urban public space through
full integration of various media into architecture,
reaching the urban scale, is of significant importance for establishing certain quality within architectural design and practice.
The set principles can be applied to the process
of designing completely new structures, as well as
to the processes of transforming the already existing facades. The goal of establishing the design
principles is to facilitate and direct the process of
designing the structures whose integral part is the
use of media facade.
Key words: media façade, interdisciplinary
design, LED technology
1. Introduction
In recent decades, the architecture development has kept pace with the changes in design and
façade construction of architectural structures.
Mediaarchitecture exerts significant influence on
identity change of modern cities; thus, media façades can be seen as one of defining identity forms
and position significance in public city space. One
of important changes in the 20th century architecture is “dematerialization” and transformation of
house sheath. The sheath of house, or Miles van
der Rohe’s “skin” is transformed into outer layVolume 7 / Number 4 / 2012

er of intelligent multisensory system that can be
adapted and modified in accordance with the information received from external or internal space.
Various interpretations deal with basic prerequisite to be met so that a facade could be considered
as media facade. As for Hank Hasler [1], dynamism and variability in the appearance of façade
are regarded to be the most important. Some other
theorists, such as Alexander Val [2] see the possibility of transposing messages (communicability) as
the sole prerequisite. Also, some architects find the
use of artificial light to be necessary, pointing out
that kinetic façade is also façade – which represents
their misconception. The most comprehensive definition of media facade is that the facade is specific
in both functional and aesthetic sense and represents the integration of architecture, technology
and composition into a new media of contemporary
art and /or communication performance.
2. The principles of media facade design
A detailed study of mediaarchitecture theory,
together with the analysis of technological opportunities in the sphere of media facade, structural
and functional specific characteristics of media
facades, led to the set of principles or concepts of
media facade design. The principles are seen as
“set of characteristics where the process of their
being realized enables certain design quality, that
is – the interpretation of measure between should
and is”(Nikezić, Z.).
It is rather difficult to define some general principles that would be acceptable and applicable to
all situations. On the other hand, an exaggerated
level of determination would provoke a monotonous and uniform analysis of all situations. Thus,
the principles were set in a rather general way,
since each design case is particular and unique,
and that is why there should be enough space
available so that the process of designing could be
developed freely and not too directed. The basic
principles to be satisfied, or in other words - “a
1489
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minimal set of standards” that is supposed to be
included in a well-designed media facade are as
follows:
a. technological adequacy (in accordance with
the changeable and unchangeable variables)
b. integration of media elements
c. visual façade changeability
d. sustainable energy
e. communication with environment
f. development stimulation
g. authenticity and original expression
h. protection of existing architectural values,
when the transformation of old buildings’
facades is carried out
a. technological adequacy
As for its technical characteristics (resolution,
number of frames, etc.), size, shape and technology, media facade should be based in compliance with the set of incoming changeable and unchangeable variables for each case that arises.
Unchangeable variables include: cloudiness/
insolation at the site, function of a structure and
demands regarding lighting comfort, environment temperature (minimal and maximal values),
air pollution degree, structure orientation in relation to cardinal points, ideal distance for facade
perception, observation angles, influence of surroundings, context, phase in which a structure is
designed (a new-designed or an old one).
Changeable variables include: type of facade,
shape and spatial element of a structure, position
of media facade within a structure, facade dimension, functioning mode, media presentation forms,
media contents presentation, media contents types
and motivation, required resolution, desired programming, facade construction, available budget.
b. integration of media elements
Integration of media elements, along with the
form, function and construction of facade represents a significant characteristic, which is necessary to be performed since it is an inevitable part
of media facade [3]. A full integration of media
and information technologies with architecture
within an urban context is an entirely new communication form, an art form that is supposed to
attract numerous different professions, apart from
architects.
1490

c. visual facade changeability
Visual changeability, or constantly changeable
perception, is one of the main prerequisites of media
facade. Digital control of facades through specific
programming enables a dynamic component in the
perception of media facade. Facade changeability is
significant from the aspect of movement within an
urban area, since it provokes certain psychological
effects that influence the movements in it. Moving
through the urban space, whether by car or on foot,
is determined by the changes of visual sequence a
pedestrian, passer-by or beholder is exposed to.
d. sustainable energy
The principle of energy-efficient architecture
and the usage of renewable energy source is desirable to be included into the process of mediaarchitecture design, especially when taking into
consideration the fact that energy consumption is
significantly higher in case of media structures,
during the exploitation process, than in casew of
non-media structures [4]. As for ecological characteristics of entire building one should discuss the
possibility for a facade layer to become a potential
generator of electrical energy that can be used for
media facade operation or a system stimulating
less consumption of electrical energy.
e. communication with environment
Media facade is aimed at creating various types
of dynamic communications, usually through digital media. Mediaarchitecture is a medium (communication carrier). In order to perform communication, media message on a facade is supposed
to carry out some of the exchange forms - “urban
dialogues or monologues”, depending on the goal
to be achieved [5]. The communication that dominates the area should be the result of the latest
technologies, established urban and architectural
space and active participation of users through
different social relations aimed at improving the
already existing ones.
f. development stimulation
Due to its virtual, ephemeral nature and contents, media facade is an ideal way to initiate various stimuli within an urban area. Firstly, these are
the stimuli meant for improving the quality of the
built space, new forms, attractiveness, etc. Then,
numerous spatial activities are to be stimulated
Volume 7 / Number 4 / 2012
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as well (gatherings, social interactions). Also, we
should not neglect the incentives dealing with
the development of the entire city parts and active taking part in city or a brand promotion (urban or brand identity). Media facade should be an
enabling element for commercial and marketing
development factors, entertainment, cultural and
art development as well as a possible means of expanding the range of information spread.
g. authenticity, original expression
Taking into consideration technological diversity in the section of media facade development, a
structure having media facade is supposed to reveal
some specific ways a certain technology is applied.
One should strive for reaching the architectural
structure authenticity in comparison to other architectural design concepts; thus, researches on the
subject of specially designed media facade systems
for the particular demands of a structure should be
priority, in accordance with financial resources.
h. protection of existing architectural values
(during the transformation of old buildings)
In contrast to design of new architectural media
structures, old structures transformation and remodelling include another significant, maybe even
the most important principle of all the mentioned
ones – protection. This principle implies a respectable attitude toward the existing architectural values of a certain structure, without performing any
harmful activity and change unless there is an official approval by the author or competent professional services.
As for the design and constructive aspect, it is
of high importance to harmonize new elements of a
facade with the existing facade, by providing all the
necessary comfort conditions of a new structure (visual and light), mechanical, fire resistance, security
and stability, etc. Static stability and bearing capacity of the existing structure is of crucial importance.

possibilities to be dealt with, and one of them is to
implement media contents into the architecture of
existing structures.
The outcome of façade reconstruction should
be seen as creating a balance between commercial,
architectural and cultural interests and preserving
the authorial value of the existing structures. Revival of old buildings by performing changeable
façade under the constant influence of the latest
incoming information represents a new design issue to be dealt with here and throughout the world
as well, since the global economic crisis has led to
the decline in construction business and the number of new buildings has been decreasing.
The implementation of the previously established principles of design is carried out in the easiest possible way. That is, there is no problem to use
concrete examples in order to check the possibility
of being implemented. The polygon used for this
analysis is the transformation of three important facilities in Belgrade, in the area around the city center.
The position, morphological and functional
characteristics of these structures are dominant on
the main city route Terazije – Slavija. The beginning point of this direction is the square Terazije
with its dominant structure – the Building of the
former Federal Chamber of Commerce, whose
curved shape provides a specific form of the central city area. The second half of this route is the
Slavija square, where the hotel Slavija and its
storey structure represent a significant visual and
compositional end of this route. Belgrade Palace
Tower dominates this area and is one of the most
important landmarks of the city (Figure 1).

3. Implementation of the principles of media
facade design
Remodeling, “recycling” of a building represents a trend that has been present for a long time
in the world. Still, it has not been applied in Serbia
yet. As for the process itself, there are numerous
Volume 7 / Number 4 / 2012

Figure 1. The main city route Slavija-Terazije
and the position of structures along this route
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Taking into account the process of transforming
these structures’ facades, transformation is changing the facade structure. Still, it is not a complete
denial of a former facade, but striving for finding
a proper solution originated from the previous example in order to be modernized by applying the
latest constructive solutions aimed at incorporating the media elements into facade.
Having analysed some direct causes of adapting a structures to the new facility requirements,
the facades of buildings can be subject to discussion on medium and higher remodeling level. The
interventions on the facade layers are the result of
direct causes:
– changed requirements demanded by the
owners of subject premises,
– physical wear and deterioration,
– the needs to incorporate new technologies
into facade, in accordance with the changes
of urban and global context,
– pointing out the visual presence of
architectural structure and making a
conspicuous event within public area.
The suggested transformation models of the
existing facades area based on: theoretical analysis of media facade, observing and validity analysis of existing structures; analysis on creation and
current condition at the level of urban and architectural standards; established principles meant
for media facade design.
The following proposed solutions represent
the illustrations showing the ways to apply design principles. It should be pointed out that some
other solutions and suggestions could have been
presented, based on the same guidelines and in
accordance with design inclinations and creative
potentials.
The Hotel Slavija (Figure 2-4)
The Slavija Square is one of the most important communication hub of the central city area of
Belgrade – seven traffic routes intertwine here. The
Hotel Slavija, built in 1962 in the spirit of geometrical architecture on the architectural model of Miles
van der Rohe. Optimal perception distance is approximately 150m, based on the field observational
analysis, and maximal perception distance is up to
2500m. The angle of perception is 75º. The build1492

ing itself has a recognizible verticality – 18 floors.
The curtain wall facade is divided into parapet and
window bars. Nowadays, the west facade of the
building, oriented toward the Slavija Square, is totally violated by huge billboards having nothing but
commercial purpose and contents.
What is visible and dominant while observing
the building itself, is a dilipidated existing facade,
extremely intense traffic, high level of noise and
pollution, as well as the need for improving architectural qualities of the building itself. One of the
suggested solutions is a radical facade remodeling, in a way that the existing glass facade is replaced by a double facade and the specific division
remains. A double facade, instead of a former single facade, would be the key to numerous abovementioned problems - there would be additional
improvement of thermal comfort, wind protection
on high floors, outdoor lighting.
Interior facade would keep the existing division
into non-transparent parapets and transparent windows. Exterior facade would be filled with multilayer security RGB LED glass. The width of the
space between these two facades is 60cm. It includes
luminous fluorescent ring elements that fit the parapet dimension, curtains and light control devices.
The concept implies a combined design of low
resolution media facade and high resolution facade
oriented toward the Slavija Square. Transparency,
significant for facility functionin, is not impaired.
LED installation could be operating during the
day and night, and fluorescent lightning would be
turned on at night only, due to its slightly lower intensity. Such different approach to facades enables
the process of presenting all kinds of contents, from
video to graphics. It is planned that the auto-active
programming type is to be implemented. Taking
into consideration the ideal distance of perception
(100-150 m), the space between pixels should not
exceeds 50- 75 mm, in order to provide a satisfactory perception of a high resolution façade.
The suggested solution for façade remodeling
includes the principle implementation in the following way:
Meeting the basic principle of media facade design – technological adequacy was verified and it
led to a rather small number of potentially most-optimal technologies meant for a structure itself: luminous elements and LED are integrated into a multiVolume 7 / Number 4 / 2012
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layer glass. The principle of integration is fulfilled
by complete inclusion of the media elements in
facade itself, since it is a complete facade replacement by a new, double facade having integrated fluorescent and LED sources. LED lighting has been
integrated at the highest level possible, knowing the
fact that it is included into a multi-layer glass of exterior facade. The facade day-time and night-time
operation is changeable. LED lighting can be active during the day and night, and fluorescent lighting is active at night. Such combination provides a
totally dynamic appearance of the structure itself.
The facade is given the form of non-material multilayer membrane, and layers overlapping provokes
various changeable images. A new designed double
facade is aimed at reaching a radical energy savings during the life cycle of the building. Thus, the
principle of energy efficiency is actively involved.
By placing moving curtains into the space between
the double facade, room and interior overheating is
decreased. In this way, the quantity of consumed
energy for air-conditioning is also reduced. Fluorescent lighting is to be applied as well, since it does
not heat the space between a double facade. Also, it
can be recycled, it is not harmful for the living environment and it can be used as an additional lighting in interior space. Brand communication is the
base of comunicativeness of this building and its
surroundings. High resolution of a facade oriented
toward the Slavija Square, which is supposed to
provide presentation of all types of contents, is able

to realize a satisfactory communication from both
the point of the square itself and from some remote
point. This is very important for moving vehicles
– it is possible to observe the entire facade as well
as the message on it. As for the position, the Hotel
Slavija is located at one end as the starting point
of a significant city route. It is also a marker of the
area where the commercial attractiveness and strivings for facade leasing have been increasing. Modernization and new technological possibilities and
solutions aimed at creating a brand communication
through architecture, initiate an intensive development of corporative advertizing, controlled in a visual way through architectural medium. The suggested solution meets the principle of stimulation
in the field of economic development of certain
companies, as well as the stimulation and increase
in urbanity level and attractiveness of the whole
square itself, which can exert a positive influence
and arouse interest in order to cease the period of
waiting and start architectural and urban activities.
The architecture of this structure is able to change
the character of the square area significantly, and
also to provide the whole city with a recognizible
appearance, after the model of some wordly known
examples. Since media facade is possible to be perceived from a long-distance point, a high resolution facade can mark the whole area of the Slavija
Square in order to become a recognizable, original
business center of the city. Finally, considering the
life cycle of a structure and its role in the past and

Figure 2. The Hotel Slavija, Slavija (3D model)-active interior facade
Figure 3-4. Active exterior facade
Volume 7 / Number 4 / 2012
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nowadays, the changed conditions of hotel building users in such an important location as well as
the changes regarding the performance that such
a structure should fulfill, the scope of necessary
changes exceeds the importance of facade preservation. The suggested solution should focus on interior facade so that the existing rhythm of division
into horizontal and vertical bars could be protected.
Belgrade Palace (Figure 5-7)
Belgrade Palace was being built in the period
1969-74. godine. Nowadays, its function is also
dominantly oriented toward business and trade.
The surrounding buildings are mostly business
and commerce facilities. The angle perception of
its facade is 100º, optimal distance is 300 m. Maximal perceptive distance is up to 3500 m.
The form of the structure is made by two units
of a lower and larger part of the tower, which is
built along the line of the surrounding structures’
floors (P+4 i P+5), and a higher part of the tower
consisting of 24 floors. The height of this multistorey building represents one of the most important landmarks of Belgrade. What can be pointed out as a specific feature of the structure is its
double approach analyses in terms of angle and
optimal perception distance. Namely, it is possible
to analyze a lower part of the structure in a way totally different from the analysis of the higher one.
The east facade of a lower part of the structure
used to be attractive for the purpose of commercial
leas for billboards. Based on the field observation,
the optimal perception distance is up to 300m. The
perception angle is 15º for distant points and 90 º
for immediate environment up to 80m. The tower
is conceivable from a few kilometers distance. At
night, the building is rather poorly illuminated and
imperceptible. The level of attractiveness of the
entire structure should be raised in order to stimulate urban development not only of this part of the
city but the whole city as well, knowing the fact
that possible visibility exceeds 3000m.
The suggested solution for remodeling the facade of the Belgrade Palace implies the process
of treating the building in two ways, as a result of
volumetrics principle and height of the building
itself. It was planned for all the facades to be medialized by implementing LED line ligh sources,
vertically mounted on the supporting substructure
1494

of the curtain wall on the outside, so that the existing facade division is not disarranged. The facade
is supposed to be operating at night, and remain
unchanged during the day.
Applying a high resolution design to the entire
facility is economically unacceptable. Thus, it was
proposed that only a part of the entrance facade of
a lower unit should be designed as a media facade
having the integrated RGB LED lighting incorporated in the steel grid of high resolution and direct
lighting (mediamesh®). The grid is placed in front
of the existing facade and does not obstruct the
structure functioning. This media facade is supposed to be operating during the day and night.
Two types of programming are planned to be realized – an interactive part using the touchscreen
technology for the part of facade where there is
LED lighting and reactive one meant for all other
facades of the facility. The interactive programming
for a part of the facade is considered to be very important, due to the significant number of visitors
gathering at the plateau and around the fountain in
front of the entrance of this facility. The main objective of the realized interactive programming is
creating an active relationship between user and
building itself as well as improving the perception
of the building within its surroundings. The reactive programming of the entire building implies the
process of activating facade system under the influence of wind speed. The suggested solution for
facade remodeling includes the implementation of
the principles in the following way:
Meeting the basic principle of media façade design – technological adequacy, which has been
tested and proved to be the most optimal technology to be applied on the south-east façade of the
structure, resulted in the integration of LED lighting into a steel grid or multi-layer glass. However,
the sides supposed to undergo the most optimal
medialization of the whole structure is the media
façade having LED lighting integrated into aluminum profiles and animation technology in the raster of façade division. The principle of integration
has been fully achieved. The façades having LED
line lighting include the elements totally integrated
into the façade elements – vertical subconstruction
of the curtain wall; as for the part with LED grid
it was placed in front of the existing facade but it
was fixed to the vertical construction of the curtain
Volume 7 / Number 4 / 2012

technics technologies education management

wall and represents its integral part. The principle of
changeability has been fulfilled in both the form of
changeable operating and facade appearance during
the day (only one facade is active) and night (all of
them are active) as well as changeable appearance
(colour, light, sound) resulted from the process of
presenting a constantly changeable contents. Such
solution does not imply the implementation of the
system for active solar energy usage, but the proposed LED lighting type includes an energetically
most efficient solution regarding the issue of permanence, energy consumption and visual effects in
relation to other sources. Since a rather high level of
integration of media elements and existing facade
has been achieved, the applied technology is not too
complex, does not obstruct the functioning of the
structure, does not increase the costs of electricity
consumption and does not require new systems for
shading, which would be used to prevent the reflected LED lighting from returning to the interior space.
The suggested concept for remodeling the facades
of this facility – implementation of interactive elements into architecture, exerts significant influence
on raising the level of facility communication. The
facade is turned into an interactive means of communication, having a dynamic and changeable form.
Illumination, colour and sound represent the media
supposed to create an interactive media facade. The
latest experience regarding the relations between users, passers-by, structures and public area is manifested through various levels of taking part into media facade presentation and stronger connections

between the lower part of a structure to the street and
ground floor. LED grid that is able to support a high
resolution of the best video recording provides the
presentation of commercial and interactive cultural
and entertainment contents. In this way, the significance of facade space is stimulated and increased in
both commercial and economic terms. It is available
for meeting the needs of the owners of buildings and
all those interested in leasing the offered space, not
only in a physical but also in a virtual sense. Thus,
there are some new conditions available for potential users in order to accept the space in a more satisfactory way. This results in spending more time
inside the facility in comparison to the former situation when the passers-by used spend less time in the
mentioned area.
Visual effect, as a result of the proposed interventions performed on the facade, was achieved by
fulfilling the principle of authenticity and original
expression regarding the process of media facade
design. Emphasing the existance of two volumes
of the structure (a high light and a lower dark) and
avoiding the visual monotony of the structure during the night, creates the effect of a dynamic, accidentaly established order that corresponds to the
daily showing up of the exterior blinds that are always lowered in a different way. Finally, the suggested solution leads to architecture reaffirmation
from the previous past period within the process
of technological modernization and reacts to the
appearance of obstructing that very architecture
while facing the avalanches of “billboardization”

Figure 5-7. Belgrade Palace (3D model)
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of facilities throughout Belgrade. Harmonization
of commercial, marketing and architectural values
initiated an acceptable solution that is respectable to
historical and authorial references.
The Building of the former Federal Chamber of Commerce - Terazije plateau (Figure
8-10)
Terazije represents one of the central city areas in Belgrade. predstavljaju jedan od centralnih
gradskih prostora u Beogradu. It is intersected by
intensive roadways including numerous significant facilities built in the end of XIX and beginning of XX veka – the ones that represent neither
architectural nor stylistic unity. The building of the
former Federal Chamber of Commerce is known
today as a former Department store Belgrade/
Coin, (Street Terazije 15) and it was built in 1959.
What is specific about the building itself is its
curved facade oriented toward the square (r=380
m), at the inherited regulation of this square. Its
size and form makes it the most significant building in the whole square.
The building has two underground levels,
ground floor, mezzanine and eight floors. The
main facade is orthogonal, geometrically divided,
having alternately full parapets wrapped in stone
and window bars. The south-oriented main facade
is perceived at a rather wide angle of 160º, in relation to the geometry of the square itself. Optimal
perception distance is small – it is 40-80 m. The
activities carrying out inside the building (business and commerce) require the interior illumination over 500-750 lux.
The suggested solution meant for remodeling
the structure located on the Terazije square implies
certain changes that are less radical in comparison
to previous two designs. The possibility of presenting art contents and dynamic façade illumination
reveal the need for the functioning of this facility.
The building environment offers numerous content,
aesthetic and stylistic characteristics, which was of
crucial importance for the proposed solution.
The proposed media facade implies appreciation and retention of the original concept of this
facade – that is, conspicuous horizontal window
and parapet bars, or in other words – alternately
horizontal repeating of filled and empty. Media
elements, the system of LED lighting, are inte1496

grated at the back side within perforated stone
slabs. The holes of stone slabs are circular, properly arranged, with the same diameter. The joints
between the slabs are not accentuated. In this way,
it is possible to present both static and dynamic
media displays of average resolution quality. Autoactive programming system was planned to be
applied. The facade is supposed to be operating at
night only. Since the facade is mostly perceived
while passing by, the operating activity of the
facade would not obstruct the system of vehicle
traffic heavily. It means that the speed of image
change on the facade should be in accordance
with the mentioned fact – which is something that
media facade technologists should deal with, and
the colours of the applied illunimation are to be
monochromatic.
The proposed solution for facade remodeling
includes the implementation of the principle as
follows:
Meeting the principle of technological adequacy has been tested and led to the selected
number of potentially most optimal technologies
regarding the chosen building: firstly, LED integrated into plate material, secondly – illumination
technology, thirdly – LED integrated into steel
grids. The principle of integration is completely
fulfilled. The elements needed for media presentation in the form of computer-integrated LED
lighting are placed into the elements of stone filling with vertical bearing sub-construction and fire
protection layer. If media façade does not operate
the appearance of the building is not disturbed,
since the illumination elements are invisible. The
system of active functioning of computer-controlled illumination provides incessant changeability of facade, regarding the appearance and
rhythm. Thus, the operation mode and dynamism
of the environment is consistently supported. This
very solution does not imply the usage of active
solar energy, but the offered type of LED lighting involves the most cost-effective and energetically most efficient solution regarding the needed
investments and effects in relation to other sources. The model of newly designed media façade
does not violate daylight passing into the building,
which means that there are no extra costs regarding the necessary additional illumination inside the
building itself. This would significantly increase
Volume 7 / Number 4 / 2012
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the costs during the process of exploitation. Since
the entire facility can be seen as a huge media display, a high level of communication between the
building and its surroundings is achieved, taking
into account the size and position of the facility on
the square. Media façade was properly designed
so that it can be perceived from the moving vehicles, since it does not include a large number
of details. The design implies the process of presenting artistic and commercial contents in order
to fully place and design them on the facades, or
individually in the form of horizontal bars. In this
way, from the architectural point of view, the visual presence of this insufficiently disposed structure could be intensified. The implementation of
new attractive virtual contents to the square area,
as well as collecting the commercial and artistic
messages, contribute to the increase of the urban
development level of the urban area of Terazije
and the whole downtown, which stimulates the
attractiveness and urban development, since the
number and quality of functions taking place in
the area is rising. This is the way Terazije could be
turned into a real magnet for tourists and visitors,
increasing the level of social integration of various
users. A special unique design and certain adaptation of some previously patented similar elements
(Figure 8) for media facades, makes a newly designed facade solution to be regarded as original
and without excessive technological standardization. Just as it was the case of previous two examples, the protection principle is considered to
be very important, since this is not the case of designing a totally new facility but remodeling and
technological modernization of an old facade. The
offered solution, as it has already been mentioned,
fully supports the existing facade division and applied materials – stone and glass, which means
that the bearing capacity of the original construction cannot be harmed. In accordance with this
principle, illumination technology and LED lighting integrated into steel grids have been rejected.
The only additional and non-material element of
this facade is light and virtual world of media contents, which does not obstruct the functioning of
the business facility.

Figure 8. The stone slabs with LED (a prototype
created at the University in Stuttgart- Fackler A
et al.)

Figure 9-10. The building of the former Federal
Chamber of Commerce, Terazije (3D model)
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4. Conclusion
Digitalization and globalization, being the significant trends, have marked the urban life and architecture of the end of the 20th and beginning of
the 21st century and initiated the appearance of a
new architectural field – mediaarchitecture. So far,
the architectural practice in Serbia has been totally
unaware of such needs and changes. The usage of
aggressive marketing in the field of architecture
as well as intensive dynamism of information exchange with the urban surroundings, often leads to
the situation where the façade of a structure is neglected. The participation of architects in all design
and realization phases is of crucial importance for
the purpose of preserving architectural values.
Forming the set of principles or the set of standards meant for media facade design along with
the analyzing the possibilities for implementing
media facades in the process of old facades remodeling represents a contribution to scientific
and design practice. Stimulating the associations
of all those interested in this very field, as well as
providing the possibility of knowledge exchange
among the potential participants, is the main objective of this paper. Media facade design cannot
be realized without participation and cooperation
of a large number of different professions (architects, electrical engineers, IT experts, business
managers, developer managers, real estate managers, urban designers and planners, media sociologists, psychologysts and culturologysts).
It has been revealed that media facade design can be one of the ways of transforming the
architectural structures ’ old facades, taking into
accout the current situation of global economic
crisis, when one is dealing with numerous issues
regarding the existance and survival of architectural profession and development issues in difficult circumstances.
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Abstract
Bearing capacity of column footings to punching shear in the standing codes is mostly based
on experiments performed on reinforced concrete slabs. The experiments done on footings
have been rare so far, and they were performed
in laboratories, where soil was simulated in various ways. The goal of this research is to perform
punching shear experiments in the circumstances
which are as close as possible to actual conditions
both in terms of the foundations, and in terms of
the soil. This would provide answers to questions
such are: what is the gradient angle of punching
cracks, and what is the distribution of pressures
on the soil like, and what its effects on the bearing capacity of footings to punching shear are.
These parameters are fundamental for the bearing
capacity of footings to punching shear failures,
and there is a large discrepancy between them and
the standing codes. Apart from this, the punching
shear failure mechanism would be determined,
which would indicate the parameters whose influence is dominant in the course of punching shear
of footings. These parameters should be focused
on in the further research.
Key words: Column footing; punching shear;
Reinforced concrete
1. Introduction
The complex stress state near concentrated
load often leads to high shear stresses around that
load, which can produce a nonductile, sudden and
brittle punching failure that was widely investigated at different kinds of structures, and especially
at punching of flat slabs [1]-[6]. The methods for
calculations of punching shear are based on the
experiments done on reinforced concrete plates,
conducted in many places around the world, and
which need harmonization. Considering that beVolume 7 / Number 4 / 2012

havior during the punching shear of column footings is similar to behavior of reinforced concrete
slabs, the codes utilize the same principles, and
most frequently the same expressions for both
cases. The cause of this is the fact that the experiments on reinforced concrete footings, unlike the
experiments on the plates, are extremely rare and
that there were only a few of them since the beginning of the 20th century, where the soil was
simulated in different ways. Most of the researchers avoided performing experiments on actual soil,
because of significant investments and complex
testing organization. Thus, the natural ground was
simulated in the performed experiments in the following ways:
1. Footings were supported by steel springs
2. Uniform reactive load of the foundations
was obtained by the battery of small
hydraulic presses.
3. Some tests utilized linear supports (circular
or rectangular) which produced the same
effect as uniform reactive load of soil.
The goal of this research is to perform the foundation tests in actual boundary conditions and to
answer the following questions:
– What is the gradient angle of punching
cracks?
– What is the pressure distribution on the soil
like, and what are its effects on the punching
shear bearing capacity of the foundations?
– How does the punching shear mechanism
develop?
2. Design Codes
The majority of Design Codes do not make
difference between punching shear of reinforced
concrete slabs and footings, using the same expressions in both cases. Punching shear calculation is performed by comparison of shear stresses
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and concrete shear bearing capacity v in the critical cross-section (Table 2).
Factorized shear stresses v Ed due to the action
of the factorized concentrated force in the column
VEd are calculated as:
v Ed =

VEd

, red

u⋅d

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

Where u is the circumference of control section and d is the effective depth of the footing.
The codes permit for VEd to be reduced for the
part of soil reaction within the control cross section DVEd
VEd

, red

However, the codes are significantly different
in defining of the shape and the position of the
control cross-section, which is presented in the
Figure 1. Concrete shear bearing capacity v is in
various codes calculated as stated in Table 2.

= VEd − DVEd

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

Figure 1. Control cross-sections in the quoted
codes, depending on the effective slab height d
3. Experimental program
Experimental research conducted in 2009 [20]
- [22] envisaged making of a model in situ with
previous preparation of the ground with determined geomechanical characteristics and making

Table 1. Properties of tested column footings (literature data)
Author

Year

Richart[7]

2005 sand in the box
2003
line
1998
line/surface
1987
surface
1981
surface
1981
surface
surface/clay and
1967
sand
1948
spring

Talbot[13]

1913

Hegger and Ricker[7],[8]
Timm[9]
Hallgren[10], [11]
Dieterle and Rostasy[7]
Kordina and Nölting[7]
Dieterle and Steinle[7]
Rivkin[12]

Geometry of footing

Type of load/
support

spring

No.
5
10
14
13
11
6
6

Dimension Effective depth
[mm]
[mm]
square
900
150 to 250
square
760 to 1080
172 to 246
square and circular 850 to 960
273 to 278
square
1500 to 3000 320 to 800
rectangular
1500 to 1800 193 to 343
square
1800 to 3000 700 to 740
Shape

square

650 and 1000

120

149
square and circular 610 to 3000
20
square
1520
(in punching)

200 to 740
250

Table 2. Comparison of code provisions for punching shear stress resistance of the concrete
Eurocode 2 [17]
v = C Rd
C Rd
gc

,c

,c

⋅ k ⋅ (100 ⋅ r t ⋅ f c )1 / 3

2d
2d
³ v min
a EC 2
a EC 2

= 0.18 / g c

- material resistance factor for concrete

k = 1+

200
≤ 2.0
d

r t - flexural reinforcement ratio

aEC2 – distance from the loaded area to the
control perimeter

ACI 318-02 [18]
4

0.083(2 + b ) f c
c


as ⋅d
v = min 0.083(2 +
) fc
b0

0.332 f
c



for interior column;
a s = 30 for edge column;
a s = 20 for corner column
a s = 40

BS 8110-1: 1997[19]
1

v = 0.79 (100r s ) 3 (

1

1

400 4 f cu 3
) (
)
d
25

r s - steel reinforcement ratio
f cu - characteristic cube

compressive concrete strength

d – Effective depth; f c - characteristic cylinder compressive concrete strength; b - perimeter of critical section
1500

Volume 7 / Number 4 / 2012

technics technologies education management

of test specimens - column footings of specified
dimensions and defined characteristics of concrete
and reinforcement. Figure 2 provides a scheme of
the structural assembly used for the experiment.
Assembly consisted of the test frame, test specimens, hydraulic jack, and prepared soil.

Figure 2. Scheme of the experimental setup

3.1. Test frame
The frame with steel plate bottom is laid into
the prepared footing pit, 4.0x5.0 m in base, and
3.0 m deep. Soil material is placed over the bottom of the frame, with dimensions of 3.5x3.5 m
in base; the soil consisted of layers with specified thickness, compacted to the required value of
compressibility modulus.
Truss structure of the frame, as well as its dimensions should provide undisturbed formation
of sliding surfaces in the soil beneath the foundations, should, in the course of loading, the soil failure preceded the punching shear.
This setup allowed foundations testing with
completely realistic boundary conditions in terms
of soil and also comparison and verification of earlier testing results in laboratories with testing in situ.
3.2. Test specimens
The selected footing dimensions are 85x85 cm
at base and correspond to the experiments of Kinnunen and Hegger [7], [8], [11] (for the purpose of
result comparison), and also correspond to the capacity of available measuring equipment (1000 kN).
Dimensions and characteristics of footings, as well
as the arrangement of measuring points of reinforcement strain are given in the Table 3 and Figure 4.
For the construction of the footings a threefraction concrete with maximum grain size of 16
mm and standard Portland cement was used. Concrete compressive strength at the time of footing
testing was obtained from the test cube specimens
having a side of 15 cm, and the standard cylinder
specimens. Their averaged values calculated for

Figure 3. Frame lowered in the pit

Table 3. Achieved characteristics of test footings
Footing Effective Concrete
Rebar Reinforcement
Footing
height
depth
strength diameter
ratio
No.
h [cm] d [cm] fc,cube [MPa]
[mm]
[%]

TI
TII
TIX
TX
TXI
TXII

20
15
12.5
17.5
15
15

17.5
12.5
10.0
15.0
12.5
12.5

38.37
38.37
21.25
21.25
19.29
10.0

8
8
8
8
8
8

≈0.40
≈0.40
≈0.40
≈0.40
≈0.40
≈0.40

Yield stress of
reinforcement
fsy [MPa]

Modulus of
compressibility
MS [MPa]

Ultimate
load
[kN]

570
570
570
570
570
570

54.0/61.2
76.7
48.0
39.5
46.0
37.5

1001/906*
1050
430
656
451
440

During the first test, the column failed at the load of 1001 kN. After a new column was constructed, the footing was punched
through at the load of 906 kN.
**
Footings TIII-TVIII were not broken, as their bearing capacity was higher than the capacity of the equipment (1000 kN).
*
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the cube with side of 15 cm are given in Table 3.
For reinforcement of the footings, 8 mm diameter steel bars were used, and the percentage
of reinforcement was approximately 0.4% for all
footings. The characteristics of used steel were
determined on three samples of used reinforcement. The obtained values were: tensile strength
fsu = 653 MPa, yield point fsy = 570 MPa and corresponding yield strain ε ≈ 2.7‰.
3.3. Soil characteristics
The material excavated from the footing pit was
replaced by river gravel whose particle size distribution is given by Figure 5. Gravel was placed in
30 cm thick layers, and compaction of every layer
was done by vibro-plate. Compressibility of each
layer was controlled by the circular plate test.
The measured average values of the modulus
of compressibility (MS) across the layers were in
the range of 43.3 to 66.7 MPa, which corresponds
to the usual compressibility of subgrade soil. Before each footing testing the compressibility of the
soil beneath the footing was controlled, and it varied between 37.5 MPa and 76.7 MPa for different
footings.

Figure 4. Dimensions of tested footings and position of measuring points of steel and concrete
strains
1502

Figure 5. Particle size distribution curve for gravel
3.4. Testing procedure
Footing is placed on the soil surface and loaded by vertical centric force which is applied by a
hydraulic jack positioned between the steel crossbeam and the footings (Figures 6, 7). For footing
loading, a hydraulic jack with the capacity of 1000
kN was used, applying the load in load steps of 50
kN. The load was kept constant at every load step
until the total consolidation of the ground at that
load was achieved. The consolidation was registered by observing the process of vertical displacements of points at the footing corners and on the
column of the footings. During the experiment, the
following parameters were measured every second:
strains in the reinforcement and in the concrete of
the footings, vertical displacements of the points at
the footing corners and on the column of the footings, intensity of the applied force during loading,
and value of contact pressures beneath the footings.

Figure 6. Experimental setup, general view
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because of that its behavior shows more ductility
in comparison to TII footing. Top surface of the
TII footing is constantly compressed, while at the
TXII footing, on the same place significant tensile
strains were measured.

Figure 7. Experimental setup, detail
4. Measured strains in concrete and steel
Figures 8-11 show strain distribution in concrete and reinforcement during loading of TII and
TXII footings.
Strain distribution in concrete and reinforcement of footings was obtained according to expectations: maximum pressure strains occur on
the top side of the footings in the zone next to the
column, and maximum tensile strains occur on the
bottom side of the footings in the zone beneath the
column. From the load-strain diagram in the reinforcement, one may clearly identify three ranges:
– range prior to onset of cracks in concrete,
characterized by very small strains in
reinforcement and concrete
– range prior to reaching the yield point in
reinforcement, which is characterized by
reduction of the bending stiffness and abrupt
increase of strain in reinforcement,
– Range after reaching the yield point in
reinforcement when strains in reinforcement
show even more prominent non-linearity
and strains in concrete may be tensile as
well.
Footings TII and TXII have the same height
and reinforcement but they differ considerably
in compressive strength (Table 3), which causes
different behavior during loading. TXII footing
has a lower concrete compressive strength, and
Volume 7 / Number 4 / 2012

Figure 8. Reinforcement strain distribution of TII
footing (1’, 2’, 3’ - position of measuring points –
Figure 4)

Figure 9. Concrete strain distribution of TII footing
(1, 2, 3 - position of measuring points – Figure 4)

Figure 10. Reinforcement strain distribution of
TXII footing
(1’, 2’, 3’ - position of measuring points – Figure 4)
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Figure 11. Concrete strain distribution of TXII
footing
(1, 2, 3 - position of measuring points – Figure 4)
5. Measured soil pressure distribution
Arrangement of pressure gauges beneath the
footings is given by Figure 12. As in the earlier
tests done by Farber, Kögler and Schedig, which
were performed on material with no cohesion, the
concentration of contact pressures in the column
zone was also registered here.

Figure 12. Arrangement of pressure gauges
This concentration was rising with the increase
of the applied force, which was the consequence
of the effects occurring in gravel, as well in foundations. Namely, it is known that with the increase
of load, the stress redistribution in soil occurs,
which brings about increasingly higher reactive
pressures beneath the column. Their increase is
also affected by gradual reduction of footing stiffness due to formation and development of cracks
in the concrete and yielding of reinforcement. Development of contact pressures with the increase
of load for TIX footing is given in Figure 13.
1504

Figure 13. Soil pressure distribution for footing
TXII
6. Angle of the punching cone
After the testing of the footing, they were
cut along the axis of symmetry. The clearly pronounced cracks formed the punching cone whose
bottom basis approximately corresponds to a circle while the top base is formed by the cross section of the column. The resulting solid assumes a
shape which is a transition between a truncated
cone and a truncated pyramid. The saw-cuts of the
punching solid for the footings TIX, TII, and TI
are given in Figure 14. It can be observed that this
angle changes with the increase of the static height
of the footings, so for the footing TIX this angle
amounts to around 35°, and for the footings with
the greater structural height, TI and TII, the angle
is approximately 45°.
From the Figure 14 one may also observe that
the angle of the cracks on the left and on the right
side of the column is different, at TI and TIX footings, which clearly indicates presence of eccentric
loading.
In the course of TII footing testing, after reaching the punching force of 1050 kN, the force approximate to the punching force (around 1000
kN) was maintained during some longer interval,
which resulted in the gradual reduction of the
punching cone basis, and in the increase of the
punching cone sides angle. This eventually resultVolume 7 / Number 4 / 2012
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ed with a 55o angle of the left side of the punching
cone for the TII footing.
The observed angles of the punching cone sides
confirm the previous conclusion given by Kinnunen (1983), and Hallgren and Bjerke (2002),
who, on the basis of laboratory tests conclude that
this angle is increasing with the increase of footing
height.

a)

while the compressive strains in the top zone of
the footing start to decrease abruptly. For the TXII
footing this happens at the loading of 200 kN and
marks the onset of punching shear, because the
column starts to “sink” into the footing, creating
the crack at the column-footing joint. The final
punching shear is related to the achieving of the
force corresponding to the yield point in reinforcement or close to it.
At the footings of higher stiffness, the footing
is in the first phase until reaching the yield point
in reinforcement. Only then the strains in concrete start to drop and the column starts to punch
through the footing.
The footing TXII punching shear mechanism
can be observed in the Figure 15.

b)

Figure 15. Vertical displacements at the column
and footing for footing TXII

c)
Figure 14. a, b, c. Saw-cut of sawed footings
7. Punching shear mechanism
Observing the figures 8-11 one may conclude
that the punching shear mechanism of the footing
depends on its stiffness. In more flexible footings
such as TXII, in the first phase, with the increase
of applied force, the tensile strains in reinforcement increase, with the maximum in the zone of
the column, as well as the compressive strains
of the concrete in the top (compressed) zone of
the footing. The second phase commences when
the strains in reinforcement start to rise abruptly,
Volume 7 / Number 4 / 2012

To the load level of 200 kN the settling difference between the column and the footing corner is
small, and then it increases with the onset of the
punching shear. Further on, it can be observed
that footing corner settling is stagnating, while
the column continues to settle with the increase of
applied force until the final punching shear at the
force of 440 kN.
8. Conclusions
The conducted experimental research made
it possible to observe considerable differences
in punching shear of column footings on gravel,
tested in realistic conditions in situ, in comparison
to the earlier researches which were performed
in simulated conditions in laboratories. The most
significant differences are related to higher reg1505
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istered forces of punching shear for the footings
of similar characteristics and to a more intensive
concentration of contact pressures in the area of
footing columns.
On the basis of the results of conducted experimental research and subsequent analysis, the following conclusions can be drawn:
– The largest strain of reinforcement in all
the examined footings are registered at the
measuring points immediately next to the
column or in the column axis
– In the footings which failed by punching
shear, strains in reinforcement reach the
yield point, or they are close to it, so it can be
said that footing punching shear is related to
generation of large strains in reinforcement
– The highest strains in concrete (both
compressive and tensile) were achieved at
measuring points immediately next to the
column, while the remaining measuring points
registered progressive decrease of strain as the
distance from the column increases.
– Pronounced concentration of contact
pressures beneath the column with the
increase of applied force was registered.
This is the reason for achieved punching
shear forces being significantly higher in
respect to the earlier experiments conducted
on foundations in laboratory conditions.
– Concentration of contact pressures is the
result of development of plastic strains
in the footings due to the formation and
development of cracks in concrete and yield
in reinforcement.
– Observed punching cone sides angle in
respect to the horizontal is not constant and
increases with the increase of the footing
height.
The observed significant differences in respect
to the previous “laboratory” research necessitate
further investigations in order to be confirmed on
a large number of samples-column footings tested
in actual conditions.
The number of tested foundations is too small
to allow conducting a more detailed parametric
study on the influence of concentration of contact
pressures and other parameters involved in the
calculation of punching shear bearing capacity.
1506

This provides wide space for further experiments
and research in this field.
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Securing VoIP provider’s network boundary
using Open Source SBC
Petar Krgusic
PTT Inzenjering LLC, Podgorica, Montenegro

Abstract
Protection of network integrity is one of the conditions which VOIP provider has to meet in order
to enable SIP clients to connect on its system. The
usage of SBC (Session Border Controller) is the
most common and most reliable way of protection
of VoIP provider’s network boundary. The subject
of this paper’ analysis is the configuration of VoIP
system extended with open source version of SBC
originally named OpenSBC which is installed on
Vayatta firewall. Conducted tests of previously
mentioned configuration should confirm the justification of expectations that the issue of safe connection of SIP clients can be implemented without
additional investment into expensive SBC devices.
Key words: Session Border Controller, Firewall, Open source, Call Rate
Introduction
While making the choice of technical solution
of the platform for providing the service of voice
transfer over the IP protocol based network, apart
from technical issues, the price of selected configuration plays a significant role. Comprehensive solutions with majority of functionalities from this area
are, from the investment point of view, inadequate
for future VoIP provider which is yet to position itself in the telecommunication services market.
In order to enable the connection of SIP clients
to its platform, but at the same time to protect the
integrity of its network at the most reliable way,
VoIP provider needs SBC (Session Border Controller) device and in order of implementing interconnection links with access telecommunication operators at the way that provide all necessary functionality, VoIP provider needs Signaling
Media Gateway (SMG). While SMG don’t have
adequate alternative for implementing above mentioned links, purchasing expensive SBC device for
1508

the purpose of network integrity protection can be
avoid. Configuration which is addressed within
this thesis is the one in which VoIP provider has
a realized interconnection with access telecommunication operator via SMG (E1 links), but has
not conditions for connecting SIP clients from the
protection of its network integrity aspect.
There is a wide range of SBC devices in the
market, which are, among other things, different
according to the functionalities they support but
far end NAT traversal and hidden network topology of VoIP system are the most important of
them and also the main conditions necessary for
enabling SIP clients’ access to that system.
Can open source be a solution? Commercial
usage is an obligation that forces service provider to take care of installed equipment and wrong
choice can pose a greater problem during exploitation than the initial cost of equipment. For this
experiment we used open source software called
OpenSBC utilized with open source firewall
known as Vyatta on the same PC. OpenSBC is a
solution used mostly for protection of PBX devices that establish outgoing traffic strictly through
OpenSBC. The largest challenge during experiment was the fact that VoIP system has to have established internet connection to upstream providers on the one side and on the other side internet
connection toward SIP clients established through
OpenSBC. This means that OpenSBC had completely different environment than is usual for it
so its usage for securing VoIP provider’s network
boundary demanded specific configuration and a
complete test procedures.
The rest of the paper is organized as follows:
in Section 2, we review related work, followed by
the system design in Section 3. In Section 4 we
present the example application of the system. In
section 5 and 6 we present test procedures and in
Section 7 we conclude the paper.
Volume 7 / Number 4 / 2012
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Related work
FreeRADIUS [1] is a server for remote user
authentication, authorization and accounting. FreeRADIUS supports a wide variety of authentication schemes. A user supplies his authentication
data to the server either directly by answering the
terminal server’s login/password prompts, or using PAP or CHAP protocols. In combination with
VoIP system, FreeRADIUS disable unauthorized
clients to access Call server but SIP messages
pass FreeRADIUS without any modification what
means that VoIP provider’s network topology isn’t
hidden at all.
Asterisk [2] is free, open source software that
converts a PC into voice communications server.
Establishing SIP trunk between Asterisk and Call
server enable SIP clients, registered on Asterisk, to
perform calls via VoIP system without any knowledge about route that calls follow behind Asterisk.
Far end NAT traversal is also resolved in this configuration. Asterisk on the other hand has preinstalled a lot of functionalities that are not of interest in mentioned configuration and are spending a
lot of resources so performances for large amount
of traffic are under the question. Since SIP clients
make calls over Asterisk that is not protected for
itself, its IP address can not be hidden and is public to anyone making mentioned calls. This makes
Asterisk vulnerable to hacker attacks and authorization with authentication isn’t enough for protection. Entering into Asterisk configuration enable
insight in SIP trunk established toward Call server
what means that VoIP system isn’t completely
protected with this configuration.
SipXecs [3] is one of open source solutions similiar to Asterisk but without unnecessary functionalities for the purpose of VoIP system protection and with the capability of registering more
clients then Asterisk. SIP trunk toward Call server
and far end NAT traversal are also capable using
SipXecs in configuration as is described in case of
Asterisk but vulnerability stay as the problem.
OpenSBC should be capable to protect the integrity of VoIP provider’s network at the reliable
way but its proper functioning in configuration
with VoIP system has to be completely tested before any commercial usage.
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Configuring OpenSBC and system design
The company whose system we used for analyze
has become a VoIP provider at the end of 2007. The
chosen technical solution is a scalable VoIP solution intended for different users and different types
of use. System is consisted of decentralized internal
multifunctional blocks which in conjunction provide the function of Call server, application server
as well as signal and media gateway. All functional
blocks have been integrated into single and compact
functional whole, providing optimal interoperability in different traffic circumstances, applications
and with CPE network elements. At the moment,
via VoIP system, existing PSTN network subscribers of dominant telecom operator (SMP) are offered
a service of Carrier selection/Carrier Pre – Selection
(CS/CPS). Interconnection link with SMP operator
is realized through 2 E1 links with 30 voice and one
signal (SSN7) channel, while international traffic
is directed towards upstream providers via 10 Mbs
symmetrical internet connection leased with internet provider (ISP1) over wireless link.
Figure 1. shows described VoIP system. The
same figure shows a server having Vyatta Firewall
and OpenSBC installed, whose functions are intended for testing with shown configuration.
Vyatta is a provider of open source networking
software [4]. Its free, open source, Linux based,
router and firewall software - Vyatta Community
Edition 5 (VC5) is used for transforming our PC
into a router that can handle network infrastructures ranging from DSL to 10-Gigabit Ethernet.
Existing VoIP system which is being extended
with SBC is functioning, thus our goal was not
changing the existing configuration of already entered parameters out of which IP address of Call
Server (address A.B.C.D shown in Figure 1.), i.e.
a subnet of IP addresses where the mentioned address is located, plays a key role in configuring SBC.
Subnet of static IP addresses, gated from ISP1, is assigned to existing equipment (Call server, SMG etc).
One of these addresses (free one) has to be assigned
to SBC’s inbound Ethernet card (address A.B.C.E
shown in Figure 1.). The reason for this is an existing configuration of VoIP system that forces Call
server to reach unknown IP address through gateway, thus address A.B.C.E wouldn’t be reachable if
it is not in the same subnet as address of Call server.
1509
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erator and Vyatta’ so as OpenSBC’ configurations
are little bit different from configurations needed for
connecting OpenSBC to router in the bridge mode.
Furthermore, we will describe settings appropriate
for connecting OpenSBC to router with indicated
differences necessary for testing with SIPp. Below is
a sample entry for Configuring Ethernet Interfaces.
Sample entry for Configuring Ethernet Interfaces

Figure 1. VoIP system extended with SBC
The best solution for address of SBC’s outbound
Ethernet card is static IP address with symmetrical
internet connection also, but assigning one of static
IP addresses which belonged to an existing subnet,
gated from ISP1, caused inappropriate functioning
of SBC that couldn’t be resolved (inbound configuration behind SBC couldn’t be hidden). Spreading
existing subnet with additional addresses didn’t resolve the problem because of addresses belonging
to the same link terminated on common L3 switch
shown on Figure 1. One of options would be providing another link but that is quite cost ineffective,
so temporary solution is ADSL connection provided by another internet provider (ISP2).
The first idea was to connect OpenSBC on LAN
(Local Area Network) configured inside the building
where VoIP system is installed but port forwarding
from ADSL router (used for connection of mentioned LAN to internet) to OpenSBC didn’t provide
proper OpenSBC functioning. OpenSBC is intended
to be used either as a bridge between multi-homed
networks or as a far end NAT traversal server, and
these two setups require that OpenSBC itself is not
the subject of NAT. For the purpose of OpenSBC’
testing, in configuration with VoIP system, we configured existing ADSL router to function in bridge
mode. Also, we tested OpenSBC with SIPp call gen1510

interfaces {
ethernet eth0 {
address A.B.C.E/28
description inside
hw-id 00:21:85:96:2a:0b
mtu 1500
}
ethernet eth1 {
description outside
hw-id 00:19:e0:0d:10:ea
}
ethernet eth2 {
duplex auto
hw-id 00:23:cd:b1:5b:9e
pppoe 1 {
connect-on-demand
password xxxxxx
user-id yyyyyy
}
loopback lo {
}
}

For the purpose of testing with SIPp, Ethernet
interface eth2 should be configured as is shown
below and the rest of configuration is the same as
previous.

ethernet eth2 {
address 192.168.1.101/24
hw-id 00:23:cd:b1:5b:9e

OpenSBC translates the original via part of SIP
message header by changing inbound interface’s address with outbound interface’s address. One of the
conditions is setting NAT rule for outbound interface. The only difference necessary for testing with
SIPp is to change pppoe1 with eth2 in table below.
Sample entry for setting NAT rule 1

service {
https
nat {
rule 1 {
outbound-interface pppoe1
type masquerade
}
}
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Proper functioning of OpenSBC, connected
to internet over ADSL router in bridge mode,
requires additional NAT rule shown below. This
NAT rule isn’t necessary for testing with SIPp.
Sample entry for setting NAT rule 2

rule 2 {
destination {
address 0.0.0.0/0
port 5060
}
inbound-interface pppoe1
inside-address {
address A.B.C.E
port 5060
}
protocol udp
source {
address 0.0.0.0/0
}
type destination
}

Utilizing the Open Source SBC known as
OpenSBC (www.opensourcesip.org) and the Open
Source firewall known as Vyatta (www.vyatta.
org), we were able to create a single server solution for functional SIP Session Border Controller
[5]. After successful installation of OpenSBC, the
HTTP admin is accessible via port 9999 at server
running OpenSBC [6].
Entering “OpenSBC General Parameters” link
gives us a possibility to set different parameters.
OpenSBC can function in two modes, „B2B Only”
and “B2B UperrReg” mode. The first one enables
registration of clients in OpenSBC’s register which
is also our choice. Saving Call server’s resources by
redirecting RTP flow between SIP clients through
OpenSBC presents a convenient option especially
because this kind of traffic is free of charge.
Choosing functionality is done through setting
SBC-Application-Mode parameter.
OpenSBC ini file sample for configuring functioning mode

[OpenSBC-General-Parameters]
SBC-Application-Mode=B2B Only Mode

Entering “SIP-Transport” link gives us a possibility to set addresses of different Interfaces.
One of them is the „Main-Interface-Address” (in
SIP URI format). If left blank, it will set a default
value to sip:*:5060 and bind to all available interfaces. During system testing, trace on inbound
Volume 7 / Number 4 / 2012

interface detected address of outbound interface.
Imposing of static “Interface-Route-List” resolved
this issue.
OpenSBC ini file sample for configuring MainInterface-Address and Interface-Route-List
[SIP-Transports]
Main-Interface-Address Array Size=1
Main-Interface-Address 1=sip:*:5060
Interface-Route-List Array Size=1
Interface-Route-List 1=[sip:A.B.C.*]
sip:A.B.C.E

Call analysis
Network protocol Analyzer called Wireshark
helped us to analyze flow of messages during the
call with regard to IP addresses that are involved.
Trace on OpenSBC’s outbound interface, captured during the call established over Call server
is shown in Figures 2. SIP messages captured by
Wireshark on outbound interface pppoe1, flowing
between local and remote clients don’t contain inbound interface’s address in any part. Otherwise,
topology of VoIP system would be public and
available for intrusion. The situation with calls
established between local clients is the same as
previous, i.e. inbound interface’s address is completely hidden for clients.

Figure 2. Trace on eth2
OpenSBC performance’s testing using
SIPp
SIPp is a useful free open source test call generator for the SIP protocol [7]. Proper installation
is important because of adequate combination of
available packets that are necessary for SIPp func1511
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tioning and we note that our operating system used
for installing SIPp was Ubuntu [8]. Provided that
the option of sending NAT Keep Alive Message of
OPTIONS type has been chosen during OpenSBC
configuring, it is necessary to enable SIPp with
automatically answer to OPTIONS messages too.
By default, using -aa option in command line during start enables SIPp to automatically answer to
INFO, UPDATE and NOTIFY messages with 200
OK. To provide the same for OPTIONS massages
it is necessary to open ./sipp.svn/call.cpp file (in
the terminal run the command “nano call.cpp”)
and change line:
> > else if (((strcmp(P_recv, “INFO”) == 0) ||
(strcmp(P_recv, “NOTIFY”) == 0) || (strcmp(P_
recv, “UPDATE”) == 0))
to:
> > else if (((strcmp(P_recv, “INFO”) == 0) ||
(strcmp(P_recv, “NOTIFY”) == 0) || (strcmp(P_
recv, “UPDATE”) == 0) || (strcmp(P_recv, “OPTIONS”) == 0))
After this change it necessary to save the file,
and perform the command ’make ossl’ in the terminal.
After proper installation and above adaptation
SIPp is ready for use, but default scenarios UAS
(receiving calls) and UAC (generating calls) are
not adequate for testing OpenSBC so we created
our own. Created scenarios “regist”, “callee” and
“callerregist” are used for registration of called clients, receiving generated calls and generating calls
with registering callers, respectively. Through the
same scenario (“callerregist”) caller clients are
registered on OpenSBC and calls are generated.
Other option would be registering callers through
separated scenario as is our scenario “regist” and
generating calls through scenario without REGISTER messages. OpenSBC has the possibility for
additional client’s authentication by sending message 407 Proxy Authentication Required. SIPp
suggests INVITE message with authentication
field [authentication username=user1] to resolve
additional authentication but in our environment
it wasn’t functioning properly. Temporarily disabling Proxy Authentication on OpenSBC (setting
parameter Accept-All-Calls to True) was necessary during tests. Instead of Proxy Authentication,
we have created a scenario with client’s registration during generating calls. Also, because of per1512

forming a test that is realistic as much as possible,
two hundred Local-Domain-Accounts are created
on OpenSBC (a hundred for called and a hundred
for caller clients).
Before performing test it is necessary to change
configuration of Vyatta based on differences explained in chapter 3. Also, it is necessary to add
new B2BUA route on OpenSBC as is shown below:
Route-List 2=[sip:*@192.168.1.101]sip: A. B.
C. D:5060
Local Domain Accounts created on OpenSBC
(a hundred for called and a hundred for caller clients) are in the form as is shown below:
Account-List 4=sip:us1:pass1@192.168.1.101
By default, the number of file descriptors on
OpenSBC per process is 1024. This value is not
accommodated for too many connections and increasing it is possible with a command ulimit –n
as is shown below:
vyatta:~# ulimit –n 65535.
Also, by default, maximum allowed number of
concurrent connections on OpenSBC is 100 and
maximum allowed call rate per second is 10. Increase of these values is possible by setting corresponding parameters through HTTP admin page.
Proclaimed limits are 1000 concurrent connections and 100 calls per second.
After returning ADSL router from bridge to
normal mode and connecting PC with installed
SIPp on corresponding LAN, test procedure can
be started. Test procedure and explanations are as
follow:
- Entering sipp.svn directory (open terminal in
Ubuntu and run the command below):
$ cd sipp.svn
- Registering called clients
./sipp –sf regist –inf callee.csv –i 192.168.1.131
–p 5062 192.168.1.101 –m 150 –aa
Running the above command causes the scenario called “regist” to start. 192.168.1.131 is the
address of virtual Ethernet card created on PC running SIPp. Parameter m, set to 150 in command
line, dictates total number of created calls during
the performing of mentioned scenario. This value
is adequate for registering all clients contained in
corresponding csv file (as we mentioned before total number of called clients is a hundred and their
data are contained in injection file callee.csv).
Volume 7 / Number 4 / 2012
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- Starting callee side (run the command bellow
in the same terminal)
./sipp –sf callee –inf pozivani.csv –i
192.168.1.131 –p 5062 –aa
- Starting caller side (open new terminal in
Ubuntu on the same PC)
./sipp –sf callerregist –inf callers.csv –i
192.168.1.130 –p 5060 –r 20 –d 2000 –m 1000 –aa
192.168.1.130 is the manually dedicated address to Ethernet card on PC running SIPp. Actually, test was started with much higher values of parameters r and d but that values caused OpenSBC
to crash. Test results are shown in Figure 3.

Figure 3. Diagram with tests results
Parameters controlled through command line
that are involved in our test are:
-d: Controls the length of calls. More precisely,
this controls the duration of ‘pause’ instructions in
the scenario.
-l: Set the maximum number of simultaneous
calls. Once this limit is reached, traffic is decreased
until the number of open calls goes down. If not
used in command line, by default, SIPp allows l
(=3 * call_duration (s) * rate) simultaneous calls.
-r: Controls call rate.
OpenSBC successfully resolved test with 100
calls per second regardless of call duration but
only when parameter m (total number of created
calls) is set up to 100. Increasing parameter m allows simultaneous calls and then problems with
performing test start. For getting a realistic result,
we have chosen value of 1000 generated calls during test. The maximum value of call rate was 20
and in the combination with call duration of 2000
milliseconds, peak number of simultaneous calls
was 120 (=3 * 2 (s) * 20 (calls/s)). Higher values
of parameters r and d caused OpenSBC to crash.
Volume 7 / Number 4 / 2012

The result was quite unexpected, not just because of relatively poor performance but also
because of the fact that none of the r and d parameters combination caused OpenSBC answers
with messages 500 or 503 instead of the crash. If
the maximum number of concurrent connection
is reached, OpenSBC should respond to incoming calls with 500 Internal Server Error and if
the maximum allowable Call Rate per Second is
reached, OpenSBC should respond
with a 503 Statelessly. Unfortunately, none of
these messages are gated and without them real
ASR (Answer/Seizure ratio is the number of successfully answered calls divided by the total number of calls attempted multiplied by 100) allowed
by OpenSBC couldn’t be calculated. When inquiring about any VoIP systems performance, the
usual question is how many simultaneous calls the
system can handle? While this is, of course, an important number, it cannot be estimated easily because supporting N number of simultaneous calls
is not the hardest work for the system to do. Most
processing (as it is case with B2BUserAgents) occurs during call setup and call disconnect. That is
why the number of simultaneous calls is higher
than simple multiple of call duration and call rate.
For instance, SIPp allows triple value of mentioned multiple for simultaneous calls.
Instead 500 and 503 messages, OpenSBC
answered on few (more precisely 10) calls with
message 404 Not Found despite the fact all clients were registered. Comparing number of wrong
messages with number of generated calls we have
just neglected them.
Searching the net for other results of OpenSBC’s
performances testing, we found values of allowed
call rate and simultaneous calls higher than those
gated in our test. Unfortunately, these results are
given without any additional comment. Probably, test results would be better if we used PC
with faster processor for installing OpenSBC,
but it is hard to believe that proclaimed values of
100 calls in second and 1000 simultaneous sessions can be reached. Without further investigation we’ve accepted final test results as 20 calls
per second in combination with 120 simultaneous
calls. In comparison with some commercial Session Border Controllers available in the market,
our OpenSBC’s performances are poor but not
1513
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for our environment. Using PQMP (Performance
Quality Management Platform) installed on Call
Server, we have found out that traffic peak during
whole period of exploitation was 14 simultaneous
calls. Suppose that future SIP clients generate total
traffic equal to the existing one, OpenSBC will be
able to handle it.

ers. We weren’t concerned since this is test phase
during which was tried few tips of soft phones,
SIP phones and ATA adapters. Unauthorized calls
for call server have been tried also so the mentioned number comes as no surprise.

Testing expanded VoIP system using PQMP
(Performance Quality Measurement Platform)
Final test of VoIP system expanded with
OpenSBC is performed using PQMP installed on
Call Server. Twenty subscribers are created for
the purpose of making calls through Call server
so PQMP can register them. Generated traffic is
monitored for almost a month and the analysis is
stated bellow.
PQMP is able to monitor performances per
subscriber, but only if they are registered on Call
Server. Since OpenSBC is configured in B2B Only
Mode (without upper registration) performances
are monitored on SIP trunk established between
OpenSBC and Call Server. Column IN Trunk
Group 4 shown on Figure 4. presents traffic made
by postpaid users and column IN Trunk Group
369 presents traffic made by prepaid users. Precisely, common trunk established to SMP operator
is used for traffic generated by both group of users
and internally it is separated into two groups. The
number of dropped calls marked with ’Other’ on
Figure 4. is higher for postpaid then is for prepaid
users especially in comparison to total number
of corresponding calls. One of reasons is the fact
that unauthorized calls established on mentioned
trunk are counted in the category of postpaid calls
because only authorized calls can reach prepaid
system. Small number of postpaid calls is obvious
since postpaid users are basically companies and
period of monitoring was in time of holidays.
Column IN Trunk Group 26, circled with the
red line presents traffic made over trunk established between Call server and OpenSBC. Statistic for this trunk is very close to statistic of traffic
made by postpaid users. The number of dropped
calls originated by SIP users and marked with
’Other’ in comparison to total number of corresponding calls is higher then it is for postpaid us1514

Figure 4. PQMP excel file for established trunks
Conclusion
Tests and measurements are performed with regards to all necessary aspects of future OpenSBC
usage and the results are as follows:
- Far end NAT traversal was resolved very
successfully.
- Inbound IP addresses were successfully
hidden during any call which was made.
- SIPp open source call generator helped
us to find out where are the limits of
OpenSBC usage. 20 calls per second and 120
simultaneous sessions are not impressive but
are quite enough for analyzed VoIP system.
- ADSL definitely isn’t a proprietary solution
for internet connection in described environment, but for the beginning it can help,
especially in combination with noip2 client
installed on Vyatta that resolved IP addresses
changing very successfully.
Based on the above facts, the answer to the
question posed in the first chapter is yes, OpenSBC
can be used for securing VoIP provider’s network boundary. It’s not clearly understood where
the limit of this usage is, but growing the traffic
caused by SIP clients above that limit definitely
means that OpenSBC has justified its existence
within the described environment. In that case,
providing professional SBC device wouldn’t be
cost ineffective.
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Abstract
The present paper describes the development
and testing of a new measurement method that enables non-destructive and in-situ monitoring of the
vacuum carburizing process. The principle of the
method is based on monitoring the carbon diffusion
during vacuum carburizing by the in-situ measurement of electrical resistance changes in the carburizing sample. Using this method, the electrical
resistance changes during the vacuum carburizing
of pure iron were acquired and analyzed. The experiments were performed in a laboratory vacuum
furnace under a low pressure acetylene atmosphere
(5 mbar) at a temperature of 950°C. The results
of monitoring the kinetics of the carburized zones
obtained by the novel measurement method were
compared with the kinetics obtained by metallographic analysis of the carburized samples.
Key words: Vacuum carburizing, non-destructive measurement method, electrical resistance
measurement, four probe technique
1. Introduction
Vacuum carburizing is a modern, very efficient
and environmentally friendly process for the case
hardening of steels. The advantages of this technology compared to conventional gas carburizing
are a high reproducibility and uniformity of heat
treated samples, clean sample surface after treatment, the absence of internal and grain boundary
oxidation, smaller shape change of treated parts after quenching, easy carburizing of complex shapes
such as thin or blind holes, low gas consumption
and a gentle working environment for people and
the earth [1-12]. The vacuum carburizing is performed in vacuum furnaces under a low pressure
hydrocarbon gas atmosphere – usually pure acetylene or mixtures with other gases [1-17]. The process begins with heating the parts under vacuum
to the predetermined carburizing temperature.
Upon reaching a constant part temperature, acety1516

lene is introduced into the vacuum chamber up to
an adequate pressure, and the samples are kept for
the predetermined carburizing time. On completion of the carbon adsorption process the gas is
evacuated and the furnace is put under vacuum
again. In the next step, the adsorbed carbon diffuses from the surface into the matrix of the sample
for a predetermined period of time to achieve the
desired depth of the carburized zone. Finally, in
the last step, the annealing temperature is reduced
to the quenching temperature. Gas quenching is
performed mainly in nitrogen, helium, hydrogen,
or in a mixture of these gases.
The desired case depth and corresponding concentration profile of carbon are obtained by the diffusion of carbon atoms from the furnace atmosphere
into the steel matrix by cyclical changing of the
saturated (active) and the diffusion (passive) stages
of the process [1, 2, 12, 18, 19]. At the constant carburizing temperature the diffusion of carbon can
be supervised by controlling the duration of these
two stages, where the optimal process parameters
are usually pre-determined with vacuum carburizing simulation programs [2, 12, 17-19]. However,
this approach has many shortcomings which must
be addressed. For instance, the diffusion process
during vacuum carburizing is very complex, and
therefore the desired depth and morphology of the
carburized zone throughout the steel matrix is not
easy to control. To avoid these problems and to
take advantage of this technology it is necessary to
monitor both stages of the process in-situ and continuously. The present paper describes a procedure
to overcome the above problems and to fulfill the
requirements of in-situ monitoring.
It is well-known that the microstructural changes (caused for instance by heat treatment) have a
significant influence on the electrical resistivity
of the metallic material [20-22]. For instance, for
metals and alloys the electrical resistance increases typically during the diffusion of solute atoms
(in our case carbon) in the metal matrix. The inVolume 7 / Number 4 / 2012
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crease of electrical resistivity is a consequence of
the dissolution of the carbon atoms in the metal
matrix. The dissolved carbon atoms disturb the
regularity of the crystal structure and act as scattering centers for electrons [22]. Therefore, the
controlling of this parameter could also be used
for the monitoring of such processes.
Therefore, the ˝in-situ˝ monitoring of the vacuum carburizing process with electrical resistance
measurements was the main topic of our research.
With electrical resistance measurements we monitored the kinetics of the process at different annealing temperatures in a low pressure acetylene
atmosphere. The results obtained by the novel
measurement method were compared with the kinetics obtained by the metallographic analysis of
partially and totally carburized specimens.

at the central part of the sample with a Ni-NiCr
thermocouple with an outer diameter of 1 mm and
accuracy of ± 1.5 °C.

2. Experimental setup
We developed a non-destructive measurement
method that enables identification and characterization of phenomena during the vacuum carburizing
of steels. The principle of the method is based on
monitoring the carbon diffusion during vacuum
carburizing by in-situ measurements of electrical
resistance changes in the carburizing sample. For
this purpose, the unique laboratory device was set
up (Figure 1). It is based on a special measurement
cell that enables in-situ electrical resistance measurements by a four probe technique at high temperatures (up to 1100°C) and in a reactive atmosphere. The measurement cell consists of a ceramic
cylinder where the four prismatic contacts made
from pure platinum are fixed. The outer contacts
(current contacts) are designed for charging the
sample with current and the inner contacts (voltage
contacts) enable the measurement of the voltage
change in the sample. The contacts are connected
to the measurement instrument with Pt wires. The
high-temperature resistant junction between the
sample and the contacts is attained with springs
and specially designed coupling holders made from
high-temperature resistant stainless steel.
During the experiments the electrical resistance was measured by a four-probe method with
a bi-directional current of 100mA with a resolution of 10 mW and accuracy of ± 35mW [23]. In
addition, the temperature changes were measured
Volume 7 / Number 4 / 2012

Figure 1. Laboratory device and measurement
cell, schematic
The experiments were performed following
four steps: (I) vacuuming the retort to 10-1 mbar,
(II) heating the sample to the desired annealing
temperature, (III) annealing the sample in a low
pressure acetylene atmosphere for the predetermined time tA – active stage of the process and
(IV) at the end of the active stage the retort was
vacuumed again to 10-1 mbar, and the sample was
annealed in the vacuum for the predetermined
time tP – diffusion stage of the process. At the end
of each experiment the sample was cooled down
to room temperature.
The thicknesses of the carburized zones determined at different process conditions were
examined on the transversal cross-section of metallographic samples with an optical microscope,
Nikon Epiphot 300, equipped with a system for
digital quantitative image analysis (Olympus
DB12 and software program Analysis). The metallographic preparations consisted of mechanical
wet grinding down to 5 mm with SiC and polishing
1517
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with diamond suspension (1mm).Additionally, the
crystallographic structure was determined using
Bragg-Brentano grazing incident X-ray diffraction (θ=2° with step time of 8 sec.) with Cu-Kα
radiation at room temperature.
3. Results and Discussion
The vacuum carburizing experiments were
performed in a laboratory vacuum furnace under
a low pressure acetylene atmosphere (5 mbar) at
a temperature of 950°C. With the use of this measurement method the electrical resistance changes
during the vacuum carburizing of pure iron were
acquired and analyzed. The results of ˝in-situ˝
electrical resistance measurements during vacuum
carburizing of a pure iron wire are presented in
Figure 2. The resistance curve, R(t), shows the
electrical resistance change of the sample, and
the temperature curve, T(t), indicates the actual
temperature during the experiment. The curves
can be divided into four regions. The first region
(left from point A) presents the stage of heating
the sample in the vacuum up to the desired isothermal annealing temperature. The second region
(from points A to C) comprises the active stage of
the process, starting with admitting the acetylene
gas in the retort through the needle dozing valve.
The next region (right from points C to E) shows
the diffusion stage (passive stage). At this stage
the gas supply was interrupted and the retort was
evacuated again to 10-1 mbar. The cooling starts
after reaching point E.
The active stage of the vacuum carburizing
process starts with the adsorption and dissolution
of carbon into the surface layer of the matrix. Dissolved carbon atoms diffuse inward through the
metal matrix forming the carburized zone. As a
consequence of the dissolution of carbon atoms
in the austenite matrix the electrical resistivity of
the sample increases (from points A to B in Figure 2), because the solute carbon atoms disturb
the regularity of the austenite crystal structure and
act as scattering centers for electrons. Moreover,
after the solubility limit of carbon in austenite
is exceeded, the surface layer is supersaturated
with carbon that leads to precipitation of the iron
carbide (Fe3C) from the solid solution [24]. The
presence of iron carbide on the surface was also
1518

confirmed by grazing incident X-ray diffraction
(Figure 3).The formation of iron carbide on the
surface increases the diameter of the sample and,
consequently, causes the increase of its electrical
conductivity. Therefore, the electrical resistivity
(from points B to C in Figure 2) of the sample
decreases strongly.

Figure 2. In-situ measurement of electrical resistance changes during vacuum carburizing of pure
iron under a low pressure acetylene atmosphere
(5 mbar) at T=950°C; the duration of the active
stage tA =10 min and the duration of the passive
stage tP=20 min

Figure 3. Surface X-ray diffraction of carburized
steel after the active stage showing the formation
of iron carbide
In the diffusion stage we can see the opposite
change of electrical resistance. The electrical resistance increases rapidly due to dissociation of the
Volume 7 / Number 4 / 2012
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iron carbide and diffusion of the carbon atoms released from the iron carbide into the metal matrix.
The major reason for the increase of electrical resistance is connected with the dissociation of iron
carbide (decrease of the conductive diameter of the
sample) and the minor reason an increasing concentration of solute carbon in the matrix released
from the iron carbide into the metal matrix (from
points C to D in Figure 2). The dissociation of iron
carbide during the diffusion stage was proved additionally by grazing incident X-ray diffraction made
on the sample after the diffusion stage (Figure 4).

Figure 4. Surface X-ray diffraction of carburized
steel after the passive stage showing the dissociation of iron carbide
The ˝in-situ˝ measurements of the electrical resistance during vacuum carburizing experiments
were used for determination of the kinetics of the
process – the depth of the carburized zone xR(t).
To accomplish this we had to transform the electrical resistance into an instantaneous carburized
microstructure which is defined by the depth of
the carburized zonexR(t). The change of electrical
resistance of such a composite during vacuum carburizing is defined in the transformation model as
a parallel circuit of two resistors. Measuring the
electrical resistance R(t) during vacuum carburizing gives the instantaneous electrical resistivity of
the sample r(t). Knowing the electrical resistivity
of the carburized zone rCZ and the electrical resistivity of the non-carburized iron r0, the depth of
the carburized zone xR(t) can be calculated as:
Volume 7 / Number 4 / 2012
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where r0 is the outer radius of the sample and
r(t) the radius of the non-carburized part of the
sample.
The values of measured electrical resistance
before the active (r0) and after the passive stages (r(t)) were used in Equation 1 to calculate the
depth of the carburized zone (xR=503 mm).
Additionally, we made a metallographic analysis of the vacuum carburized samples after the
active and passive stages by optical microscopy.
The microstructures of the samples consist of two
different zones: (i) the darker carburized zone and
(ii) the brighter non-carburized iron core. In Figure 5 we can see the microstructure of the sample
after the active stage. The carburized layer consists mainly of pearlite and ferrite-pearlite and
forms secondary cementite precipitated at the
grain boundaries of the pearlite grains. Therefore,
it is obvious that the concentration of the carbon
in the carburized zone is much higher than the
desired 0.8 %. The next micrograph (Figure 6)
shows the microstructure of the sample after the
diffusion stage. Near the surface the morphology
of the carburized zone is mainly pearlite followed
by pearlite-ferrite and a ferrite core. In the surface
layer of the carburized zone there are no secondary cementite precipitates.

Figure 5. The progress and the morphology of
the carburized zone after the active stage of the
process
1519
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Finally, the depth of the carburized zone was
determined by quantitative metallographic analysis (xMET=520 mm) of the micrograph in Figure 6.
The comparison of the determined depths of the
carburized zones obtained by different methods,
(in-situ electrical resistance measurement and
quantitative metallographic analysis), shows good
correlation.

(i) distinguish between the saturated and diffusion
stages of the process, (ii) optimize the duration
of each stage and the time-ratio between the two
stages and (iii) predict the progress of the carburized zone into the matrix.
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Abstract
Folded structures are constructions made of elements which by their mutual relation in the space
form folded shape. This folded form of constructions represent three-dimensional structures - the
spatial structures and belongs to the field of structural systems. Folded structures in the engineering practice were for a long time realized only in
reinforced concrete. At first they were carried out
on site with the use of a very complicated shell;
and later the development of prefabricated construction led to the improvement of this type of
constructions so the folded structures could be derived by assemblying prefabricated elements and
their connection - monolithization on-site.
Modern achievements in terms of applied materials and the methods of their connection have
led to the development of this type of spatial structures and their greater use. The aspiration for cost
effective and faster construction suppressed the
folded structures made in reinforced concrete, and
led to the realization of folded structures of other
materials: steel, wood, glass, polyester resin and in
combination of different materials that have experienced expansion over time.
This work should contribute to expanding the
knowledge of the area of folded structures materialized using different building materials in the
contemporary engineering constructions.
Key words: folded structure, spatial structure,
structure forming folded structure, application of
folded structure in contemporary architecture and
engineering constructions.

– Folded structure is a construction whose
load capacity and stiffness are a result of a
folded shape of the construction [1],
– Folded structures - folds belong to the spatial
i.e. three-dimensional structures, where the
dimension of the elements is very small
compared to the span of the construction [2].
The term folded structure defines the folded
form of a construction, including constructions
made of boards and structures made of sticks that
with their mutual relation in space form folded
shape. Some authors refer to folded structure also
as origami constructions (origami structure) [4].
1.1. The folds in nature
The folds in nature exist in live and inanimate
world. Folding of rock mass is a phenomenon
caused by continuous deformation of rocks in the
earth’s crust and is as old as planet Earth itself.
Folds are also present in the living world. Leaves
of certain tree species represent the creases in the
botanical world. An example of very distinctive
folds can be seen on the leaf of hornbeam (Figure
1) By studying these folds it has been established
that they represent geometrically accurate crease
which extends in two directions. This fold in botanic has the same role as the folds in structures, to
increase its stiffness and load capacity.

1. Introduction
Construction of folded structures is possible in
different ways depending on their form, the application of materials as well as places and ways of
their performance. In domestic and foreign literature there are various definitions that interpret the
term folded (creased) structures:
1522

Figure 1. Hornbeam leaf
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1.2. The development from the full panel to
the folded structure
The load capacity of full-flat panels depends on
its thickness and quality of the material from which
it is made. On the large spans a full plate becomes
too thick and heavy, and as such, not economical.
With folded structures far greater spans can be overcome than with the application of full flat panels.
Conduct of folded structures is illustratively shown
in the paper - the origami model (Figure 2) [5].

twentieth century. The basic idea of creating this
type of construction is striving to achieve more
constructive heights and greater rigidity and reduce the net weight of the structural element. The
load capacity and stiffness of folded structures
are achieved primarily with proper design of the
structure, and to a lesser extent, by thickness and
dimension of its elements.
Engineer Eudene Freyssinet performed the first
roof with the folded structure in 1923, as an aircraft hangar at Orly Airport in Paris (Figure 4). In
technological terms this folded structure is made
of prefabricated elements of 7.5 m length, with
pre-stressed construction [6].

Figure 2. Illustration of conduct of a “V” folded
structure [5]
Development of the folded structures can be
observed through the evolution of structural logic from the full board, over the “T” intersection
and folded structures with vertical and horizontal
plates, to the “V” design folds (Figure 3).

Figure 3. Development of full panel construction
to the folded structure [11]
1.3. The emergence and development of
folded structures in civil engineering
Design and construction of folded structures
is associated with the development of reinforced
concrete [5] and occurs at the beginning of the
Volume 7 / Number 4 / 2012

Figure 4. Aircraft hangar at the Orly Airport in
Paris, engineer Eudene Freyssinet, 1923. [7]
Ehlers created the first principles of folded constructions [8]. He performed his first building with
folded structure in Germany1924, not as a roof
structure, but as a big coal bunker.
Folded structures have emerged as a counterbalance to heavy frame structures, whose weight
is very high and they are uneconomical for spans
greater than 25 m [2]. For folded constructions we
use spatial work of a construction which significantly changes the correlation between its weight
and useful load.
2. Application of folded structures in
architectural buildings and engineering
constructions
Folded structures have found application in
architectural buildings and engineering constructions. Folded structures can be made of following
materials: reinforced concrete, wood, metal, glass
and plastics (polycarbonate, synthetic resin rein1523
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forced with glass fibers, polyester resin, etc..), and
in combination of several materials. Depending on
the material they are made of, their load, a possible form and application in architectural buildings
and engineering structures varies [3].
Folded structures can be divided into structures
that are carried out on site and prefabricated structures, produced in factories and assembled on site.
If the structures are of a large span, the elements are
not all produced in the factory, but it is imposed as
a solution to carry out the elements in the form of
smaller segments, in order to facilitate transport and
their installation on the construction site.

Folded structures of wood are usually formed
as a panel (Figure 6).

2.1. Application of folded structures in architectural buildings
Based on the position in the architectural building, this type of construction can be divided into:
roof, floor and wall folded constructions.

Figure 5. Reinforced concrete folded construction,
building of High School, Scottsdale, Arizona, USA,
stiffened and leaning on the frame structure [9]

2.1.1. Roof folded structures
The largest number of examples of folded
structures are roof structures. The need for surmounting larger spans and more cost effective
construction led to the emergence of this type of
structure. The development of these spatial structures led to the exceptional formal solutions which
directly influenced the aesthetics and visual identity of the building.
2.1.1.1. Roof folded structures made of reinforced concrete
Reinforced concrete is a material that allows
the formation of folds of full panel elements, and
as a stiffening truss reinforced concrete diaphragm
can be applied (Figure 5). The largest number of
examples of roof folded structures has been realized in this material.
2.1.1.2. Roof folded structures made of wood
Folded structures formed of wood represent constructions that are easy to transport, manipulation
and installation. This type of prefabricated folds on
the basis of the primary support structure of the fold
segment can be categorized as: panel, truss.
1524

Figure 6. A wooden panel folded structure leaning on the wooden truss, which is at the same
time a diaphragm [10]
Elements of folded structure can be formed of
wooden trusses [11]. By combining the trusses we
can get different forms of folded structures (Figure 7). Connection of trusses is done on site. Band
sticks in the deflections and hips of this folded
structure and infilling bars are made of solid timber or glued laminated wood.
Lattice folded structures can be made from the
rods of glued laminated wood (Figure 8). [13] They
are used for large spans, even over 30 m. The specificity of this type of lattice structure is that in places
of the deflections and hips there is no duplication of
rods, as elements of adjacent planes of folds which
Volume 7 / Number 4 / 2012
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contain the grids. Characteristics of such folded
structure are large cross-sections of the band sticks
(hip and the deflection). This type of construction is
mounted from individual elements and on site.

Figure 9. Air Force Academy Chapel, Colorado
Springs, USA, architect Walter Netsch, 1962. [23]
Figure 7. Mounted prototype of cylindrical folded
structure made of trusses, span 25.00 m at the fair
in Budva, author Nenad Šekularac, Architect, 2005.
[12]

Folded structures can be derived from the steel
lattice girders over various forms of a base [14].
The widest application of folded structures is
in forming trapezoidal sheet metal. This type of
folded structure can receive and transmit the load
without introducing additional substructure. Trapezoidal sheet is made of steel or aluminum sheet.
Trapezoidal sheet metal is used not only as a
roofer, but also to manufacture thermal insulation
of roof and wall sandwich panels.
2.1.1.4. Roof folded structures made of glass

Figure 8. Truss folded structure, Pavilion, Hartwald Clinic, Bad Zwesten Germany, architect A.
Frank, the designer of the construction Natterer,
1977. [13]
2.1.1.3. Roof folded structures made of steel
Folded structures performed in steel can surmount a large span. Creases on the basis of the
primary load-bearing steel structures of the fold
segment can be divided into: panel and lattice.
One of the most significant buildings constructed as a folded form is the Air Force Academy Chapel in Colorado Springs, in the U.S. [23]. Folded
construction of this building consists of 100 tetrahedral elements, triangular plates - metal panels
mounted on the spot. (Figure 9).
Volume 7 / Number 4 / 2012

Glass as a building material has found greater
use as a structural element. By using glass independently or in combination with other materials,
wall, roof and floor constructions can be made.
Independent glass plate under the force of pressure is deformed. Folded structures can be made
from the plate glass elements joined together and
set to stiffen each other. Nowadays the production
of folded structures of glass does not have wider
application in practice, however, there is research
on this issue [15].
2.1.1.5. Roof folded structures made of polyester
resin
Products made of polyester resin had been
widely used in the second half of the twentieth
century. There are examples in practice of the
folded structures derived from a single flat platelike elements or in combination of spatial elements
of folds with flat plate elements (Figure 13) [16].
1525
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2.1.1.6. Roof folded structure in a combination
of two materials

2.1.2.3. Floor folded structures in combination
of steel and glass

Instead of applying a single material, roof folded structures can also be made in combination of
two materials: glass and metal [15] and polyester
resin (used for folded rhomboid plates) and steel
(used for reinforcement of the structure) has been
documented in building practice [17].

Wall, roof and floor structures can be made using glass in combination with other materials.
Example of making folded structure in combination of two materials represents the test model
of folded structure made of trapezoidal sheet metal and glass as a horizontal surface. Coupling of
these two materials is achieved by special screws.
The perforations on the sheet metal allow the penetration of the light and contribute to the visual
and aesthetic experience of the space (Figure 11).

2.1.2. Floor structures made as folded structures
Floor folded structures are carried out by using different materials: reinforced concrete, steel
sheets, wood and in combination of materials
(metal and glass).
2.1.2.1. Floor folded structures made of wood
Ceiling between the stories is constructed as a
wooden folded structure and it represents a trapezoidal crease whose elements are of veneer or composite OSB boards, and horizontal parts of a folded
structure of solid wood. One example of this type of
ceiling can be applied to spans of up to 30 m; as a
ceiling structure in family homes and as a roof construction for industrial buildings (Figure 10) [24].

Figure 11. View to the folded structure derived by
coupling trapezoid perforated steel sheet and glass
[15]
2.1.3. Walls made as a folded structure

Figure 10. Element of the “Kielsteg” construction [24]
2.1.2.2. Floor folded structures made of trapezoidal steel sheet metal
Ceiling between the stories can be made of
trapezoidal steel sheet. Trapezoidal sheet may
independently receive and transmit load; and together with concrete is a composite structure.
1526

Walls can be designed and carried out as folded
structures, since by folding we get rigid construction that can receive large vertical and horizontal
impacts, which enables exceptional height of a
wall carcass. This type of folded structures due to
its geometry provides cost-effective solution and
the rational use of material in correlation with the
height of the facility. In folded structures walls can
be carried out of different materials: reinforced
concrete, wood, steel, glass and polyester resin.
2.1.3.1. Walls as folded structures made of
reinforced concrete
Walls built as folded structure can be materialized in reinforced concrete. Building with such a
structure is the church of Notre Dame in Royan,
France, with reinforced concrete walls built in the
form of “V” shape folds (Figure 12).
Volume 7 / Number 4 / 2012
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Figure 12. Interior of Notre Dame, Royan,
France, architect Guillaume Gillet, 1958. [25]

Figure 13. Storage facility of polyester resin with the
walls of the folded structure, Scott Bader Servi ces
Ltd.., Northamptonshire, Great Britain, 1968. [19]

2.1.3.2. Walls as folded structure made of wood
Elements of full-wall panel folded structure
are made as compact elements of massive - solid
timber or laminated elements - veneer panels and
the panel frame structure covered with plywood.
The prototype of the chapel St. Loup, Waadtland,
Switzerland was formed of panels, thickness of
110 mm [18].
2.1.3.3. Walls as a folded structure made of steel
Apart from the roof folded steel structure, the
construction of the peripheral wall can also be
made as a lattice folded steel structure. This type
of construction is applied in the design of large
halls, sports facilities and exhibition pavilions because its artistic expression contributes to the visual identity of the building.
Trapezoidal sheet as folded structure found its
application in gypsum cardboard partition walls
of great height (up to 10.0 m), where the classic
sub-structure of CW or UA profile cannot satisfy
the condition of necessary rigidity and for this reason as a sub-structure, over the entire height of the
projected wall, trapezoidal sheet metal in form of
panels is introduced.

2.1.3.5. Walls as folded structure made of glass
Wall folded structures can be made by using
glass independently or in combination with other
materials, but it is still in research phase and without wide application. [15].
2.2. Engineering structures
In engineering constructions, bridges and retaining walls, some structural elements can be
built on the principle of folded structures.
2.2.1. Retaining walls as folded structure
Retaining walls have a function to receive a horizontal force of the impact of the ground. Great rigidity, which vertical folded structures have, influenced
their use for reinforced concrete retaining walls
(Figure 14). Building a folded wall leads to more
economical solution for the retaining wall and lower
consumption of material - reinforced concrete.

2.1.3.4. Walls as folded structures made of
polyester resin
Wall folded structures can be made of semitransparent polyester resin, using the system of
prefabrication as an example of simple and practical folded structure (Figure 13).
Volume 7 / Number 4 / 2012

Figure 14. Possible forms of reinforced concrete
retaining walls - horizontal cross-sections: 1 vertical
reinforcement - pilaster; 2 box cross- section, 3 zigzag - “V” fold; 4. counterfort oblique; 5. wavy [20]
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2.2.2. Securing of foundation pits with folded
structures- profiled steel sheet piles
Securing of foundation pits, especially if the
ground is under water, is more frequently performed by using profiled steel sheet piling. This
type of security of the foundation pits represents
a vertical folded steel structure. Using this type of
steel sheet piling large foundation pits, depth of
8 to 25 m, can be secured [21]. This type of steel
sheet piling is called Larsen piles (Figure 15).

Figure 15. Securing of the foundation pit with
Larsen piles [26]
2.2.3. Bridge construction built as a folded
structure
In the design of bridges with large spans, it is
very important to design the construction that will
meet all the defined conditions of stability and deformation. Folded form of construction has found
its application in cases where the space among the
supports of bridge structures is large and it is necessary to transfer great load on the bridge support. In
that case it is formed “V” or trapezoidal fold over
which is executed the floor-plate pavement [22].
2.2.4. Floor construction of a steel bridge as a
folded structure
Bridges built from steel structures have relatively small own weight, so floor constructions
used for them are also of light weight. In this case,
trapezoidal sheet as a trapezoidal fold represents
one of the possible load-bearing floor constructions of the bridge.
1528

3. Conclusion
Spatial system of constructions consisting of
flat elements mutually set at an angle represents
a folded construction. First types of folded structures are related to reinforced concrete structures
and for long time the prejudice that this type of
construction can be performed only in that material prevailed. The aspiration for more economical
and faster building suppressed folded structures
made in reinforced concrete. Folded structures
made of wood, steel, glass and other modern materials and in combination of various materials
eventually have experienced expansion.
Applying folded structures in modern architecture roof, floor and wall constructions can be
realized using different materials and formal solutions. Interesting forms and design solutions that
can satisfy the high aesthetic demands of modern
architectural works can be obtained with formation of folded structures.
The criteria for the construction and estimate
of modern folded structures formed of different
materials have led to improvements in systems of
spatial structures, all in order to achieve contemporary creative engineering solutions.
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Abstract
This paper describes a model of optimization
of the technical diagnostics process, that is, a
model for monitoring the state of electrical power
system components, namely turbo generators in
the real process of exploitation and decision-making on procedures of preventive maintenance. By
applying the model it is possible to monitor the
state of parts of the system comprising essential
parameters for measuring the state and providing
conditions for the optimization of the technical
diagnostic process of individual components of
the system. The model can solve the basic dependence of changes in the state parameters, provide
the characteristics of the reliability of components
and output parameters of the turbogenerator state.
We have pointed out the importance of using the
described model and its contribution to decreasing
delays in the electrical power system, which results in prolongation of the lifetime of components
and a high level of efficiency of turbogenerators.
Key words: Technical diagnostics, mechanical
oscillations, turbogenerator, preventive maintenance
1. Introduction
Requirements for high reliability that modern
electric power systems have to meet have as a consequence a fact that testing their reliability in conditions
of real exploitation implies a large expenditure of
time, materials and financial resources. That is why
different methods of accelerated testing have been
widely looked into and practically applied, aiming to
lower the costs of the exploitation of the system.
The existing maintenance systems display
certain deficiencies which are manifested in vari1530

ous forms - exceeding of planned delays and unplanned failure, which adversely affect the fulfillment of production plans and lead to increased
consumption of resources and financial means.
Optimization of technical diagnostic procedures represents a set of activities for the introduction of parameters and methods necessary for
assessing the current technical state of the components used for planning preventive maintenance
activities or forecasting the state of components in
the electrical power system in the future.
Through technical diagnostics of parameters and
values used in the exploitation process of the turbogenerator, it is possible to develop a model to determine the optimal period of operation of components
in order to check the state and design procedures of
preventive maintenance in order to prevent failures.
The essence of the optimization of technical diagnostics is the selection of the best options from a
number of possible or affordable options in terms
of adopted criteria. The optimal solution is a compromise between the possibilities and limitations.
The criterion is usually expressed by the criterion
function of the operation of the components that
should reach the global extremum as the most favourable solution, in terms of existing constraints.
In the general analysis of the past projects in
this field (Dimenberg, F N and Kolesnikov, K S,
1989; Gertsbakh I B, 1987; Brankovski M, 1997;
Hill C,1989; Bernev E R, 1989; Barlow R, 1995;
Richard F, 1986; Haith D A, 1986; Gill E, 1989;
Mihalevič B C, 1991; Misra B K, 1982, Zuber
N et al., 2010;), methods of problem solving and
models of optimization of the process of technical
diagnostics of technical systems are discussed.
In their book, Dimenberg, F N and Kolesnikov,
K S (1989), presented a completed analysis of basic
Volume 7 / Number 4 / 2012
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values of vibrations - mechanical oscillations, which
occur during the operation of turbogenerator components of and they analysed the existing data on failures caused by increased mechanical oscillations.
In his paper, Gertsbakh I B (1987) presented an
analysis of models of preventive maintenance designed upon state based maintenance. The models
are in the standard form and include the prevention of adverse consequences occuring in the components of technical systems where the technology of preventive maintenance was not applied.
In his book, Brankovski M (1997) presented an
analysis of mechanical systems in terms of constructive solutions, reliability and convenience
of exploitation. He clearly defined conditions of
operation of a turbogenerator system that allow a
fault tree analysis of the system components. This
approach enabled the formation of the universal
fault tree of any mechanical system.
In his book, Hill C (1989) provided a basic
analysis of mechanical vibrations - mechanical oscillations, which occur during the operation of the
basic components of turbogenerators. The book
also analyses the nature of occurrence of mechanical vibrations during the operation of the system
and presents, for various cases, a mathematical
form for their values, and effect of changing temperature parameters on the bearings.
In his paper, Bernev E R (1989) developed a
sequential method (method of successive variations) for the optimization of the technical diagnostics when measuring vibration. The method is
simple and is applicable to both linear and nonlinear objective functions. It can also be applied to
all parallel and serial configurations of the system.
In his paper, Barlow R (1995) solves the problem of systematic coordination of a hydrosystem
and monitoring the damage on sliding bearings
given the circumstances and time. The problem
could be solved by the reduced gradient algorithm
and the gradient projection scheme based on Lagrange multiplier.
Richard F (1986) explained effects of temperature change in turbogenerator bearings from the
point of reliability theory and the effects of wear
of the system components, and for various cases,
he provided a mathematical form for their values.
In his book Haith D A (1986) presented a math
problem and a model of nonlinear optimization of
Volume 7 / Number 4 / 2012

measuring diagnostics of turbogenerator vibrations.
He applied the adapted method of conjugate gradient. The results obtained from the optimization
of the Pacific Northwest Thermoelectric systems
represent the first successful approach to nonlinear
optimization of a large system that consists of 50
reservoirs. The model has approximately 600 variables, 4000 linear equations, 110 linear and nonlinear constraints and the nonlinear objective function.
The power curve is converted into the superable release function. If this new function is considered to
be concave, then the objective function is convex
and Lagrange procedure can be applied.
Gill E (1989) uses a discrete maximum principle for solving optimization problems of technical
diagnostics of the turbogenerator, thereby demonstrating the ability of this algorithm to take into
account the time of operation of the turbogenerator with defined state parameters, the possibility of
treating non-linear objective functions and nonlinear equations of state. The algorithm refers to the
system in the warm-up phase and operation of the
system after the completion of repairs.
Mihalevič B C (1991) applies the model of diagnostic failure of sliding bearings and temperature changes in the electrical power system. He
takes into account the variations and limitations
caused by the inadequacy of equipment and working conditions.
In his paper Misra B K (1982) established an
optimization algorithm of certain diagnostic parameters, and made short-term planning of maintenance taking into account the state of hydropower plants, performance characteristics and maintenance procedures. He finds the computing model
to be very efficient, convergence to be monotonous and the final result to be the global optimum.
The research (Yoichi H et al., 2008; Marcos P
A S et al., 2010; Song H et al., 2010; Mikhalev V
V et al., 2011) presents the analysis of model application of the technical diagnostics for monitoring components of hydropower system.
2. State Diagnosis of Turbogenerator Components
When diagnosing the state of turbogenerator
components (sets), or when controlling a number of
diagnostic parameters, the diagnosis is tantamount
1531
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to determining the value of the diagnostic parameter (S) and comparing them with defined standards.
The analysis of turbogenerator failures involves
a fault tree analysis of failures caused by the effects of vibration, high temperature and bearing
wear in the sets in question.
The following methods were used in data analysis in order to determine reliability of components:
Method 1: In this method, using the available
information on failures due to the impact of high
levels of vibrations, temperature and bearing wear,
we try to define the following empirical functions:
density distribution fa(t), failure intensity λa(t) and
reliability Ra(t).
Method 2: This method is used to select the
statistical reliability distribution of the analysed
components that fits best the obtained information
on failures that occurred due to the impact of high
levels of vibration, temperature and bearing wear
during the exploitation of their operation.
Turbogenerator state is determined by structural
parameters X1, X2,..., Xj, and the diagnostic process
measures the appropriate diagnostic parameters S1,
S2, ..., Sk, which contain the necessary information
on the state of other turbogenerator components.
Diagnosis is possible only when the number of diagnostic parameters is greater than or equal to the
number of structural parameters (n ≥ j).
In addition to structural parameters, diagnostic parameters are also very important. Measuring
structural parameters of turbogenerator components is directly dependent on diagnostic parameters. This is, in general, hard to achieve without
disassembling the turbogenerator set. Diagnostic parameters are indirect, individual measures,
which are associated with structural parameters
and convey the relevant information on the state
of the components.
Validity of resizing diagnostic parameters y(t)
can be expressed as follows (Sniedovich M, 1992):
......................... (1)
where:
v - is the coefficient characterizing the rate of
change of the diagnostic parameter,
t - is the duration of operation of the components in the course of their life periods,
1532

a - is the indicator of changes in diagnostic
parameters,
yn - is the nominal value of diagnostic parameter.
The marginal value of diagnostic parameter
(yg) is determined based on research and analyses,
and also on information accumulated while using
components based on technical, techno-economic
and functional criteria. Between the selected diagnostic parameter and the appropriate structural
parameter there must be a sufficient connection
function, which is time dependent. It usually uses
the correlation coefficient as a measure of the level
of connection.
Output parameters of the process of technical
exploitation define the essential features of the
process, whereby the technical condition of the
turbogenerator components can be determined
with total internal characteristics at a point in time,
where the transition of components from one state
to another happens randomly.
The assessment of the technical condition of
each component of the turbogenerator ε(t) can be
performed by diagnostic parameters ρ, that is (Adamovic Z and Nikolic D, 2004):
............................... (2)
When choosing diagnostic parameters it is necessary to determine the nature of their connection
to the parameters of the technical condition of the
turbogenerator components.
The stability of the diagnostic parameter is expressed with dispersion (ε) or the coefficient of
variation (ρ) and represents deviation from the
statistical mean (n), as the diagnostic parameter is
a random value.
Informativity of diagnostic parameters is evaluated through the number of information on the
state of the component of the turbogenerator involving the specific parameter (Zeleny M, 1985):
............................. (3)
where:
H(x) - is the total state of turbogenerator components (eg bearings),
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Hi - is the state of turbogenerator components
after the diagnostic procedure.
......................... (4)
where:
Pj - is probability of failure of turbogenerator
components which is revealed by diagnostics,
Ii - is the state of informativity of the diagnostic parameter.
The more information about the state of turbogenerator components there are in the diagnostic
parameter, the less work there will be after the
completion of diagnostic procedure (Hi), which
implies greater informativity of the diagnostic parameter (Ii).
Variation is the deviation of diagnostic parameters from the statistical mean.
Correlation is a feature that proves that the assessment of the technical condition of components
through a diagnostic parameter becomes impossible if it stabilizes at certain values of diagnostic
parameters, ie. if it approaches a certain value.
In solving specific problems, the coefficient of
correlation r (here r is the level of connection between e and r) can be used as a measure of connectivity between diagnostic parameters and relevant
parameters for the technical condition of components.
For assessing the reliability of the results, we
can use the reliability criterion μR which can be
obtained in the following way:
.............................. (5)
Np - is the number of changes that occur in
component assemblies,
r - is the correlation coefficient.
When forming the optimal model of preventive maintenance according to the state (based on
the state diagnostics of the turbogenerator components), the failure boundary is one of the most
crucial points and the applicability of the model
depends on its correct setting.
For each controlled parameter (vibration, temperature, bearing wear, etc.) it is necessary to deVolume 7 / Number 4 / 2012

termine the boundaries of failure, bearing in mind
the following:
– recommendations of manufacturers,
– Standards of JUS, ISO, VDI, etc.,
– diagrams
recommended
by
the
manufacturers of diagnostic instruments,
– experience in related and specific systems.
The practice requires procedures that enable
easy applicability of the boundaries of failure with
sufficient accuracy that was previously empirically confirmed.
After determining the values of parameters of
the state of the components (technical and technological criteria may be: mechanical vibrations,
temperature changes, bearing wear...), we should
define the criteria for setting the boundary conditions of the individual components.
The economic criterion takes into account the
costs of production and/or repair and replacement
of turbogenerator components etc. Safety and security must be considered in regard with possible
consequences of failures. Ergonomic aspects are
increasingly analysed because of the relations between the man and the turbogenerator (eg. noise and
vibrations, temperature change, required physical
strength when operating the turbogenerator, etc.).
Optimization of procedures for technical diagnostics of turbogenerators can be done in different
ways. One of the most common options is to use
methods or simplified schemes which can be described by different mathematical models.
Selecting the optimum for the defined criteria
and limitations is the immediate objective of optimization of technical diagnostics of turbogenerators. In that sense, the optimum does not need
to be a mathematical extreme of a corresponding
criteria function, it can also be a compromise solution that is considered best for the established criteria and limitations (eg, readiness, turbogenerator
availability etc.).
When researching failure of components that
interfere with correct functioning of turbogenerator components, diagnostic depth and the method
of parsing can vary in different weather conditions.
Depending on the results of performed check-ups
on the state of components, decisions are made on
preventive maintenance procedures according to
the state. Check-ups are performed based on test
1533
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parameters of the state of the components, and are
monitored at all times during their operation.
The analysis of the number of failures due to an
increased level of mechanical vibrations, temperature changes and bearing wear was performed on
turbogenerator components used as samples in the
observed period of exploitation (Figure 1).
Figure 2 describes causes of failures of individual components due to the effects of vibration, temperature and bearing wear, upon which it is possible
to determine the preventive maintenance actions.
Fault tree analysis displays peaked events
caused by increased levels of vibration or temperature. The values recorded at failures were used
to determine the reliability of the analysed components.
3. Statistical Method for Selecting Control
Parameters
The turbogenerator state is characterized by a
large number of parameters of the working process, although not all parameters of the working
process affect the state of turbogenerator components equally. If we control a large number of parameters, it is more likely that we shall correctly
predict the turbogenerator state. The best way to
select diagnostic (controlling) parameters of the

working process of turbogenerators is to perform
an analysis of all the collected information on the
operation of the turbogenerator.

Figure 2. Tree of failure of turbogenerator components
In order to analyse thoroughly the reliability of
the analysed components, we applied the selected
method and calculated their mutual correlation to
determine how safe their operation is.
If we perform an analysis of reliability on n related turbogenerator components with the starting
time t=0, then at any point of time ti will be ni(ti)
of components that haven’t failed.

Figure 1. Layout with numbered measuring points of vibration, temperature and bearing wear

(N1 - alarm clock, N2 - bell, N3 - bearing, N4 - the upper leading bearing, N5 - rotor, N6 - the lower leading bearing, N7 - turbine bearing, N8 - carbon seal, N9 - impeller, R1 - the consignment device, R2 - regulator)
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Failure density function fo(t) can be determined
according to the formula (Karmanov V C, 1986):

........ (6)
where: ti £ t £ Dti
The empirical failure intensity function lo(t)
equals the quotient between the number of failures within the time interval Dti and the number of
components that haven’t failed at the beginning of
this interval (Karmanov V C, 1986):

.......... (7)
where: ti £ t £ Dti
The empirical reliability function Ro(t) represents the probability of non-failure operation of
connected components during the period of time
t (Karmanov V C, 1986):
................................ (8)
where:
n1(t) - is the number of correct components at
the end of time interval Dti,,
n(t) - is the total number of analysed components.
The reliability analysis was performed based
on exploitatively obtained information using the
aforementioned methods to determine the lifetime
of analysed components:
Method 1: Using information on failures obtained by measuring the level of mechanical vibrations, temperature and bearing wear, we defined
the following empirical functions: distribution
density, failure intensity and reliability. From the
graphical representation of the information we can
tentatively conclude on the statistical distribution
of reliability, which will be subsequently used
when selecting the most suitable statistical distribution of reliability.
Method 2: This method was used for the selection of statistical distribution of reliability where
failure intensity function and reliability function
Volume 7 / Number 4 / 2012

are at the same time the corresponding functions
for collected information on failures.
For a symmetrical distribution of collected information, we applied Gaussian distribution law where
the distribution function has the following form:
....................... (9)
where:
T - is the duration of operation of the components,
- is the interval of operation of the component before the failure,
Φ - a function of time,
σ - deviation.
Based on previous equations, distribution density function totals to:
..................... (10)
The method of particular interest in this matter,
in addition to features already presented, should
include parameters that describe the continuous or
other changes of the state of turbogenerator components (eg. temperature changes in bearings).
4. The development of the optimization
model of technical diagnostic procedures
when measuring the bearing temperatures
Determining diagnostic parameters comes
down to the values of probability theory laws. The
model is used to determine the functional dependence of twin-peak amplitudes of the turbine shaft
and generators.
To form a universal optimal model of technical diagnostics parameters, it was necessary to
determine all the above mentioned parameters of
theoretical and exploitative analyses, and then link
them together into a mathematical model. This was
performed analytically in the form of the transfer
functions of the optimal model Sη(t), which will
define the operation of the analysed turbogenerator components.
A developed mathematical model is supposed
to determine the relationship between the periodicity of check-ups of parameters of the state of the
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components and signaling tolerance of parameters
of the state of the components, to ensure their proscribed state.
This model should establish a direct relationship between reliability and laws of changes of the
state of the parameters of a particular component
and has a task to determine the output characteristics of the model: the time of the „first“ checkup, allowed value of the parameter of state and
signaling tolerance of the parameter of state, and
perform the preventive maintenance procedures in
order to prevent a failure.
First we defined a model according to the selected measuring points, and then set up the structural block diagram connecting the turbogenerator
components.
The primary model implies reduction when
obtaining the optimal reliability function Gp(t). As
shown in Figure 3, it is an open system of automatic control.
Block diagram of the reliability of components
is shown in Figure 3.
Marks in Figure 3 are as follows:
M1 - measuring point of oscillation level on the
turbine shaft,
M2 - measuring point of temperature on the
bearings,
M3 - measuring point of bearing wear.
Once measuring points on the turbogenerator
components were defined, we focused on analysis
and determining the model in case of temperature
change, that is, obtaining the optimal reliability
function as shown in Figure 3 (measuring point 2).
Measuring point M2, includes the following components: carrier bearing (N3), the upper
leading bearing (N4), rotor (N5), the lower leading
bearing (N6).
We took circular velocity of the shaft ωN3 = ωN4
= ωN5 = ωN6 as the prevailing angular velocity affecting the temperature of the bearings.

So MNi for the analysed components N3, N4, N5
and N6 totals to:
.......... (11)
............. (12)
............. (13)
............. (14)
where:
RN(t) - is the reliability of the impeller during
operation,
A(t) - is the size of the amplitude at selected
measuring points,
ωN - is the angular velocity of the set.
t - is the duration of the operation of the component - the impeller,
(P-R)N(t) - is a polynomial with the real coefficients of the reliability dependence in the function
of the operation of components.
Determination of partial blocks of reliability:
........ (15)
....... (16)
The transformed structural block diagram for
the selected model is shown in Figure 4.

Figure 4. Set of components for monitoring temperature in bearings

Figure 3. Block diagram of reliability of the analysed turbogenerator components
1536

Volume 7 / Number 4 / 2012

technics technologies education management

In order to obtain a general form of the transfer
function of the optimal model, it is necessary to
determine the terms used in the model Ni covered
by measuring points.
This model determines the level of temperature
on the shaft bearings, so the resulting part of the
model is as follows:

...................................... (17)
For the interval of statistics group
(68ºC<Ti£71ºC) and the adopted values (k = 6
and DTi = 0.5) we can calculate basic indicators of
exploitation distribution, the values of which are
shown in Table 1.
5. Research Results of Temperature
Changes in Bearings
Measuring temperature in individual bearings of
the turbogenerator was performed using probes for
measuring hot air temperature, one of which was
built in the turbogenerator housing in front of the radiator, and the other was placed outside the housing.
We set up a mercury thermometer with two fixed points in support and leading bearings, one of

which gives away a signal when the temperature
reaches +55ºC, and the other suspends the turbine
when the temperature increases +75ºC, with the
resistance thermometer.
In a complex system the temperature in a bearing is monitored for a whole day as one of the features of quality, in order to determine the stability
of its changes over time and to optimize technical
diagnostic procedures using the model. Measuring
the temperature in bearings was conducted every
40 minutes, so the sample size was n = 4 (Table
1 - Hydropower Plant ‚’Vrla-3’’, Serbia).
Based on the established model we presented
the parameters of monitoring temperature changes
at specific measuring points of turbine and generator bearings within a period of time.
6. Calculating the Distribution of Temperature Deviations in the Bearing
Based on the collected information and established extreme values of temperature deviations in
the bearings we formed an interval of a statistical data set 68oC< Ti£71oC that, based on the total amount of information (n=36), can be divided
into k=6 group intervals of equal width DTi = 0.5,
which represents the optimum value.
For the interval of the statistical data set
(68oC<Ti£71oC) and established values (k = 6 i DTi
= 0.5) we calculated the basic indicators of exploitative distribution [1-6], as shown in Table 2.

Table 1. Temperature deviation measured using parameters of the state of the components in the bearing Tmi within a specific period of time
R.B.
N3
N4
N5
N6

Temperature deviation values in the bearing T [°C]

6
70.3
68.8
68.2
69.7
40

7
69.6
69.4
69.1
69.0
20

8
69.3
69.8
70.2
70.7
00

840
70.2
70.0
69.3
69.2

920
68.8
68.2
68.7
69.4

1000
69.7
69.3
69.8
70.2

1040
70.8
70.5
69.9
69.6

1120
69.5
69.2
68.9
69.6

1200
69.3
68.8
68.6
68.4

1240
70.1
68.6
69.3
70.1

1320
69.9
69.7
69.6
70.4

1400
70.2
69.7
69.9
70.8

Table 2. Basic parameters of „bearing temperature”
R.b

Group interval

Tmi

Dni

fe(t)

Dne

Fe(t)

1.
2.
3.
4.
5.
6.

68.0 – 68.5
68.5 – 69.0
69.0 – 69.5
69.5 – 70.0
70.0 – 70.5
70.5 – 71.0

68.25
68.75
69.25
69.75
70.25
79.75

3
7
10
9
5
2

0.0833
0.1944
0.2778
0.2500
0.1389
0.0556

3
10
20
29
34
36

0.0833
0.2778
0.5556
0.8056
0.9444
1.0000
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Numerical statistical properties of collected information are:
The arithmetic mean of the sample of temperature measuring during the operation:

Parameter of monitoring differences when
measuring:

.................. (18)

Since T = 69.4167 oC we can say that distribution is approximately symmetrical.
Since b1 = 0.1065 we can say that the distribution is positively asymmetrical.
Since b2 = 2.3663 (h2= -0.6337) we can say that
the distribution is wider compared to a normal one.
Checking up the accordance of collected information with a theoretical distribution model (in
this case Gaussian model) is conducted using a
straight line. Points of distribution functions F(t)
and temperature T are entered into the Gaussian
probability map (Table 3).
Based on the method of least squares for the
distribution function Ft(t) and the values from Table 3, we determined a theoretical straight line in
the Gaussian probability distribution map:

Monitoring changes when measuring bearing
temperature during the operation:

....................................... (19)
Standard deviation of the sample when measuring temperature:

.................. (20)
Based on the values of parameters V, b1, b2,
h2 we compared and monitored the temperature
deviation in bearings, in order to determine the
stability and quality during the operation, and we
obtained the following parameters:
Parameter of variation:
...................... (21)

..................... (24)

........ (25)
With the values of the parameters of Gaussian
distribution (m = T = 69.4167, s = 0.6562 i Φ =
0.4173), it is easy to form the Gaussian distribution function, as follows:
Distribution function (cumulative probability):

Asymmetry parameter of the state of the components:
................. (22)
Parameter of comparability of the state of the
components:
................... (23)

........... (26)
The distribution law (relative probability) or
density distribution function:
......... (27)
Accordingly, the values of theoretical reliability indicators of bearings are shown in Table 4.

Table 3. Linearization of Gaussian distribution function F(t) of temperature deviation in bearings
i

Tmi

xi=Ti

Ft(t)

1.
2.
3.
4.
5.
6.

68.25
68.75
69.25
69.75
70.25
79.75

68.25
68.75
69.25
69.75
70.25
-

0.0833
0.2778
0.5556
0.8056
0.9444
1.0000
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yi =

Ti − Tmi

s

-1.3800
-0.5900
0.1400
0.8600
1.5900
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Table 4. Parameters of theoretical Gaussian indicators of bearing temperature deviation
R.b.
1.
2.
3.
4.
5.
6.

Group interval
68.0 – 68.5
68.5 – 69.0
69.0 – 69.5
69.5 – 70.0
70.0 – 70.5
70.5 – 71.0

Tmi
68.25
68.75
69.25
69.75
70.25
79.75

n
2.2527
6.5315
10.5964
9.6190
4.8858
1.3886

So, for probability of 50% bearing temperature is
T50% = 69.4167oC, for probability of 80%, T80% =
68.8642oC or probability of 90%, T90% = 68.5757oC.
Gaussian distribution of bearing temperature
deviations is accepted at the significance level of
a = 5%, based on non-parametric tests (Table 4)
which represent the real situation.
The capability rating of the testing process of
technical diagnostics parameters when measuring
temperature is carried out based on (Brankovski M,
1997; Duckstein L and Krzusztofowicz R 1987):
The relative width of the working process of
components:

ft(x)
0.0626
0.1814
0.2943
0.2672
0.1357
0.0386

nr
0.3500
0.5404
0.4468
0.0200
0.3280
0.2548

Ft(x)
0.0375
0.1539
0.4013
0.6950
0.8980
0.9793

gure 5-b) with the adjusted theoretical Gaussian
distribution curve.

a)

....... (28)
Index of precision of components during operation:
............ (29)
Index of accuracy of components during operation:
........... (30)
The relative width of the scattering process is fp
= 131.24 > 75 - which is more than 75 % of tolerance. Since the index of precision is: Cp = 1.7620
< 1 it can be said that the system or the process
is precise, or since the index of accuracy is Cpk =
1.7196 > 1 the system or the process is correct.
Based on the values of fp, Cp and Cpk we can
conclude that a complex system or process is able
to reach the required features of quality and to affect the determination of the optimal solution for the
technical diagnostic procedures of turbogenerators.
Based on the collected information and parameters m and s, of the Gaussian distribution, it is
possible to construct a histogram and a distribution polygon (Figure 5-a) and a cumulative (FiVolume 7 / Number 4 / 2012

b)
Figure 5. Diagram of changes in the parameters
of the state of the components in the distribution
function of the bearing temperature deviation
The application of the new models provide
comparison between collected and theoretical values, where we can notice the difference between
the newly established model and the existing models that serve the same purpose.
The diagram in figure 6 represents the changes
in selected diagnostic parameters during the operation of turbogenerator bearings for 60 minutes
(Table 5). The diagram also shows temperature
changes in the bearings. The ambient temperature
was Tamb=17°C. It can be concluded that the greatest temperature change (∆T1 ≈ l2°C) was recorded
in a generator bearing (T1).
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This is usually explained by the fact that the drive
shaft rotates at the greatest angular speed (600 min-1),
and by a relatively low flow of oil that lubricates the
bearing (V ≈ 0,9 l/min). The temperature rise in the
second bearing T2 during the operation of the turbogenerators is ∆T2 ≈ 5°C, while the increase in temperature in the third bearing T3 is practically negligible.

Figure 6. Diagram of temperature changes in
bearings in 60 minutes at the measuring point 1

The diagram in Figure 7, shows that changes
in the measured diagnostic parameters - bearing
temperature during operation of turbogenerators are small, and thus provide the optimal values in
regard to the prescribed ones. The second measuring on the turbogenerator lasted ≈ 60 minutes, and
it is important to note that the generator set used
was burdened with a load (Table 6). We concluded from failure analysis that a large number of
failures could have been prevented by using the
temperature changes diagnostics in bearings.
Malfunction of observed turbogenerator components (bearings) can affect the quality of functioning of other components, which can cause major
delays and even break-ups. Based on the performed
measurings and application of the developed model we were able to determine the optimum way for
applying diagnostic methods to achieve maximum
effectiveness of turbogenerator components.
With measuring and analysis of temperature
changes, and the introduction of the developed
model of technical diagnostics, the reliability of
operation of bearings has increased by 25% compared to the current situation.
7. Conclusion
The By applying the developed optimal model
of monitoring operation safety of the turbogenerator components and introducing preventive maintenance procedures, it is possible to directly affect
their proper operation. This model can be used to
optimize technical diagnostic procedures and to

Figure 7. Diagram of temperature changes in
bearings in 60 minutes at the measuring point 2

Table 5. Temperature deviation in bearings during a day

N3
N4
N5
N6

600
70.1
61.2
57.9
66.7

700
74.1
62.9
57.8
63.5

800
74.7
64.4
57.8
61.7

Temperature deviation in the bearing T [0C]
900
1000
1100
1200
75.4
76.2
76.4
76.9
65.9
66.1
67.7
68.8
57.9
57.8
57.8
57.8
62.6
64.3
64.9
67.2

1300
78.1
68.9
57.9
65.8

1400
79.1
69.2
57.9
64.7

1500
79.3
69.7
58.2
66.9

1300
78.9
67.1
58.1
63.6

1400
79.1
68.1
58.5
65.2

1500
79.3
68.7
58.9
63.1

Table 6. Temperature deviation in bearings during a day
Temperature deviation in the bearing T [0C]
N3
N4
N5
N6
1540

600
68.2
62.7
57.9
61.6

700
73.4
63.1
57.8
63.8

800
78.8
63.3
58.2
65.4

900
76.1
63.8
58.4
60.7

1000
78.6
65.2
58.7
63.3

1100
78.8
65.7
58.9
67.9

1200
78.8
66.8
58.9
61.7
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place proper functioning within the limits of acceptable risk, which can result in saving that is manifested as greater productivity of turbogenerators.
By applying the optimal model we can determine
frequent operational safety of the analyzed components in a particular time, upon which it is possible
to predict their working conditions. Functional safety
of the analyzed components increased by 16.675%,
thus confirming the validity of the new model.
The effectiveness of the developed optimization model refers primarily to conditions in which
decisions are made on what actions to take during
the operation of system components with acceptable risk, in order to predict and prevent failure of
components, as well as to monitor the state of the
components and processes, which are fundamental for planning the operation of turbogenerators.
Finally, it should be noted that performed tests indicate directions for further improvement in
the field of optimization of technical diagnostics
in order to analyse the work process and optimize
preventive maintenance procedures in the electrical power system as a whole. In this regard it is
necessary to define all important influential factors and parameters, especially those that affect
the risk of failure, for comprehensive monitoring
of operation of all its components.
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Abstract
This paper shows the model of supplies management within a concrete manufacturing chain.
It gives some theoretical basis for the model developed from the aspect of different real supplies
management conditions within the supply chain.
It also defines the basic concept of the objectivly
oriented approach and the example of the supplies
determination in real manufacturing conditions in
a Business Manufacturing System (BMS).
Key words: Inventory control, supply chains,
production planning, genetic algorithm.
1. Introduction
Reserves represent raw materials, half-finished
goods-which are called the unfinished production
of the finished goods which are kept by one organisation for its operative needs. As such, the reserves represent a significant investment and a potential source of the waste material which should
be controlled very carefully.[1] The process of social reprtoduction, viewed from the macro aspect,
in most cases isn’t a homogenuous, continual process, and in some phases already has disparities.
Those disparities can be:
– Time (intertemporal),
– Space (interlocal)
– Qualitative
– Quantitative
Reserves, as an economic category, appear at
different places in the reproduction process, at different time, different shape and different structure.
Each of the shapes of the reserves aims to help the
overcoming of the mentioned disparities. The reserves mostly manage to fulfil that task, but, with
many oscilations in the effects. Namely, some1542

times they are an obstacle to the further process
of reproduction, and in most cases they are a difficulty to that process.
Because of the previously mentioned statements,
the reserves can be defined in a following way: the
quantity of the raw materilas, additional parts, tools,
devices, half-products and finished products can be
considered reserves in a general case.[2]
The function and the basic aim of the reserves is
to provide a continuous and rational run of the whole
process of the social reproduction. The reserves cannot fulfil this aim only if there aren’t enough of them
and of the proper quality in the storage. However,
they fulfil this aim when there are optimal amounts
and more of them in the storage.
The task of the supply service is to provide a certain level of reserves, the optimal amount of them
and a satisfying quality. So, the level of the reserves
which is higher than the optimum, as well as the
level which is lower than the optimal one, indirectly
reflects the quality of the enterprise’s business.
From the aspect of marketing, the optimal level
of the reserves is easier to make with the reserves
which serve as repromaterial, than with the reserves
of the finished products which serve directly to the
consumed maturity. There is a different approach
to the production of these reserves because of the
problems in planning the needs. In the production process with less risk, we make the plan of
the needs of the reserves. Along with many factors
which make the making of the reserves of finished
products much harder, we mention several: competition, price, transport, the research of the market, the communication marketing etc. In a market
enterprise which deals only with the circulation
and doesn’t have any additional activity (packing,
marking, finishing etc.), its reserves of the goods
can be considered as the finished-goods reserves.
Volume 7 / Number 4 / 2012
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At the optimal level of reserves, among others,
a significant effect has: the type of the production
and the size of the production series. If the series
is bigger, the price of the products is lower but the
costs of the production are higher. All previously
mentioned problems, and others which are not
listed, request both the professional and the scientific approach. In that sense, there are many models and methods which deal with this problem.
The aim of our interest in finding the solution
to this problem is also to show one qualitativequantitative model with which we can come to
an optimal solution very easily. We took minimal
overall costs of the supplies for a previously determined time interval.

For the supply chain, the only source of income is
the buyer. The success of the supply chain should
be measured by its profitability, and not by the individual phase profit.

2. The management of the supply chain

2.1 The phases of making decisions in the
supply chain

The supply chain consists of all included phases, directly or indirectly, with the fulfilment of the
requests of customers. The supply chain includes
not only manufacturers and suppliers, but also the
transport, storage, selling and customers. Within
each organisation, like a production one, the supply chain includes all the functions which are a
part of the process of fulfilment the requests of
customers. These functions include the development of new products, marketing, operations, distribution, finance and customer services. [3,4,7]
The supply chain is dynamic and embraces
the continuous runs of information, products and
means between different phases. Each phase in the
supply chain runs different processes and interacts
with other phases of the supply chain.
A typical supply chain can imply different
phases. These phases are shown in the Graphic 2.1
and imply the following:
– Buyers,
– Retail,
– Sale/distribution,
– Manufacturers and
– Components/raw materials suppliers.
The aim of each supply chain is to maximize
overall generated value. For most commercial
supply chains, the value is in severe correlation
with the profitability of the supply chain, by the
difference between the income generated by the
buyer and overall costs along the supply chain.
Volume 7 / Number 4 / 2012

Graphic 2.1 Phases in the supply chain

A successful supply chain demands several decisions connected to the run of information, products and resources. These decisions make three
categories or phases, depending on the frequency
of each decision and time frame in which the decisions have some effect.
2.2 The strategy or the design of the supply
chain
During this phase, the enterprise makes a decision about the structure of the supply chain. It defines the configuration of the supply chain and the
processes in each phase. The decisions made in this
phase are also called strategic decisions in the supply chain. The strategic decisions imply the location and capacities of the production and storage
departments, the products which will be produced
or stored at different locations, the means of transport which will be used and the type of the information system which will be used. The enterprise has
to ensure that the configuration of the supply chain
supports the strategic goals during this phase.
2.3 The planning of the supply chain
As a result of the planning phase, the enterprises
define the pack of operation traits which manage
the short-term operations. The configuration of
the supply chain determined in the previous phase
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poses the limits among which the planning has to
be done. The enterprises start planning with predictions for the coming year at different markets.
The planning implies the decisions dealing with
the markets which are going to be supplied and at
which locations, the agreements between the manufacturers, the policy of the supplies, the policy
which will be established according to helping locations in case there is a reserve shortage, and time
and volume of the marketing promotion. Within
this phase, the enterprises have to imply the independent market, course rates for the exchange and
competition during this time horizon.
2.4 The operation of the supply chain
The time horizon is here divided into weekly
and daily, and during this phase the enterprises
make decisions which deal with the individual orders of the buyers. At the operative level, the configuration of the supply chain is considered to be
fixed and the traits already defined. The goal of the
operations of the supply chain is for the traits to be
implemented in the best possible way. During this
phase, the enterprises manage the individual orders for the production or storage, make terms for
deliveries, generate the list of orders in the storage, make orders for filling. Because the operative decisions are made in the short run (minutes,
hours, days), there is a small suspense in the information about the orders. The aim of this phase
is to use the cut of that suspence and optimize the
performances in view of the limits in the established policies of the configuration and planning.
Competition strategy of an enterprise defines
a pack of needs which aims to satisfy through its
products and services. The strategy of the supply
chain determines the nature of procuration of raw
materials, of the transport of the material to and
from the enterprise, the production of the product
or the operation for giving services and distribution of the products to the buyer, together with all
following services. The decisions about the reserves, transport, locations and the flow of information in the supply chain are part of the unique
strategy of the supply chain.
The strategic compatibility means that the competition strategy and the strategy of the supply chain
have the same goal. That relates the consistency
1544

between the priorities of a buyer which the competition strategy is designed to fulfil and the possibilities of the supply chain which the strategy of the
supply chain tends to build. There are three basic
steps for achieving the strategic compatibility:
1. Understanding the buyer. First, the
enterprise has to understand the needs of the
buyer for each goal segment. These needs
help the company to define wanted costs
and requests for services.
2. Understandin the supply chain. There are
many different types of the supply chain,
and each of them is designed to do certain
tasks in an effective way. The enterprise has
to understand what their own supply chain.
Is rest desing for.
3. Achieving the strategic compatibility.
If there are any incompatibilities between
the things which the supply chain does
good and the needs of the customers, the
enterprise has to restructure the chain in
order to support the competition strategy, or
to change its own strategy.
Graphic 2.2 shows the zone of the strategic
compatibility.

Graphic 2.2 The zone of strategic compatibility
The domain of strategic compatibility relates
the functions and phases within the supply chain
which coordinate the strategy and relate the mutual goal. When the domain is narrow, the individual functions focus on the optimization of their
own performances based on their own goals. This
kind of practice often results in conflict actions
along the supply chain which lessen the overall
contribution of the supply chain. As the domain
of strategic compatibility is widened to the whole
Volume 7 / Number 4 / 2012
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supply chain, the actions are based on their effect
on the performances of the whole supply chain,
which helps in maximizing the overall effect of
the supply chain (table 1).
The enterprise which has achieved the strategic compatibility found the right balance between
the reactions and efficacy (Graphic 2.3). Each of
the drivers affect the balance. A bigger number of
departments, in general case, contributes to a better reaction of the supply chain, while only few
central departments creates higher efficien. The
investment in the information, that is in the information system, can significantly improve the
supply chain in both directions. However, at some
moment the managers of the supply chain should
determine whether the improvement of the benefits from the information to the supply chain could
justify bigger costs of the information.
A bigger variety of the products, a shorter life
cicle of the products, buyers with greater and
greater requests and the global competition make
the creation of the strategy of the supply chain
even harder because these factors can lessen the
performances of the supply chain. A bigger globalization in the supply chains and the fragmentation of the ownership in the supply chains, also
make the performance of the strategy of the supply chain harder.
Table 1. The overall multifunctional domain of
the strategic compatibility

Graphic 2.3 The frame of the decision making in
the supply chain
3. The model of reserves
The theoretic model of the reserves is defined
in the system where the manufacturer orders raw
material, and then, through the production process,
changes the material into a finished product which
is eventually delivered to the customer. The variable which is observed and according to which the
minimal costs of the observed model are calculated is the variable Q, which represents the amount
ordered by a customer per one order (that is the
amount which is at once distributed to the storage
of the finished material in the market centre). The
goal of the model is to get the optimal value of the
variable Q, for which the value of the overall costs
of the observed supply chain is minimal (TC).
The limits of the model are:
D = const; P = const.; P>D; (G) ≠ f(Q).
The marks used in the model are:
D – the annual amount of finished products which
is needed by the buyer, (t/annually),
P – the amount which can be produced by the
manufacturer in a year time (t/annually0,
Dr – an annual need for the raw materials in the
production (t/annually),
f –f = D/Dr ≤1, the factor of the conversion of raw
materials into the finished products
A – the costs of the buyer orders (that is, the costs
if the distribution to the distribution centre),
S – the costs of the production preparations of the
manufacturer
G – the costs of the ordering of raw materials
Cq – the costs of managing the reserves of the
buyer per one unit of the finished product, din/t
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r – the annual capital investment in the reserves
Q – the amount ordered by the customer at once,
If the price of the supplies according to the
t/order
model
of urgent orders is the same as in the reguQM – the amount produced in the production cycle,
lar supplies, then we have the following equation:
t/cycle
QR – the amount of the ordered raw material, t/
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Only variable Q is observed as the decision
changing, while QM and QR are tied to Q, according
b) If we consider a more real case, where the
to relations: : QM = (n+1)Q; QR = kQM/f = k(n+1) price by the model of urgent supplies is higher in
Q/f. Where: n is the relationship between the or- comparison to the regular supplies (G >G), we
1
dered products by the buyer and the amount of the come to the following equation:
products which are produced by the manufacturer.
∀ n = 0 is about the just-in-time production; ∀ n >
  D  D
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1 ) (n + 1 ) and the amount
2 
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spent
by the manufacturer in the production cycle, where
k equals (1,2,3,......., m) ∪ (1,1/2,1/3,..........,1/m)
4. Reserves in contemporary market and
and m is the whole number. ∀ k = 1, the amount
technological conditions
of the ordered material equals the amount needed
for one cycle of production; ∀ k > 1, the amount
The task of this paper is to define the amounts
ordered is bigger than the amount needed for the of the reproductive material kept as reserves in a
production cycle so a part of the material is kept contemporary way, in order to produce a product
as the reserve; ∀ k < 1, the amount of the ordered with minimal resources, so that the reserves are
material is less than the amount needed for the minimal.
production cycle, so during the cycle there has to
In order for the planning of the reserves of rebe an additional ordering of the goods, accord- productive material to be real and in line with the
ing to the model of urgent orders. In this way, we requests and tasks of the enterprise, it is necessary
can consider the flexibility of the supply chain it- to constantly question and observe the market of
self, because only with flexible supply chains the the supplies of reproductive material. In that way
changes of n and m are possible, according to the the enterprise lessens the risk of the wrong orientamarket requests. According to the defined limits, tion in the reserves of the reproductive material, as
we have developed the following equations of the well as the planning of those reproductive material
model for different terms of business:
which cannot be provided in the wanted time.
Case 1: (k≥1; kÎ(1,2,3,4,.........,m))
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The technology which should be applied is GA
with which we see and model the real system.
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5. The methodology for solving the optimizing problem
One of the evolution methods which is very effective for solving these combinatoric optimizing
problems is the genetic algorhythm (GA). The advantages of the GA are: [8,9,10]
– The objective function which shoul be
optimized is completely average, that is
there aren't any special requests such as
continuity, differentiability etc.
– It can be applied to a great number of
problems of different nature;
– The structure of GA provides many
possibilities of improvement and enlarging
of the eficciency of the algorhythm;
– The realibility of the results can be enlarged
by a simple repetition of the actions;
– The result is a pack of solution and not only
one solution.
– It solves all the problems which can be
shown as optimizing, no matter if the
variables are the real numbers, bits or signs;
– It simly applies to multidimensional
problems;
– There are finished computer packs which
can be applied for the solution of concrete
problems. This paper uses a computer
realisation of GA whithin the computer
programme MATLAB.
Weak points of GA are:
– It has to be adjusted to the given limits;
– It is often necessary to adjust the problem to
the algorythm;
– It has a big effect of parametres on the
eficcien. There isn't any universal rule for
adjusting the parametres;
– The convergention is slower than other
numeral methods. Because of many
functions, GA is very slow.
– There isn't a 100% reliability of the solution.
GA works with the population of units. Each
unit is a potential solution to a given optimizing
problem. The unit can be described as a pack of
variable conditions abaut the values that are being optimizes. The quality of the unit is quantified
over the value of the fitness function of the funcVolume 7 / Number 4 / 2012

tion of goodness. The population of units is a pack
of solutions to the given optimizing problem. One
generation has the population with a certain number of units which have better or worse values of
the fitness function. GA is a process which is done
in sequences, by the application of three basic operaters: selection, crossing and mutation. Eventually there is a new generation of the population of
units (solutions). After a certain number of generations, the process GA is stopped. The best unit
from the last generation represents the solution
of the optimizing problem, which is usually very
close to the global optimum.
One iteration of GA can be divided into two
phases. At the beginning of the process there is a
current population. The selection enables the elimination of bad units (solutions) and surviving of
better units (with better fitness functions). In that
way we create one mid-population (the pairs of parents). The selection can be understood as the formation of these pairs-parents. The next phase are
the operations of crossing and mutation. Crossing
is the process which, by the exchange of the parent
genes, there appear two new units-children. After
that, there is the mutation process, by which the
units from generation to generation become better
and better, which means that the values of the variable conditions are closer to the optimal values. The
structure of GA is shown in Graphic 5.
This paper uses the computer realisation GA in
the program pack MATLAB R2008b within the
toolbox/gads module.

Graphic 5.1. The structure of genetic algorhythm
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6. Test example
The described methodology is applied to two
characteristic examples, with the following parameters:

the additional costs which are caused by the urgent
orders during the production cycle itself.

D=1000 (t/annually); P= 1200 (t/annually);
Dr =1100 (t/annually); f =0.91;
A=50000 (din/order); S=520000 (din/quartal);
G=780000 (din/quartal);
Cq=130000 (din/t); CV=130000 (din/t);
CR=130000 (din/t); r=1;
1st Case: The scopes of possible values of the
variables which need optimal values are:
k=[1÷5];

n=[1÷2];

Q=[1÷1500] ( t/order);

This example shows the relationship between
the ordered amount of raw material and the amount
which is spent by the manufacturer in the production cycle, which is higher than one or equals one
which means that the amount of the ordered raw
materials is higher than the amount spent in the
production cycle (k.1).
The application of the described methodology
brings to the optimal values of the driving variables which have minimal overall costs:
k=2.9;
n=2;
Q=28 ( t/order);
TC= 21733000 din/annually
With achieved optimal values of the driving
variables (m, n, Q), for the amount of the products
per one production cycle QM and the amount of
ordered raw material QR we get:
QM = 84 (t/cycle);

QR=258 (t/order)

Graphic 6.1 gives the change of the best and
average value of the fitness function during the
process of GA in the process of reaching the optimal solution.
The first case is that the amount of the raw material for the production is higher than the amount
needed for one production cycle. In that way, a certain amount of raw material is found in reserves of
the manufacturer. This way of production brings
us to somewhat higher costs of storage, but not to
1548

Graphic 6.1. The process of GA in the process of
reaching the optimal solution for the example 1
2nd Case: This example shows the relationship
between the amount which is spent by the manufacturer in the production cycle which is lower than
one or equals one which means that the amount
of ordered raw material is lower than the amount
which is spent in the production cycle (k,1).
k=[0.1÷1]; n=[1÷2]; Q=[1÷1500] ( t/order);
Now we get these results:
k=1;
n=1;
Q=1500 ( t/order);
TC= 249490000 din/annually
With the given optimal values of the driving
variables (m, n, Q), for the amount of products per
a production cycle QM and the amount of ordered
raw material QR we get:
QM = 3000 (t/cycle);

QR= 3296 (t/order)

Graphic 6.2 gives the change of the best and
average value of the fitness function during the
process of genetic algorythm in the process of
reaching the optimal solution for the Example 2.
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get the optimal value of the produced amount of
the material and in that way minimal overall costs
of the observed integrated production process.
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7. Conclusion
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of raw material is in the reserves of the manufacturer. This way of production brings us to somewhat higher costs of storage, but there aren’t any
additional costs caused by urgent supplies during
the production cycle itself. The second case was
about the model with urgent supplies, but at the
price of raw material which is equal to the price in
the regular supplies. In the defined conditions, we
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Abstract
An algorithm for recognition and retrieval of
image from image collection is developed. Basis
of the algorithm is the progressive wavelet correlation. The final result is the recognition and retrieval of the wanted image, if it is in the image
collection. Instructions for the choice of correlation threshold value for obtaining desired results
are defined. To increase efficiency is presented
two phases solution. The first phase uses wellknown methods of image retrieving by descriptors based on the content of the searched image.
In the second phase the progressive wavelet correlation method is applied on the small number of
image candidates selected in previous phase. Experiments are performed with data bases of 1000
and 10 000 images, using Oracle data base and the
Matlab component Database Toolbox for operations with data bases. The algorithm is applicable
to different formats of images.
Key words: discrete cosine transform, multiresolution, progressive wavelet correlation, recognition, wavelets.
1. Introduction
Images, drawings, photographs as means of
communication among people, for sending and
receiving messages have been part of everyday
life for a long a time. The easy to use World Wide
Web, the reduced price of storage devices as well
as the increased calculating power allow an essential and efficient management of large quantity
of digital information. All of these factors offer
a number of possibilities to the designers of real
image-browsing and retrieval systems.
However, image digitalization systems do not
allow for an easy management of collections of
1550

images. A particular form of cataloguing and indexing is still required. The need for efficient
storage and retrieval of images was recognized
by managers of large collections of images long
time ago and was studied at a workshop sponsored
by the American National Science Foundation in
1992 [1]. Data representation, feature extractions
and indexing, image query matching and user interfacing were identified as areas with a potential
for improvement. One of the issues identified was
the problem of locating a picture in a large and
diverse collection of images.
The earliest and the most sophisticated descriptor-based image recognition engine is IBM QBIC
[2]. Another set of content-based tools for image
recognition and retrieving have also improved
throughout the years. Examples for such tools are
VisualSEEk[3], WebSEEk [4] and ImageRover
[5]. ImageRover uses low resolution for image
representation in six regions in order to cover particular information along with the region based descriptors. The present commercially available engines for image recognition, based on descriptors,
provide no assurance that the required information
from the libraries can be found. For some applications such as for example, collections of medical
images or satellite images the even the smallest
details can be important. Descriptor based retrieval engines cannot meet satisfactorily such requirement. Reconstruction of details here happens only
to a particular level of resolution. In addition large
images can contain so many details which cannot
be comprised in any compact description.
An alternative approach to the problem set
forth above is pixel (elements of digitalized image) based recognition and retrieval. This type of
recognition involves analysis of the image. Still
this requires intense computing especially when
the image contains many subtle details. Despite
Volume 7 / Number 4 / 2012
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this fact, the existence of large number of operations per image doesn’t seriously restrict the application of pixel-based recognition and retrieval
techniques, especially not when it comes to research and experimental purposes.
Pixel-based techniques work by locating a particular pattern in a given image library. Popular
criteria for matching are the normalized correlation coefficients [6], which measure the differences
between images and patterns from the library. The
particular strength of these criteria is that they are
insensitive to uniform differences in brightness.
Some of the work done in the area of contentbased image retrieval and PWC (Progressive
Wavelet Correlation) [6] are outlined in Section 2
and 3. Our proposal about applying of the combination of content-based method and PWC for recognition images stored in a database is presented
in section 4. Results of experiments that use the
proposed system are presented in Section 5.
2. Content based image retrieval
Content-based image retrieval (CBIR) aims at
inventing techniques that support effective recognition and browsing of large image digital libraries based on automatically derived image features.
A typical CBIR system views the query image and
images in the database (target images) as a collection of features, and ranks the relevance between
the query image and any target images in proportion to feature similarities.
Many research works have been published in
the field of CBIR. However, no universally accepted model has yet been developed. The research concentrates on image segmentation based
on low-level features like color, shape, texture and
spatial relations. To find the semantic meanings or
high-level meanings of an image, like whether it
is the image of human beings or a bus or a train
and so on, is still a problem. Attempts are being
made to link low-level and high-level features.
However, it is proving difficult for the very simple
reason that there remains a vast gap between human perception and computer perception.
CBIR systems include two main sub-systems:
the server subsystem and the client subsystem
[7]. The server subsystem handles the processes
of feature extraction, database indexing/filtering,
Volume 7 / Number 4 / 2012

feature matching and system learning. The client
subsystem handles the process of querying.

Figure 1. System Architecture of CBIR system
3. Progressive wavelet correlation
3.1 Overview
In this section we summarize the technique described in [6], [8]. The fundamental operation for
recognition is the circular correlation x ⊗ y . The
jth entry of the circular correlation is defined as:
N −1

(x ⊗ y ) j = ∑ xi + j mod N
i =0

yi , j = 0, 1, … , N-1

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

where x and y are column vectors of length N.
The matrix form is x ⊗ y = X y
where X is left circulant matrix generated by x:
 x0
 x
X = 1


 x N −1

x1
x2

x0

 x N −1 
 x 0 
................. (2)
  

 x N −2 

The notation (P )i ↓ R denotes subsampling of P
by taking components whose indices are equal to i
modulo R. For example, if R = 4 and i = 2, the subsampling operation extracts the elements 2, 6, 10,
14, … from P. Progressive wavelet correlation using Fourier methods is based on four theorems: the
Wavelet-Correlation Theorem, the Fourier-Wavelet
Correlation Theorem, the Fourier-Wavelet Subband Theorem and the Fourier-Wavelet Multiresolution Theorem. To simplify the discussion all data
are assumed to be one-dimensional vectors.
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Wavelet-Correlation Theorem:
R −1

(x ⊗ y )0↓ R = ∑ ((H x )k ↓ R ) ⊗ ((H
k =0

y )k ↓ R ) ........ (3)

where H is wavelet-packet transform. × is the
Kronecker product of I M and W, H = I M × W
, where I M is M × M identity matrix and W is
an R × R matrix with property W T W = I R . The
wavelet transform packet matrix H has a special
structure. H is block diagonal with block size R. For
instance, W can be 2 × 2 Haar matrix:
 1  1 1 
 
W = 
 . ...................... (4)
 2  1 − 1

(

)

where FM is the Fourier transform matrix of
dimension M and F̂M is the complex conjugate of
FM .
Fourier-Wavelet Subband Theorem:

)

FN x = T N , M , R H −1 (FM , R H x ) ................ (6)
where N = MR. The matrix FM , R is an interlaced Fourier transform matrix with structure
FM , R = FM × I R , that is it has R interlaced copies of transform of size M. The matrix TN , M , R is
a Fourier update matrix that transforms FM , R into
FN : FN = TN , M , R FM , R .

FN / R , R H 1 x =

)

where N = MR2. H2 is a coarse transform matrix
that is block diagonal with block of size R2 with the
structure H 2 = I N / R 2 × (W1 × W1 ) and operates on
R2 subbands, each of length N/R2. W1 is an R × R
wavelet filter matrix with property W1T W1 = I R .
H1 is a fine transform matrix that is block diagonal
with block size N/R with structure H 1 = I N / R × W1
. There is an update matrix U2,1 that refines H1 into
H2, H2=U2,1H1. The matrix U2,1 is block diagonal
with block of size R2 with the following structure:

= TN / R , N / R 2 , R × I R U 2−,11 FN / R 2 , R 2 H 2 x

3.2 Method for image recognition
JPEG compression is based on the discretecosine transform (DCT) [6]. The matrix C8 is an
8 × 8 DCT matrix that is used to create transforms
of 8 × 8 subimages in a JPEG representation of an
image.
The multiresolution recognition process relies on the factorization of the DCT matrix C8 =
V8,4V4,2V2, where V2 and V4,2 are matrices built from
Kronecker products of W and the identity matrix.
The matrix V2 = I 4 × W consists of 4 interlaced copies of W and is of size 8 × 8 . The matrix
V4,2 has a structure V4, 2 = I 2 × (W × I 2 ) .
If we write C8 = V8,4V4,2V2 where V8,4 is a matrix
whose coefficients we want to compute, then
V8, 4 = C8V2−1V4−, 21 ....................... (10)
obtain the last expression by multiplying both

Fourier-Wavelet Multiresolution Theorem:

(

......................................... (8)

=

 R −1

= FM−1  ∑ (FM ((H x )k ↓ R )). * FˆM ((H y )k ↓ R ) 
 k =0

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

(

)

TN , N / R , R H 1−1 TN / R , N / R 2 , R × I R U 2−,11 FN / R 2 , R 2 H 2 x

U 2,1 = I N / R 2 × (W1 × I R ) ..................... (9)

Fourier-Wavelet Correlation Theorem:

( x ⊗ y )0 ↓ R

(

FN x =

........... (7)

sides by V 2−1 V4−, 21 . The matrix V8,4 satisfies equa-

tion V8, 4 = V (W × I 4 ) . The inverse of V is given

by (11), where g (m ) = cos(2pm / 3 2 ) .
The matrix H is an N × N matrix with the structure I M × C 8 where N = 8M. It produces the JPEG
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transform of a vectors of length N. Let x be image
stored as a JPEG transform of a vector Hx with an
instance of a pattern y with JPEG transform Hy.
The algorithm consists of three incremental steps,
each of which quadruples the number of correlation points. The process can be halted at any stage
if the intermediate results indicate that the correlation will not result in a match.
The three incremental steps are:
1. Coarse correlation – Generate the Fourier
transforms FM ,8 H x and FˆM ,8 H y . Multiply the
transforms point by point and partition them into
eight subbands of length M. Add these eights vectors and take the inverse Fourier transform of the
sum. Every eighth point of the correlation is generated.
2. Medium correlation – Multiply FM ,8 H x

(

(

by (T2 M , M , 2 × I 4 ) I M × (W × I 4 )V −1

(Tˆ

)(

(

))

))

FˆM ,8 H y by

× I 4 I M × (W × I 4 )V −1 . Multiply the
resulting vectors point by point and partition them
in four subband of length 2M. Add the subbands
and you will create a single vector of length 2M.
Taking the inverse Fourier transform of size 2M
yields the correlation at indices that are multiples
of 4 mod 8 of the full correlation.
3. Fine correlation – Multiply the x and y trans2M ,M ,2

form from the preceding step by (T4 M , 2 M , 2 × I 2 )

(

)

× V4, 2 ) and Tˆ4 M , 2 M , 2 × I 2 (I M × V4, 2 ) ,respec
tively. Multiply the resulting vectors point by
point and partition them in two subbands of length
4M. Add the subbands and you will create a single vector of length 4M. Take the inverse Fourier
transform of size 4M to obtain the correlation at
indices that are multiples of 2 mod 8 and 6 mod 8
of the full correlation.
4. Full correlation – Multiply the x and y trans-

(I

M

form from the last step by I 8 M , 4 M , 2 (I M × V2 ) and
Tˆ8 M , 4 M , 2 (I M × V2 ) , respectively. Multiply the re
sulting vectors point by point and take the inverse
Fourier transform of size 8M to obtain the corre
lation at odd indices.
Figure 2 is a flow diagram showing the steps
performed for an image recognition according to
the PWC method.
Volume 7 / Number 4 / 2012

Figure 2. Flow diagram of PWC method
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....................................... (11)
We investigate what happens in the two-dimensional case. Let the image size be N by N. In
step 1, we have 64 subbands of length N2/64. We
perform one step of the inverse 2D JPEG transfer
function, and one 2D step of the forward Fourier
transform function. The next step includes adding
the 64 subbands point by point to create a 2D array of size N/8 by N/8. Taking the inverse Fourier
transform, we obtain the correlations at points that
lie on a grid that is coarser than the original pixel
grid by a factor of 8 in each dimension. In step 2,
we obtain 16 subbands of size N2/16 by adding the
16 subbands point by point, and taking the Fourier
inverse. We will obtain the correlation values on
a grid that is coarser than the original grid by a
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factor of 4 in each dimension. In step 3, we obtain
4 subbands of size N2/4. Finally, in step 4, the full
resolution is obtained.
Formulas for calculating normalized correlation coefficients that measure differences between
images and patterns are given in [6]. Normalized
correlation coefficients can be computed from the
correlations described above. The normalization is
very important because it allows for a threshold
to be set. Such a threshold is independent of the
encoding of the images.
The normalized correlation coefficient has a
maximum absolute value of 1. Correlations that
have absolute values above 0.9 are excellent, and
almost always indicate a match found. Correlations of 0.7 are good matches. Correlations of
0.5 are usually fair or poor. Correlations of 0.3 or
less are very poor. There is a tradeoff between the
value of the threshold and the likelihood of finding a relevant match. Higher thresholds reduce the
probability of finding something that is of interest, but they also reduce the probability of falsely
matching something that is not of interest.
4. Proposed system for image recognition
4.1 Practical implementation of PWC
The progressive wavelet correlation provides
guidelines on how to locate an image in the image
library. To make this method practical, we must
first decide how to store the images. The initial
choice is to store them in a disk file system. This
can be seen as the quickest and simplest approach.
A better alternative that should be considered is to
store those images in a database. Databases offer
several strengths over traditional file system storage, including manageability, security, backup/recovery, extensibility, and flexibility.
We use the Oracle Database for investigation
purposes. There are two ways of storing an image into the Oracle Database. The first one is the
use of Large Objects – LOB, and the second one
is the use of Oracle interMedia. To store images
into the database we use the BLOB datatype. After
creation of one BLOB column defined table we
also create a PL/SQL package with a procedure
for loading images (named load). This procedure
is used to store images into the database. The
1554

implementation of the progressive wavelet correlation in Matlab and the connection between the
algorithm with the database are the next steps. The
Database Toolbox is part of an extensive collection of toolboxes for use with Matlab.
Before the Database Toolbox is connected to a
database, a data source must be set. A data source
consists of data for the toolbox to access, and information about how to find the data, such as driver,
directory, server, or network names. Instructions for
setting up a data source depend on the type of database driver, ODBC or JDBC. For testing purposes
JDBC drivers were usually used [7].
After setting up the data source for connecting to
and importing data from a database we have used
several standard functions of the Matlab Database
Toolbox. We can retrieve BINARY or OTHER Java
SQL data types. However, the data might require
additional processing once retrieved. For example,
data can be retrieved from a MAT-file or from an
image file. Matlab cannot process these data types
directly. One needs knowledge of the content and
might need to massage the data in order to work
with it in Matlab, such as stripping off leading entries added by the driver during data retrieval.
The last step in the adaptation is to create Matlab applications that use the capabilities of the
World Wide Web to send data to Matlab for computation and to display the results in a Web browser. In the simplest configuration, a Web browser
runs on a client workstation, while Matlab, the
Matlab Web Server (matlabserver), and the Web
server daemon (httpd) run on another machine. In
a more complex network, the Web server daemon
can run on a separate machine [7].
4.2. Proposed method
The main problem in the application of multiresolution analysis for the purpose of image procession
is the large number of operation per image. Bearing
in mind the current procession speed it is certain
that practical application of multiresolution analysis for image retrieval is almost impossible. On the
hand we saw that even though CBIR method has
no problems concerning the speed of retrieval, one
cannot always achieve the desired goals.
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tabase Server version 10.1.0.2.0 and on the other
we installed MATLAB version 7.0.4.365 (R14)
Service Pack 2.
We tested a different number of images stored
in the database for different values of threshold
thr. The results of retrieval performance are shown
in Figure 5.

Figure 3. A modular scheme for the proposed
system
Results obtained from a number of performed experiments by retrieving images from a database via
application of both CBIR and progressive wavelet
correlation led us to the idea of combining them in
order to make the best use of their positive features
[7, 9, 10]. The initial idea was extended into a developed proposal for a new algorithm intended for
recognition and retrieving images from a database.
The proposed algorithm is described in this section.
IBM QBIC [2] is used as a specimen of the descriptor based engine. QBIC reduces the search
place and thus multiresolution can only be used for
comprehensive search. This way it takes less time
to locate a particular image in the given image library, compared to the time needed to locate the
image solely by the use of multiresolution analysis.
Figure 3 presents a modular scheme for the
proposed system.
5. Experimental results
Using QBIC, we established a database for the
following characteristics of images: color, text,
color histogram, and texture feature. We query the
database for those images in the library with the
most similar characteristics to the input image. On
this set of candidates, we apply the PWC to obtain
the desired image.
As an example, we show our work on recognition and retrieving the image 21.jpg (Figure 4) in
a database. Using QBIC, we isolated ten candidate
images based on the Color Histogram Feature.
After that these images are subjected to detailed
pixel-based recognition based on PWC.
For testing we used two PC on 3 GHz with 1
GB RAM. On one of them we installed Oracle DaVolume 7 / Number 4 / 2012

Figure 4. 21.jpg and flower10.jpg

Figure 5. Retrieval performance for different number of images for the image 21.jpg and thr ≥ 0,7
We can conclude from Figure 5 that the time
required recognition and retrieving increases approximately linearly with the rise in the number of
images stored in the database. On the other hand
when the proposed algorithm is used for image
retrieval, the retrieval performance is practically
independent of the database capacity.
Investigating how the number of selected images depends on the number of images into database we obtain practically the same shape (Figure
6). Based on our experience we propose the following minimum threshold values when the combination of two methods is used:
– 0.5 for images not having visually similar
images in the database (image 21.jpg);
– 0.7 for images having visually similar images
in the database (image flower10.jpg).
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Table 2. flower10.jpg
Number of images
Time (sec)
(proposed system)

2000 4000 7000 10000
9.07

9.15

9.23

9.26

Table 3. 21.jpg
Number of images
Time (sec)
(proposed system)

Figure 6. Number of located images versus number of images into database for the image 21.jpg
and thr =0,5
Using the PWC, the value of the threshold
should be equal or higher than 0.7. Figure 6 presents number of located images for constant value of
threshold thr=0.5. When PWC are used, increasing
the number of images into the database will result
with an increased number of located images.

2000 4000 7000 10000
4.5

4.67

4.72

4.91

Figure 7. flower01.jpg and 1795.jpg
Table 4. 1795.jpg
Number of images
Time (sec)
(proposed system)

2000 4000 7000 10000
7.18

7.26

7.36

7.64

5.1. Results obtained by applying the proposed
system to large databases
Considering the results obtained from a number of image retrieval examples, we become aware
that the use of the proposed algorithm for recognition and retrieval of images from a database can
be very useful.
The results demonstrated in the previous examples referred to a database of 1000 images. The
following charts present results concerning the
time needed to retrieve image from a database of
10 000 images.
The database used in these experiments is taken
from http://wang.ist.psu.edu/docs/related.shtml.
In this section the adopted value of the image
size is N=80, while the correlation threshold value
is thr = 0.7.
Table 1. flower01.jpg
Number of images
Time (sec)
(proposed system)
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2000

4000

7000 10000

11.07

11.09

11.42 11.88

Figure 8. 1890.jpg and 1993.jpg
Table 5. 1890.jpg
Number of images
Time (sec)
(proposed system)

2000 4000 7000 10000
4.58

4.84

5.09

5.27

Table 6. 1993.jpg
Number of images
Time (sec)
(proposed system)

2000 4000 7000 10000
4.53

4.69

5.96

5.17

The time required for retrieving of image flower01.jpg with proposed system for image recognition from the database is takes approximately 11
seconds because the image appears eight times in
the database. Image flower10.jpg appears six times
in the database and the time needed for recognition and retrieve is 9 seconds. For image 1795.jpg
time for recognition and retrieve is 7 seconds, the
image appears four times in the database. The time
Volume 7 / Number 4 / 2012
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require to locate the images 21.jpg, 1890.jpg, and
1993.jpg, is approximately the same as the usage
of the proposed system for image retrieval because
the three images too, appear once in the database.

where q stands for query, R(q) signifies a set
of relevant images for the query in the database,
while A(q) stands for the set of images returned as
a response to the set query q.
5.2.1. The required image is present several
times in the database
Two images, called flower01.jpg and flower10.
jpg, served as search targets. Image flower01.jpg
appears eight times under different names in the
database, while the image flower10.jpg appears
six times. The database contains images that are
more visually similar to the image flower10.jpg.
Table 7. flower01.jpg

Figure 9. Retrieval performance for different
number of images
From Figure 9 we can conclude that with using
of proposed system for recognition and retrieving of images the time required to locate an image
doesn’t depend on the number of images stored in
the database.
5.2. Precision
Different experiments were set up as follows:
– The required image is included several
times in the database with different names;
– The image is included only once in the
database;
– Aside from the required image, the database
also contains an image very similar to the
required one (smudged in some parts or an
image generally slightly different);
– The required image is not present in the
database.
Evaluation of the quality of the system concerning its precision p is estimated using the following the definition:
p=

Threshold
0.2
0.3
0.4
0.5 – 1

Retrieved images
9
8
8
8

Precision
0.89
1
1
1

Table 8. flower10.jpg
Threshold
0.2
0.3
0.4
0.5
0.6
0.7 – 1

Retrieved images
10
10
10
10
10
6

Precision
0.6
0.6
0.6
0.6
0.6
1

The Table 8 shows that the image flower10.
jpg, when in the database is more visually similar to her, is extracted with a threshold equal to or
greater than 0.7.
5.2.2. The required image is present only once
in the database
The results presented in this part refer to two
different images 21.jpg and 40.jpg. Each of these
images is included only once in the searched database.

| A(q ) ∩ R(q ) | ....................... (12)
| A(q ) |
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Figure 10. Relationship between precision and
the number of retrieved images for the images
21.jpg and 40.jpg

Figure 11. 181.jpg

Table 9. 21.jpg
Threshold
0.2
0.3
0.4
0.5
0.6
0.7 – 1

Retrieved images
9
3
3
1
1
1

Precision
0.11
0.33
0.33
1
1
1

Retrieved images
10
9
6
2
1
1

Precision
0.1
0.11
0.17
0.5
1
1

Table 10. 40.jpg
Threshold
0.2
0.3
0.4
0.5
0.6
0.7 – 1

For the purpose of locating one image, the
correlation threshold value should be equal to or
greater than 0,6 for images having no visually
similar images in the image library such as images
21.jpg and 40.jpg
5.2.3. The database contains two very similar
images
The next example refers to image 181.jpg. This
example is specific because the database contains
a similar image 183.jpg with its vertical sides
slightly smudged. The similar images are shown
in Figure 11 and Figure 12.
1558

Figure 12. 183.jpg
In the previous examples, the number of candidate images that QBIC gives for further processing is 10, and in part 5.2.3 and 5.2.4 that number
is 20. These images are then processed by PWC.
Table 11. 181.jpg
Threshold
0.3
0.4
0.5
0.6
0.7
0.8
0.9 – 1

Retrieved images
20
20
17
2
2
2
1

Precision
0.05
0.05
0.12
1
1
1
1

It is evident from Table 11 that when correlation threshold values are 0.6, 0.7 and 0.8, both the
images 181.jpg and 183.jpg are retrieved. If the
correlation threshold is equal to or greater than 0.9
only image 181.jpg is retrieved.
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5.2.4. The required image is not present in the
database
Table 12 gives the number of retrieved images
for different values of the correlation threshold for
image 50.jpg, which is not present in the database.
For correlation threshold values greater than or
equal to 0.5 there are no images retrieved from the
database.
Table 12. 50.jpg
Threshold
0.2
0.3
0.4
0.5 – 1

Retrieved images
17
16
7
0

6. Conclusion
Based on our experience and experimental evidence we conclude that the proposed system is a
useful tool for image recognition and retrieval of
the image from the collection of images. The main
feature of PWC is its high accuracy. With the choice
of an adequate correlation threshold it is possible to
detect if the given image is present in the database,
whether there are images similar to the required
one with different names, whether there are images
slightly different from the required one, and whether the required image is present in the database.
We conclude that by changing the threshold
value of correlation it is possible to identify all
four cases examined by the proposed system. In
addition, the proposed system locates and retrieves
images faster than the PWC. This is achieved by
using QBIC as a first step in the proposed system
for obtaining a small number of candidate images.
The efficiency of joint content and pixel-based
recognition of images from a database can be improved in some applications such as satellite and
medical imaging by appropriate selection of the
threshold value. Content-based image recognition
and retrieval is fast, but it normally gives more
than one image due to the vast differences in perception capacity between humans and computers.
On the other hand, pixel-based recognition and
retrieval using progressive wavelet correlation is
impractical, due to the numerous operations per
image it entails. However, a positive outcome
should be expected if we combine the good feaVolume 7 / Number 4 / 2012

tures of content-based and pixel-based methods:
speed and accuracy.
For some applications visual similarity can be
more critical than semantic similarity. However, for
other applications however, visual similarity can be
of minor importance. What’s the source of client’s
urge for image search and retrieval? What is to be
achieved with the system? How is the system expected to help out in the process? These are only
some of the issues that have to be dealt with in order to produce an efficient image recognition and
retrieval system. In addition, successful implementation of this system involves various profiles, for
instance: computer vision, information recognition
and retrieval, man-computer interaction, database,
theory of information, statistics, psychology etc.
According to the future researches, focused on
the construction of image recognition and retrieval
system, regardless of the technique that the system uses, only the issue concerning system quality
assessment from the aspect of efficiency and applicability is to be tackled [11]. Retrieval systems
should be comparable for the purpose of identifying the good techniques.
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Abstract
The paper analyzes the curriculum in the field
of computing according to the timeline, and the
latest trends in this area. Also, the paper presents
the process of developing a new program “Information technology” in the Republic of Serbia.
Plan and program of new study program “Information technology” the authors created according
to the standards and programs “Computing Curricula 2005” and “Information Technology 2008”,
internationally recognized professional organization, “IEEE - Computer Society of the Institute for
Electrical and Electronic Engineers” in cooperation with the Association “ACM - Association for
Computing Machinery” as well as international
standards for the strategic direction of study programs in the field of computing.
Key words: Computer discipline, curriculum
development, Information Technology
1. Introduction
Reasons for starting the study of “Information Technology” derive from the great interest
and needs of society for information technology
engineers - today there are about 12,000 IT professionals employed in about 1,500 companies,
not only in IT companies but also in banking,
telecommunications, media, schools and universities, and at least in the economy. Higher education
system in Serbia does not cover the annual needs
of about 2,000 new specialists. Possible job creations (for example, opening of IT parks) in the
coming years, will result in the another attack on
the IT industry and the economy as the information technology engineers will go for better wages
and conditions. In this environment, the capacity
of our universities is not sufficient to be able to
produce enough skilled people for the IT sector.
On the other hand, without a strong IT sector, no
Volume 7 / Number 4 / 2012

progressive development of our economy is possible. Serbia is one of the last countries in the region by investment in the IT sector, as seen from a
number of parameters, and also, we need to notice
the fact that the country smaller than Serbia have
more IT professionals (Croatia has about 30,000
IT professionals).
In the last ten years, the developed world has
moved into the information society, driven by rapid and vigorous development of computer science
and technology, which has become indispensable
part of the intensive development of any society.
Judging by the experiences of countries in transition, the IT sector in Serbia is in the initial stage.
This claim is supported by the fact that most of the
investments in the IT sector is in the purchase of
hardware, or the establishment of infrastructure.
The transition to the next phase, dominated by
software solutions and information systems, depends on the infrastructure [1].
Today, when we strive to catch up with developed countries in the field of IT sector, there
is a key issue - finding a highly qualified staff.
The tendency of great multinational companies to
come and open their offices in our country, is accompanied by a demand for qualified and educated experts in the IT field. Also, an economy with a
staff that is not adequately educated in the IT field,
has a need for introducing the same systems and
technologies in its business. In the last ten years
a significant number of qualified staff has left the
country. Based on these facts, the conclusion is
that the Republic of Serbia in the field of information technology requires more people.
2. The appearance of “Information
Technology” as a discipline
Information technology is a new and rapidly
growing discipline that provides an answer to the
practical, everyday needs of business and other
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organizations. Today, organizations of every kind
depend on information technology. Information
technology is, by the American Association for
Information Technology, defined as “the study,
design, development, implementation and support
or management of computer information systems,
software applications and hardware. Information
technologies use computers and computer programs to convert, store, protect, process and securely send and receive information [2].
Transformation of a computer into a usable
communication device that can access the whole
world, revolutionized the use of computers; web
browsers are becoming the real reason for all segments of society to use computers. Almost overnight, the acceptance of network by the society as
a whole, creates a hyper-demand for Web content
and services, which has increased the demand for
web developers and web masters [3].
Today, networking and the Internet have laid
the foundations for a large part of our economy.
They have become a critical mass of information
technology, and it is impossible to imagine that
the curriculums do not devote much more time
on this topic. At the same time, the existence of
Web has changed the nature of the educational
process. Modern networking technology enhances
the ability to communicate to everyone and gives
people around the globe unprecedented access to
information. In most current academic programs,
networking technology has become an essential
educational tool.
Technical changes
Many changes affecting the information technology come along with advances in technology.
In the last decade, there has been a revolution of
innovation in technologies for communication,
computation, interactivity, and delivery of information. During the past decade, the world has
dramatically changed in the way people work
and live. Technology and mobile computers have
created a world of mobile environment in which
communication and connectivity are expected at
any time and anywhere. Society is accustomed to
the links that provide access to information in all
aspects of daily life. The request to connect to a
full network service anytime and anywhere has
resulted in huge growth in the wireless network in
1562

the last few years and can be compared with the
explosive growth of the Internet.
Number of technical achievements over the
past decade has exponential growth which increases the importance of many curricular topics,
such as the World Wide Web and its application;
Networking technologies; Systems for administration and maintenance; Graphics and multimedia; Web systems and technologies; E-commerce
technologies; Relational databases, Client-server
technology, Object-oriented programming; Human-machine interaction, Information and system
security. Such advances in computing and communications, particularly Internet and WWW, undoubtedly lead to the creation of academic study
discipline “Information Technology” [4].
Pedagogical changes
Technical changes that have taken place in recent years and their spread has direct implications
on the culture of education. Computer networks, for
example, contribute to much more efficient distance
education, which led to a significant development
in the field of distance learning. Computer networks
have also contributed to easier sharing of resources
between the curricula and programs in widely distributed institutions. Technology also influences the
nature of pedagogy. Demonstration of software,
projections, and individual laboratory stations have
made significant changes in teaching methods, i.e.
how to teach information technology [5].
3. The conceptual scope of computing disciplines
Today, there are several types of levels of computing studies and programs. Reliable data on the
number of study programs in the IT field is hard to
acquire, but during the last ten years, there have been
an exponential growth in the number and types of
computer programs that are available to students. In
its report (Computing Curricula 2005 - The Overview Report), special emphasis was placed on five
types of today’s current computer programs [6]:
– Computer Engineering (CE),
– Computer science (CS),
– Information systems (IS),
– Information technologies (IT),
– Software engineer (SE)
Volume 7 / Number 4 / 2012
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Basis of Computing Curricula 2005 report makes
a set of standards that are set for academic study in
the five major computing disciplines. To illustrate
the similarities and differences between these computing disciplines, we present the basic characteristics of each discipline. The focus is on students in
each discipline, that is on his competence and not on
issues the student meets during the study.

systems as a discipline is focused on the integration
of information technology and business processes
to meet the needs of companies for information,
enabling them to achieve their objectives in an efficient and effective manner. Professionals in this discipline are primarily engaged in information which
can be provided to companies by computer systems
in defining and achieving their goal.

Computer Engineering (CE)
Computer engineering deals with design and
construction of computers and computer systems.
This includes the study of hardware, software,
communication and interaction between them.
This program focuses on the theory, principles
and practices of traditional electrical engineering
and mathematics and applies to the problems of
designing computers and computer devices. Computer engineering has a strong engineering feature
in which a dominant position is the incorporation of the system, i.e. development of devices
that have embedded software and hardware. For
example, devices such as mobile phones, digital
audio players, digital video recorders, alarm systems, X-ray machines, tools and surgical lasers
that all require the integration of hardware and
embedded software, and that are in the field of
computer engineering.

Information techologies(IT)
Information technologies is a very young discipline, created a decade ago and as a society underwent a fundamental change in the transition
from industrial society to “Information Society”,
information technologies are becoming the dominant technologies of our age, that are changing the
way we live and work. Information technology is
an integral part of modern culture and the primary
engine behind many economic and social changes
in the world.
IT engineers are able to make choices of hardware and software products, network installation,
network administration and security, web site design, development of multimedia resources, installation of communication components, monitoring
of mail systems and planning and managing the
technology lifecycle of an organization.

Computer science (CS)
Computer science includes a wide range of
knowledge, from theoretical and algorithmic basis
to the latest developments in robotics, computer vision, intelligent systems, bioinformatics, but also in
other areas. Computer science as a discipline also
study the development of specific applications.
Computer science study programs are often criticized for failing to prepare graduates for certain job,
while other computer disciplines will enable graduates more relevant knowledge and skills.
Information systems (IS)
Information systems include the concepts, principles and processes for two broad areas of activity
within organizations: gathering and disseminating
information, as well as resources and services of information technology; development, operation and
improvement of infrastructure and systems for use
in the processes of the organization. Information
Volume 7 / Number 4 / 2012

Sofware engineering (SE)
Software engineering is the newest discipline
of developing and maintaining software systems
that behave reliably and efficiently, are affordable
for the development and maintenance, and meet
all the demands that end users have defined for
them. Software engineers are responsible for the
design and development of such complex systems.
4. Academic discipline “Information
Technologies” in higher education
The evolution of computing disciplines are often not reflected in the types of degree of study
programs that are today offered to students. Very
few universities in the world offer all five major
computing disciplines as their study programs.
For example, in the U.S. two more recent types
of computer disciplines, IT and SE are less likely
to be offered to students than the older generation
of computer discipline CE, CS and IS. Academic
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institutions tend to be cautious and conservative,
and the complex nature of academic education
shows that it is difficult to innovate and quickly
implement significant changes. So in some academic institutions, the choice of computing as a
discipline of study programs looks like before the
1990s (Figure 1). The reason for this is that the
pace of change in computing is very fast, and the
pace of institutional changes in higher education
in general may proceed very slowly [7].

Figure 1. Choice of computing disciplines
(Source: Computing Curricula 2005: The overview Report)

So unjustified institutional delay can create
problems for students trying to choose study program that suits their personal interests and social
goals . Also, this delay of universities around the
world can create problems for graduate students
who are trying to find jobs at leading companies.
Many institutions of higher education seek to minimize this delay by using the final year of study
programs and specializations to teach students
about the latest fields in computer disciplines.
Despite this lag, there is a widespread perception
that the important and fundamental changes have occurred. Only a decade ago, teachers at many institutions of higher education (with special emphasis on
the United States) were not familiar with the study
program “Information technology”, although similar programs existed there for years. Today in the
U.S., there are several such programs, and a trend
of increasing the number of study program “Information technology” in the years to come. University
teachers in the U.S. have in a very short period of
time formed a professional organization, then held
several scientific conferences, and made substantial
progress in developing curriculum and guidelines
for further development of computer programs. “In1564

formation technology” is a new discipline and as a
result, it faces problems of acceptance among the
already established disciplines. It is a natural phenomenon, and it will take time and experience for
managers and teachers in another computing study
programs to evaluate and recognize the value that
provides a new degree program. “Information technology” requires to affirm as a new computing discipline with its own intellectual core, rigorous curriculum and clear guidances for the further development in order to succeed in these challenges. Then,
accepting and respecting will only follow[8].
In many academic institutions around the world,
the administration is motivated to see t h e study
program “Information Technology” designe d to
meet the needs of the community and to provide
more options for future students. Whenever higher
education institution creates a new computer study
program, it must pay special attention to proper
implementation of the same program.
5. Information technology - an example of
development of contemporary curriculum
In this paper, authors set up several key principles that were the guidelines in the process of creating a study program “Information technology”:
1. The curriculum must reflect the integrity
and character of information technology as
an independent discipline. It is a discipline
that is characterized by a combination of
theory, practice, knowledge and skills.
2. The curriculum must respond to rapid
changes in technology, but also to encourage
students to do the same. One of the main
objectives of the study program “Information
technology” is enabling the students to learn
throughout life.
3. The curriculum as a whole has to maintain
a consistent ethos that promotes innovation,
creativity and professionalism. Students
respond best when they realize what is
expected of them. During the entire process
of study, students should be encouraged
to use their initiative and imagination in
progress. At the same time, students must be
encouraged from the beginning to maintain
a professional and responsible attitude
toward their work.
Volume 7 / Number 4 / 2012
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4. Designers must constantly be looking for
better ways of realization of the curriculum,
continuous improvement in all areas should
be characteristic of a healthy program
“Information technology”.
The study program “Information technology”
is designed using “case studies” and agreed with
the main contemporary trends in other universities. Existing practice and experience were thoroughly studied, primarily University of Belgrade,
Novi Sad, Niš, then experiences from University
of Zagreb, Ljubljana, Berlin, London and the universities from the United States (Figure 2).

Figure 2. Fundamental basis of the study program
“Information technology”

Table 1. Courses of study program “Information
technology”
1. Sociology
2. Mathematics 1
3. Information
technology
4. Operating systems
5. Probability and
statistics
6. Fundamentals of
programming
7. Fundamentals of
information systems
8. English language 1
1. Mathematics 2
2. Algorithms and data
structures
3. Computer
networks and
telecommunications
4. Communication
systems
5. Programming 1
6. English language 2
7. Computer systems
architecture
8. Multimedia and
graphics applications
9. Computer graphics
10. ERP systems

(Source: IT 2008 Curriculum)

As an academic discipline, information technology focuses on preparing students to deal with
issues related to users and satisfying their needs in
the organizational and social context through the
selection, creation, implementation, integration
and administration of computer technology.
The structure of curricula and course content
may vary from institution to institution and from
country to country [9]. Further in paper is represented one of the models of “Information Technologies” curriculum. (Table 1).
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1.
2.
3.
4.
5.
6.

Operational research
Programming 2
Web technologies
Internet marketing
Decision support system
System and information
theory
7. Databases
8. English language 3
9. Project management
10. Human resource
management
1. Information system
design
2. Fundamentals of
information protection
3. Artificial intelligence
4. Risk management in the
system development
5. E-education
6. Information systems
management
7. Business information
systems
8. English language 4
9. Human-computer
interaction
10. Legal basis of
information systems

6. Conclusion
The curriculum presented in this paper, in the
field of “Information Technologies”, is in accordance with the recommendations of the American
IEEE professional association, which direct the
American university programs in information sciences, and in accordance with the needs of companies, governmental and other organizations. Recommendations of the American Association that we
apply are contained in the documents: Computing
Curriculla 2005, IT 2008 Curriculum. In addition to
compliance with the recommendations and requirements of the standards for accreditation, study program “Information technology” is aligned with the
Bologna model of higher education.
In authors’ opinion, there is no universal formula for success in designing the study program
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“Information technology”, but in this paper, authors present a conceptual model in designing the
study program “Information technology”, believing that he is a good strategic orientation of the
various institutions dealing with this issue. Thus,
this work becomes important for institutions that
have similar courses in five major computing
disciplines, that have a need for evaluation and
changing the curriculum in the regular procedure
to keep pace with the rapidly changing environment. The important thing for the development of
curricula in the future is the creativity of designers, who should build even better program studies of “Information Technologies” for students
around the world [10].
By starting the program study “Information
Technology” within the Faculty of Information
Technology in Belgrade, implementation of higher education experts in the field of “Information
Technologies” began, which is of great importance for the Republic of Serbia. At the time of European and global integration process, this project
will significantly contribute to better understanding the world we live in, the European integration
processes and prospects of our country in the new
global and European context.
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Abstract
This paper presents the basic aims that are to
be fulfilled by a modular administrator subsystem,
in order to provide adequate protection to an internet application. The aim of the paper is to establish, using JAVA programming language and
Internet Programming techniques, a stand-alone
administrator subsystem with adequate protection,
complete modular approach control and strong encryption for critical data.
Administrator subsystem HEFES 2.0, in short
ASH 2.0, provides to administrators of web information systems and other web applications, as well
as programmers developing those, a unique and intuitive platform for doing their jobs. For administrators, this is a tool providing simple and detailed
configuration of access right and fast and efficient
work with resources available, as well as complete
following of activities for any user, with consistent and well-structured mechanism for periodical
backup of the database providing integrity and consistency of databases, being a part of the web application. For programmers, Administrator subsystem
HEFES is a tool that shortens period needed to develop application. Subsystem mentioned above is
based on model that is implemented in Microsoft
ASP.NET Configuration Tool, with certain variations. Allso this paper shows a result of a comparative test between HEFES 2.0 subsystem, developed
relying on JAVA and OpenSource technologies, and
its equivalent, developed using ASP.NET (Active
Server Pages) technology following the allready
established model of HEFES 2.0 subsystem.
Key words: administrator subsystem, modular, Java, middleware, CMS
1. Introduction
Reason to develop Administrator subsystem HEFES [4] (ASH) lies within individual needs: to proVolume 7 / Number 4 / 2012

vide simple, portabile and modular subsystem for
applications based on JAVA technology, with emphasis on web applications, [1][2] so that programmers may have shorter development stages. Since
ASH subsystem provides ready-made mechanisms
for previously described functions, programmer developing an application has only to apply particular
templates for authorization and authentication of the
user, defined by ASH subsystem, and then to pay
attention to developing programming logic of the
application itself. The basic idea for ASH subsystem
occurred by observing of ASP.NET 2.0 Configuration Tool and its lack of easy-adjustable options that
are necessary for development of an information
system with specific needs. ASH subsystem may
be classified, from aspect of properties and possibilities it provides, somewhere between middleware
solutions as JBOSS, server automation solutions as
Parallels Plesk Control Panel and numerous CMS
(Content Management System solutions for Java)
as: Contelligent, Nuxeo ECM, OpenCMS and others. Common point with JBOSS solution is alternative to JAAS (Java Authentification and Authorization Service) system [8]. ASH subsystem has
ready-made methods and a system to realize these
functions, but with the key characteristic that distinguishes it from other solutions. ASH subsystem has
a mechanism to role succession, where every role
has a list of defined resources to which a user in this
particular role may approach. In this way, precise
adjustment is enabled for rules defining which resources users may approach in certain roles, since
creation of derivative roles is made significantly
easier. For instance, moderator with limited access
is a derivative (inherited) role from master moderator role, and user in derivative role is forbidden to
perform actions of writing and deleting over a table, or resource, by removing rules enabling these
functions in this role. JBOSS has numerous items
that ASH subsystem does not have, like Load bal1567
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ancing, extension for Mail server adjustment, JMS
- Java Message Service and other functions. From
the mailing system aspect, ASH has simple methods to check availability of a mail account used for
registration of users account. For ASH subsystem,
following example of Parallels Control Panel, a system was constructed to note all actions performed
over a database. This log file is used for periodic
backup of a database. [7] There is also a special
tool implemented [5] for creating, changing or deleting tables within a database to which ASH subsystem has access. In this way, we avoided use of
some other tool for database configuration and any
changes over it. From aspect of CMS system, ASH
subsystem has only basic mechanism for posting
information on main page, defined in web.xml file.
Advanced options for text formatting, component
disposition, etc. are currently not available in ASH
subsystems, while CMS’s do have those. The basic
functions of ASH administrator subsystem are: creating and modification of users accounts, creating
and modification of users roles, authentication and
authorization of users, integrity and confidentiality
of user data, monitoring of activity of every registered user, monitoring of time every user spends on
system based on particular administrator subsystem,
management of databases (backup, creating, monitoring, logging actions etc).
2. Structure of ASH Master Admin
Subsystem
ASH Master Admin subsystem comprises two
packages: ash and beanPack. Within ash package
there are servlets providing visual representation
of ASH Master Admin subsystem and servlets that
serve as scripts of this subsystem. These servlets
are mapped by certain URL addresses in web.xml
file for Internet application based on ASH subsystem. Servlets representing administrator pages of
ASH Master Admin subsystem are mapped by
URL address ending by *.htm extension, while
servlets that serve as scripts for ASH Master Admin subsystem are mapped without this extension.
ASH has advantages that make it considerably different from competition.
It has very simple manipulation by user roles
and resources. Resources are defined using ASH
system for resources definition. After defining re1568

sources, roles are being created and resources are
assigned. One user may have several roles. First
role is the primary one. ASH subsystem has the
possibility to use templates for creating JSP (Java
Server Pages) pages and servlets. One part of every JSP page or servlet is the code segment, enabling user authorization process.
ASH backup subsystem is basically a Thread
that periodically, based on a special Log file [3],
backs up the database. ASH subsystem brings a
number of scripts and ready-made JSP pages and
servlets. Those resources help programmers in
development of masks and actions for login system in Internet application that they develop. It is
possible to use existing pages and scripts, and for
those it is possible to change their markup code to
obtain different design of an Internet application.
Within ash package, there are exactly 22 servlets. Names of servlets that act as script are ending
by SCPServlet. From 22 servlets, 12 act as scripts
for activation of class methods from beanPack
package. Other 10 servlets from ash package provide visual presentation for this subsystem. Classes from beanPack package provide programming
logic for ASH Master Admin subsystem. This
packet comprises of following classes:
–– ASH_User – with information regarding the
user, in which role he is, etc.
–– ASH_Role - with information regarding the
role and its assigned resources
–– ASH_Relation – with information regarding
relationship between user and the role,
providing relation “User is in role”
–– ASH_RoleRelation – with information
regarding Role and Resource relation,
providing relation “User in role has access
to resource X”
–– ASH_Resource – with information
regarding one available resource of Internet
application based on ASH Subsystem
–– ASH_MasterAdmin – used for logging on
to ASH Master Admin subsystem. By this
class, it is confirmed whether given username
and password are identical to Master Admin
username and password from web.xml file.
If entered data are valid, i.e. if usernames
and passwords are identical, user gets access
to ASH Master Admin subsystem.
Volume 7 / Number 4 / 2012
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Every access to ASH Master Admin subsystem
is meticulously monitored and logged. For access to ASH Master Admin system, a created account is necessary, therefore ASH Master Admin
subsystem is protected by double combination of
username and password. The first step is to log
on as a user of an Internet application based on
ASH subsystem, and then it is necessary to know
parameters for accessing the ASH Master Admin
subsystem. These parameters are known internally only to administrators of the Internet application, those who developed it using methods and
principles of the ASH subsystem.
Regular part of any administrator subsystem
is a database backup system. ASH Backup subsystem is based on a thread that is executed in
background, within the servlet container. Adjustments of ASH Backup subsystem are done using
a wizard that is a part of developed ASH plug-in
for Eclipse platform. ASH Backup subsystem is
configured with following parameters:
– Connection parameters to primary mySQL
base, which is the base for backup
– Connection parameters for secondary
mySQL base, which is the backup of the
primary base
– Interval (in milliseconds) defining frequency
of string execution for ASH Backup subsystem
– Names of the basic and detailed log file,
defined in web.xml file. Default names of
these log files are: dbBackupBasicLog.xml
and dbBackupDetailsLog.xml
These parameters are stored in web.xml file
and may be changed at will. For correct function
of ASH Backup subsystem, a special log file is
needed, defining executed actions, i.e. executed
inquiries. The ASH subsystem brings a set of API
functions that, after every inquiry is executed,
write description of this inquiry into a log file.
ASH subsystem creates two log files, one with basic information regarding inquiries executed and
one with detailed information regarding inquiries
executed. Default name of the log file with basic
information is dbBackupLog.ashlog. Structure of
Default name of the log file with detailed information regarding inquiries executed is dbBackupLog-details.ashlog. Structure of dbBackupLog.
ashlog file is as following:
Volume 7 / Number 4 / 2012

– Structure of inquiry description, executed
on a database, is described by element
<record>. There are several such elements
within the main (root) element <basicLog>.
Besides basic information regarding inquiry
executed, such as kind of inquiry, table,
primary key for records where inquiry is
executed, <record> element contains data
about user who initiated inquiry. Information
about user within the <record> element
encompasses: username, time of inquiry
execution and IP address of the computer
from which the action of inquiry execution
was given.
– Element <dbUpdate> appears after every
successful backing up of database and it
provides: information regarding time when
backup was performed, how many inquiries
were successfully executed, defined in tag
<numberOfSQ> , how many inquiries
were not executed correctly, defined in tag
<numberOfFQ>. If a particular inquiry
is not executed correctly during a base
backup, a special log is created informing
the administrator of the database about this.
Log file dbBackupLog.ashlog contains basic
information regarding all inquiries executed over
a database, and it is a main log file for analysis
actions and inquiries executed over a database.
Analyzing this log may show which record of
which table was changed, deleted or added by
which user, in which time and from which computer. When backing up a database, within this log
file the last appearance of <dbUpdate> element is
searched. On the basis of all descriptions of inquiries executed after this element, backup of database will be executed.
Log fail dbBackupDetailsLog.xml contains
detailed description of inquiries executed in form
of <recordDetail> elements. These elements are
located in root element <detailsLog>. Element
<recordDetail> is similar to element <record>
from dbBackupBasicLog.xml file, and besides
basic information about action and record where
it was executed, it also contains detailed information about inquiry, parameters and where clause if
it was used. By combination of these files, effect
of master-form is obtained when analyzing the log
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file. During backup of database, primarily a dbBackupLog.ashlog file is used, with intermittent
calling the dbBackupLog-details.ashlog file for
UPDATE and sometimes INSERT inquiries.
3. ASH Subsystem – Methodology of
creating the internet application
Methodology for creating an Internet application
based on ASH subsystem demands its particular
structure regarding files location. Complied servlets that are a graphic interface for ASH subsystem
must be located in WEB-INF/classes/ash/ directory, while programming logic is located in WEBINF/classes/lib/ directory within ash.jar library. In
the same library, all classes and programming logic
of ASH Backup subsystem are also located., All libraries necessary for the basic functionality of an
Internet application based on ASH subsystem are
located in WEB-INF/classes/lib/ directory. Besides
the ash.jar file, there are : mysql-connector-java5.1.7-bin.jar library, containing JAVA connectors
for MySQL Server and database, as well as javax.
servlet_2.4.0.v200806031604.jar library, containing definitions of java servlets and enabling their
execution. In web.xml configuration file, all adjustments of ASH subsystem are located.
Adjustments of the ASH Master Admin subsystem are:
– Mapping of URL addresses for servlets
from WEB-INF/classes/ash/ directory
– Username and password for ASH Master
Admin subsystem
– Parameters for connection to MySQL server
and the primary base of ASH Master Admin
subsystem
– Adjustments of Session Listener
Adjustments of the ASH Backup subsystems are:
– Parameters of connection to MySQL server
and the secondary (backup) database
– Name and path to main *.ashlog file
– Value of time interval after which a periodic
backup of data base is executed on base of
*.ashlog files
A part of the ASH subsystem are also a *.jsp
scripts and pages for login and authentication of users, located in directory /akcije/. These pages may
1570

be modified and their primary role is to enable user
to create his account, to login and logout the internet
application based on ASH subsystem. Since API of
ASH subsystem is open to user, this subsystem may
be easily expanded, depending on user’s need.
Presence of templates enables a programmer
to pay attention solely to logic and functionality
of the page, whether is the data survey page or a
script that should execute a number of actions.
Session variable, which monitors the user and
contains his roles and resource, is called user.
Authorization process demands that an object describing the user gets response and request objects
for resources, i.e. pages he accesses. By calling
AuthorizeUser() method, authorization process
is initialized. This method takes name of resource
from request objects of sent resource, and verifies
whether it is located in resources list for assigned
roles. If this resource is supported by one of user
roles, resource access will be granted. Otherwise,
using response object for forwarded resource,
user will be redirected to the first defined resource
for the primary role. If user has no role, or is not
logged in, he will be redirected to error-processing page. This page is defined within web.xml
file. Application logic and its content are defined
by programmers developing the Internet application. Object type ASH_User, describing the user,
besides basic user data also contains a number of
objects type ASH_Role, describing roles assigned
to it. Object type ASH_Role contains a number of
objects type ASH_Resource, describing resources
supported by this role. When user is logging in,
during validation process, object type ASH_User
is formed and placed as a variable in a user session. If user has two roles, describing object will
have a list of roles and each role will have its resources list. In this way, a number of inquiries to
database are minimized during user validation and
authorization. During development of Internet application based on ASH subsystem, ASH subsystem becomes a part of this application. ASH subsystem, as well as manipulation of user accounts,
roles and resources is independent from the rest of
the Internet application. Within the web.xml file,
username and password are saved that are necessary in order to access to ASH subsystem and to
Internet application. Figure 1 shows appearance of
Control Panel for ASH subsystem.
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Figure 1. ASH Master Admin Control Panel

Figure 2. User administration page

Figure 3. Page for changing user and role assignment

for defining relations between a user and a role. User
may have several roles. Figure 2 shows the page for
user administration. From figure 2 it can be concluded that the role marked as 1 is the primary user
role. During user authorization a sequence of roles
is used and it is checked whether resource the user
accesses is supported by the role which is currently
checked. Primary role is always checked first. If particular resource is not defined by primary role and if
user has several roles, search for chosen resource is
forwarded to the next role of the same user. If it is
established during authorization that this particular
resource is not supported by any roles given to this
user, user is redirected to the first page of the primary role. Figure 3 shows appearance of the page
for changing user and role assignment.
Resource of the ASH subsystem is the path to the
web page or the file of Internet application, served
by this ASH subsystem. Resources of the ASH
subsystem may be deleted or changed. By deleting
resources, all relations connected to this resource
are also deleted. For instance, if resource “/mod/
topics.jsp” is deleted, then all relations connecting
particular role and this resource also would be deleted. User roles are defined by the page for defining roles. Key part of this page is the Role Manager
shown on figure 4. Role Manager consists of three
major parts. On the right-hand side there is a listbox containing al defined resources for the Internet
application. On the left-hand side there is a listbox
that will have the list of resources for the new role.
Between those listboxes are keys that permit to assign or remove resource to currently created role
from the list of defined resources. Therefore, roledefining mechanism offers two options for creating
roles. One is used to create a new role with taking
over certain number of resources from the list of
defined resources. Second option is used to create
a new role based on the chosen one. Using this option, resources form the chosen role are listed in a
listbox with resources defined for the new role that
is being created. To this list, administrator may add
other resources from the list of defined resources,
or remove one of inherited resources. When deleting the role, all relations of this role to users it was
assigned to are also deleted.

User administration page is used to change, create and delete user accounts. This page is also used
Volume 7 / Number 4 / 2012
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Figure 5. Apperance of ASH Log Analyzer application when *.ashlog file is loaded

Figure 4. Appearance of the Role Manager form
3.1 ASH Log Analyzer – Appearance and use
Figure 5 shows the appearance of the Java
Windows ASH Log Analyzer application which
may be used to open any of *.ashlof files. Java
Applet ASH Log Analyzer automatically opens an
*.ashlog file, which is defined in web.xml file of
the ASH subsystem where it is located.
The option Load ASH Main Log, from File
menu, opens a dialog for choosing *.ashlog file
that will be open for analysis. It is possible to open
only a main file of the ASH Log subsystem, i.e.
the file containing basic information about actions
executed on a database. Default name of this file
is dbBackupLog.ashlog. If another file is chosen,
or dbBackupLog.ashlog or dbBackupLog-details.
ashlog is corrupted or inconsistent from the aspect
of XML (EXtensible Markup Language) file form,
ASH Log Analyzer will inform user by appropriate message. An example of appearance of main
form in ASH Log Analyzer program after loading
the contents of a main *.ashlog file with basic information is shown in Figure 5. When loading the
main *.ashlog file, another file is also loaded with
details about executed inquiries by the main chosen *.ashlog file.

The file with details about inquiries executed
must have the same name as the main file, with addition “-details”. Therefore, if a file with basic information about executed actions on a database is
named dbBackupLog.ashlog, then file containing
detailed information about those inquiries must be
named dbBackupLog-details.ashlog.
After loading the *.ashlog file, a search is enabled of records by table name where action is executed, and by username of the user who requested it. It is also possible to find all actions which
particular user has done on a particular table.
Information about this action are varying, depending on a type of action executed on a database.
For instance, for actions INSERT and UPDATE
it is possible to see all details of action executed,
while for action DELETE there are no details. A
log emphasizing that a base backup was successfully performed has details telling when the backup is performed and a number of successfully and
unsuccessfully executed actions. Administrator of
a database is informed by separate system.
It is recommended that *.ashlog files are encoded to UNICODE in order to include wide spectrum of characters and therefore data that may b
written as parameters for performed actions in
*.ashlog file.
4. ASH Subsystem - Testing
Testing of ASH subsystem was performed at
Technical Faculty “Mihajlo Pupin” in Zrenjanin.
Testing was performed at over 100 computers in
four laboratories, using VPN (Virtual Private Net-
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work) and Virtual Machine concepts in order to
widen a set of tested operative systems from Microsoft Windows family. These concepts encompassed only client computers, while the computer
acting as a Web Server was working outside these
concepts. For testing purposes, the web site was
created, based on ASH subsystem, with 70 different pages demanding authentication and authorization of users. In addition, three kinds of user accounts were created for this testing: Regular User,
Moderator and Administrator. Average length of
character string in the database defining one resource is 50 bytes. Table 1 shows relation between
number and type of users, as well as amount of
resources that they have available. The main aim
of ASH subsystem testing was to establish how
much pressure this system puts on the Web Server
regarding ROM usage and amount of data exchanged between Web Server and MySQL server,
as well as total response of page requested [6]. For
purpose of testing, which lasted 5 separate days
from 9 a.m. to 9 a.m. the following day, during
one-month weekends, a special scripted program
was created. This program acted as a user and during one minute, it accesses to a duplicate of user
database on another server, reads data and logs on
as a particular user and then moves around Internet application as a Google Bot; after one minute,
it logs out and repeats the process. This subsystem
was tested under high pressure, regarding number
of supported resources and a frequency of server access. Due to large amount of data obtained
for 24 h period, average value was calculated for
15-minute periods. Test web site, based on ASH
Administrator subsystem, was hosted at Apache
6.0 server on different operating systems.
Figures 6 and 7 are showing approximate results of pressure test with conditions and configurations as described above.
During a test, it appeared that the highest pressure on such configured system, independently
of platform at which Web Server hosts the site, is

somewhat above 200000 bytes, i.e. 200Kb as visible in Figure 7. In 24h period, amount of data sent
by MySQL server to Web Server in order to create
given objects is about 10887500 bytes, or about
11Mb. When distributed over 24 hours, it is clear
that during one hour, in full pressure, MySQL
server forwards to Web Server about 450Kb of
data. The more simple the Internet application is,
regarding number of pages, resources, attendance
etc, these values are lower.

Figure 6. Combined Access Graph - Average
number of accesses per type of user, during a certain time period

Figure 7. Combined Load Graph - Cumulative
load that certain types of user make, during a
certain time period
5. Conclusion
The ASH subsystem is created using the ASP.
NET Configuration Tool by Microsoft as a model,
based on principles of Membership and Role Provider. In ideal case, as Microsoft recommended,
ASP.NET technology is to be used in combination
with Microsoft SQL Server. Since ASH subsystem

Table 1. Relation between number and type of users, as well as amount of resources that they have
available
User
Moderator
Administrator

Number of users
80
15
5
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Number of resources
45
60
70

Size of user object in session
2,250Kb
3,000Kb
3,500Kb
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is designed as a system based on JAVA and OpenSource technologies, in our test identical MySQL
server and the same database were used. The only
differences during testing were in used technology and web server. For testing of ASH subsystem implemented through ASP.NET technology,
ISS (Internet Information Server) 6.0 server was
used, while original ASH subsystem was tested on
Apache Tomcat 6.0 server. In order to have credible testing and realization of the ASH subsystem
using ASP.NET technology, special Membership
and Role providers were created, to be run by wellknown ASP.NET API functions for authorization.
After analyzing test results, we concluded that ASH
subsystem, realized through ASP.NET technology,
was in average 15 - 20ms slower than ASH Subsystem based on JAVA technologies, from an aspect
of a speed test for page response (Total Response
Time), while server pressure and data flow were
almost identical. Main influence on the amount of
server pressure and data flow have the data type
structures that define and describe user access rights
Data type structures mentioned above are designed
with a goal of reduction the amount of server pressure and data flow, so that the application that use
HEFES 2.0 metodology of authentification and authorization can be reliably run on weak (low end)
server computers. Using low end computers as
servers, and reducing server pressure and data flow
allso reduces development and usage costs, since
low end computers are cheap, and the network
trafic is reduced significantly. Current development
period of an ASH subsystem started 2 years ago and
it continues. The final goal is that ASH subsystem
evolve into a highly functional CMS system.
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Abstract

Use of information technologies in the digital
cartography and geographic information systems
(GIS) field leads to new solutions emerging in this
scientific discipline [1]. Symbology and creating
cartographic and topographic symbol keys have
particular importance for geospatial data visualisation. This paper describes experiences in some
countries in our environment, as well as use of
modern GIS architecture and production of cartographic symbol keys in the Web Map Server environment. It is a new approach and adapting to
software platforms and it means display and visualisation of geospatial reality of increased quality.
Key words: Digital cartography, GIS, cartographic key, ArcGIS, Web Map Server.
1. Introduction
Today, when almost all processes containing
geospatial data are completely computerised, and
also the process of making maps and charts, the
technology of GIS in the field of geodesy and cartography is increasingly used [2]. New technologies have given rise to new procedures and structure of spatial data. They are used with respect to
existing national standards in cartographic visualisation of data, especially in topographic-cartographic symbols and character systems visualisation (topographic-cartographic key).
Development of information technologies has
created prerequisites for better display and visualisation of geospatial data. In this way we can
quickly get a display of the geospatial reality of
high quality on the basis of common geometry
parameters (shape, symbology, character position,
Volume 7 / Number 4 / 2012

its orientation) and attributes (colour, style, size)
of cartographic symbols. So, the end product of
digital cartography is a digital plane or map [3].
In its background there is a system of symbols and
procedures, which together make up a whole - a
digital topographic-cartographic key.
2. Production of the topographic-cartographic symbols key in arcGIS
The major social changes currently occurring
in our country have been happening simultaneously with rapid changes in scientific and technological spheres. It is necessary to choose the
best possible software platform with all necessary hardware components. Then new standards
should be studied and implemented [4]. Then everything should be aligned with the organisation of
technology units and processes within the geodesy
development plan in our country. Particular attention should be paid to cartography and GIS as they
are increasingly attractive disciplines. Bearing in
mind all of the above we used the ArcGIS version
9.2 [5], software platform of the American company Environmental Systems Research Institute
(ESRI), which performs creation and organisation
of geospatial data according to a completely new
approach [6]. The ArcGIS software environment
consists of:
- ArcMap, part for data visualisation;
- ArcCatalog, part for data organisation and
- ArcToolbox, part for data processing.
The architecture of the ArcGIS software environment is shown in Figure 1.
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2.1 Creating the digital topographic-cartographic key

Figure 1. The architecture of the ArcGIS software
[5]
In the process of production of the topographic-cartographic symbols the principles of geometry modelling and decomposition of cartographic
content to main geometry primitives with accompanying indices have been applied: point (T), line
(L) and polygon (P). Such concept of visualisation
and structure of geospatial content allows determination of unambiguously and recognising data for
an arbitrary map element, regardless of whether
it is about communications, objects, hydrography, relief, etc. [7]. The additional explanation
has been unambiguously marking every dot as a
dotty (mark I), linear (mark II) or polygonal (mark
III) theme, regardless of the geographic element
represented. The structure of hydrography content
and symbology are shown in Figure 2.

A digital topographic-cartographic key (DTCK)
is a set of specifications and symbols for display of
cartographic symbols – graphic symbols for phenomena and objects contained on a digital map in
the form of catalogues (libraries of symbols). The
existing topographic-cartographic key is generated
in its digital form and the logical model is used to
structure data and organise them into variants of
concrete content elements. For example, the topographic-cartographic key for topographic maps has
327 symbols [8]. All objects in the map and modelled ones as well as those that are not defined in the
key for normal cartographic displays by use of symbols are given in the key. An example of objects not
defined in the key for normal cartographic displays
is a road on a dyke for each road category separately.
The process of generating DTCK had a number
of stages, which were necessary to produce the final
form of DTCK in the mentioned software environment. It was necessary to create symbols by a graphic software tool (e. g. CorelDraw) to match defined
dimensions precisely. The obtained symbols were
imported into Font Creator and consequently standard fonts were created. After the usual procedure of
installing fonts, it is possible to use DTCK in the
chosen software tool. Figure 3 shows stages of creating DTCK for topographic maps.

Figure 2. The structure of hydrography content
and symbology
Bearing in mind new technologies and possibilities it offers, adapting geospatial data to other
systems presents a problem no longer. Concrete
topographic content elements of a plane or a map
are layered into thematic wholes. Particular elements of every thematic whole are implemented by
a system of layers (three digit value) and passwords
(four digit value), as well as by relevant symbology
(digital topographic-cartographic key).
1576

Figure 3. Stages of creating DTCK
The final processing of topographic-cartographic symbols was performed in the ArcMap
module, that is by Symbol Property Editor (assigning colour, orientation, size, position of the
symbol, etc.), while symbols were put together in
the *.style format. The ArcCatalog module was
used to implement this stage. Figure 4 shows an
Volume 7 / Number 4 / 2012
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example displaying the actual connection between
the logical structure (code) and symbology from
DTCK illustrated by the symbol - lighthouse.

Figure 4. Connection between the logical structure
(code) and symbology from DTCK
Reproduction originals or geo-referenced
sheets in the raster format were used as substrates
for vectorisation of map content. For each map
sheet the method of collocation between 190 and
194 reference points, depending on the number
of intersections of grid lines per sheet, was used.
We used the Digit Scan software of the Map Soft
Company. Thus, great accuracy of geo-referenced
map sheets was achieved and all possible errors
were reduced to the grid square.

3. Topographic-cartographic key in the
web map server environment
The concept of generating topographic-cartographic key in the Web Map Server environment
is different from the one in ArcGIS software [9].
The Web Map Server (WMS) specification enables the service user to select one of the existing
styles that are defined within WMS to display the
desired content. However, WMS can only provide
the user with information about the name of the
existing styles. It cannot show how the chosen display will look in the map [10]. It is more important
that the users have the possibility of defining their
own styles to display geo-objects [11].
The possibility of the clients defining their
own styles requires the existence of a language for
style description that could be understood by both
the client and the server [12].
Defining such a language called the Styled
Layer Descriptor (SLD) allows different displays
of output WMS, also Web Feature Service (WFS)
and Web Coverage Service (WCS). Language
SLD is based on the Exchange Markup Language
(XML) philosophy [13]. Its structure will not be
described in detail in this paper. Only the segments necessary for defining the symbolisation
will be described by external graphics. It is possible to create a new style in order to display geoobjects in WMS [ 9] i [14]. It is shown in Figure 6.

Figure 5. Cartographic symbols and mapping in
ArcMap-ArcInfo

Figure 6. View on form for creating New Style[9]
[14]

After these activities by stages, an appropriate
project for each sheet was created. The next work
stage was started using the new content structure,
new data model and DTCK. It consisted of content
modelling and designing. The vector content with
corresponding symbology and alphanumeric data
was created by choosing the corresponding theme
and allocating the adequate layer and password. In
Figure 5 the layout of ArcMap-ArcInfo work area
with created themes is shown.

The procedure is as follows. One should first
enter the name of the new style, and then click
the New button. Then one should proceed to the
definition of the SLD scheme. The description of
the new SLD style can be entered directly into the
field or the path to the desired SLD file using the
option browse. After entering the SLD description
of the style, the Upload button should be pressed.
The confirmation is needed and it is performed by
pressing the Submit button.
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The rules for showing types of geo-objects are
defined in the element <rules>. The type of geoobject type can be represented by a symboliser and
it can be a dot, line, polygon, text or raster. However, the most interesting point to us is that there
is a possibility of symbolising types of geo-objects
using characters of our cartographic key. This is
done using SLD and externally defined graphics
in the *.svg format. For example, the syntax for
symbolising dotted elements by characters with
the palm sign is as follows:

<?xml version= 1.0 encoding=UTF-8?>
<StyledLayerDescriptor version=1.0.0
xsi:schemaLocation=http://www.opengis.net/sld StyledLayerDescriptor.xsd
xmlns=http://www.opengis.net/sld
xmlns:ogc=http://www.opengis.net/ogc
xmlns:xlink=http://www.w3.org/1999/
xlink
xmlns:xsi=http://www.w3.org/2001/
XMLSchema-instance>
<NamedLayer>
<Name>Some Style</Name>
<User Style>
<Title>Palm</Title>
<Abstract>Generated by GeoServer</Abstract>
<Feature Type Style>
<Rule>
<Point Symbolizer>
<Graphic>
<External Graphic>
<OnlineResource xmlns:xlink=http://www.
w3.org/1999/xlink xlink:type=simple
xlink:href=Svg/Palm.svg/>
<Format>image/svg+xml</
Format>
</External Graphic>
<Mark/>
<Size>250.0</Size>
</Graphic>
</Point Symbolizer>
</Rule>
</Feature Type Style>
</User Style>
</Named Layer>
</Styled Layer Descriptor>

The path to the appropriate *.svg file should be
defined in the element <External Graphic>. The absolute file path should not be entered, but the relative
path referring to the folder C:\apache-tomcat-1.6\
webapps\geoserver\data\styles. So, all *.svg files
to be invoked in the SLD specification should be
placed into the folder Svg (any name can be used).
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It should be noted that some web browsers
(like Internet Explorer) do not support scale vector
graphic (SVG) visualisation. In this case an additional component called the SVG VIEWER should
be installed. In Figure 7, electricity network represented by the cartographic symbol for an electricity tower is shown in the GeoServer.

Figure 7. Electricity network represented by the
cartographic symbol for an electricity tower
As it is vector graphic, all object symbols can be
increased or reduced without loss of image quality.
In this way, we can create and get cartographic display quickly and comfortably. It can be done using
some parameters of geometry (shape, symbology,
position of sign, orientation) and attributes (colour,
style, size) of topographic-cartographic symbols.
4. Conclusion
This paper reviews the experience in development of a digital topographic-cartographic key in
the ArcGIS environment and that based on use of
WMS. Forming national spatial data infrastructure requires new standards, modern methods of
display and visualisation of geospatial data. This
primarily refers to the digital topographic-cartographic key and symbolisation in cartographic
publishing, i.e. technology of digital cartography
and GIS in the work final stages.
The created library of symbols (the digital topographic-cartographic key) can be easily adopted
to suit different needs in terms of visualisation of
geospatial data and the method of use (on screen
or paper). Depending on selected standards (national and international), it is possible to establish
cartographic standardisation and production of
geodetic planes and geographic maps [15]. It is
also possible to create a basis that would connect
content sheets at local, regional and national levels
to develop supporting GIS applications, depending on the customer needs.
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Abstract
Modern business conditions require more and
more information, which indicates the need and
importance of network technology for fast delivery,
easy access and sharing of information for optimal
organizational changes and decision-making.
The primary aim of this paper was therefore
to detect the relationship between adopted information and communication technology (ICT),
communication modalities (verbal, written and
electronic) through high and low, operational, administrative and general tasks, and determinates
of information delivery (delivery rate and delivery
time), information access (hierarchical filtration
and accessibility), use of information (representation format and information quantity) and information sharing in the graphic companies.
The research model is based on following dimensions: information and communication technology, information sharing, access and delivering
as effective communication, management and organization structure and procedures.
The empiric research was conducted on a defined sample of two hundred graphic companies
that are a specific part of production industry because the entire technology is based on information technology, and all work flows request coordinated communication.
Key words: Information and Communication
Technology, Organizational Changes, Management, Graphic Companies
1. Introduction
The role of information and communication
technology (ICT) in production companies is complex: it enhances productivity, communication and
coordination, management and decision-making.
However, most important is that it enables organizational changes. ICT is an enabling factor for
organizational changes because it allows work to
1580

be done in new and different ways because organizational structure depends on the technology that
it uses.
The results of organizational changes depend
on information technology which has a dual role
(production and coordinating role), initial organizational settings (size, hierarchical structure, vision,
mission, strategy), and management structure.
Digital revolution and globalization have caused
changes in the economic structure of the graphic
sector, so today graphic industry presents a specific
part of production industry because the entire technology is based on information technology and all
work flows requests coordinated communication.
Modern graphic technology is based on computer process control systems which are involved
in all three main phases of production (prepress,
printing, finishing). The use of information and
communication technology enabled the connection of the production process by using computer CTP (computer-to-plate) or a digital printing
system, which led to the reduction in the number
of stages within the production process. Also in
forms of printing process, ICT enabling print – on
– demand, just – in – time – printing, distributed
printing, personalized printing and repurposing
[1]. The main challenge for the graphic sectors of
today is thus the ability to adjust the modernization
of production processes in modern printing plants
that exist in industrialized countries and some developing countries. There is not much published
research that explains the role of information technology as the basis of modern communication in
the process of organizational change and management, especially in graphics companies. This work
will therefore attempt to research and explain the
role of information and communication technology related to the organizational changes in graphic
companies through the intra and cross organizational structures, delivery, access, sharing and use
of tasks and modality of information delivery.
Volume 7 / Number 4 / 2012
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2. Theoretical framework
Extensive research was conducted in the last
20 years in order to investigate business benefits
by implementing information and communication
technology and their impact on various dimensions
of business [2]. Adopting of a new technologies and
particularly flexible information and communication technologies is seen as the result of a general
process of organizational changes where companies seek to optimize their strategic, organizational
and technological practices [3].
Companies should be able to establish the optimal organizational structure for conducting their
business and ICT may lead companies to redesign
their organizational structure, but every organizational change demands the establishment of new
connections and communications between business units [4].
ICT allow organizational changes and contribute
to the following: increasing speed of technological
changes and the turbulence of competitive environments, decreasing importance of industry as the
competitive domain of firms, emergence of a positive feedback industry and increasing importance of
standard and technology platform competition [5].
On the other hand organizational structure provides
the context for strategic choices to be formulated
and it also provides the vehicle through which these
choices are effectively implemented.
Many researches were carried out in this field,
such as the one on the influence of information
and communication technologies on organizational
structure for various tasks [6]. They generated a
conceptual model for organizations by researching
tasks interdependencies, duration and information,
and communication technology. Kendall [7] classified technologies in two groups: 1) production and
2) coordination oriented. Bearing in mind this classification he pointed to the uncertainty concerning
the technological value as a significant barrier for
entry to these systems. Barua Ravindran and Whinston [8] focused on information sharing as linking
organizational structure with info-system structure.
Organizational technologies and the nature of work
teams determined the level of information-sharing
requirements. Cross-functional unit integration
and development of inter-organizational network
systems were regarded as achieving high levels of
Volume 7 / Number 4 / 2012

information sharing. Many similar studies examined the relationship between the type of decision,
organizational features and decision processes as
a determinant for the best type of information and
communication technology [9, 10]. Successful use
of communication technologies rests on contributing to the needs of the organizational structure and
complementing process changes [11]. ICT also enables the integration of and access to what is called
“organization memory” and supports managers in
decision making [6].
In new organizational structures the employees
may work in several projects and teams, and report to several supervisors [12, 13]. Job description may be rather flexible and change, based on
changes in company’s environment or organizational redesign. In this kind of work environment
the role of management is mainly that of coach
and mentor. However, the most significant task of
the manager is to enable his subordinates to perform their tasks as effectively and efficiently as
possible. A manager maybe not even understands
the connection of the jobs of his subordinates.
This is especially true for knowledge work, where
knowledge and information may be raw material
in the work itself and its outcomes [14]. All this
creates new challenges for managers today and in
the future and for the ICT as well.
3. Empirical research
3.1. Research model
Research model is based on the following dimensions: information and communication technology, information sharing, access and delivering
as an effectiveness of communication, management and organizational structure, and procedures.
The influence of verbal, written and electronic
modalities of communication media was also analyzed (see Figure 1).
Indicators of communication were studied in
two groups of information flow: within departments and functions (intra-functional) and between functions (cross-functional).
The first group of independent variables is factors of change (organizational structure and procedures, information and communication technology and individual differences). The second group
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of intermediate independent variables are task
complexity and communication modality [11].

Figure 1. Research model
This paper will investigate and explain how
these variables can be used to explain the perceived intra and cross functional communication
effectiveness which is defined as information delivery, access, sharing and use.
Organization structure such as first independent variable of the model including hierarchy,
organizational culture, job requirements and reward polices. The procedures such as the second
independent variable of the model imply written
guidelines and standards within the organization.
The availability of ICT was expected to facilitate and enhance information delivery, access,
share, and use. Combined measures of communication effectiveness would increase performance
and efficiency of work process and ICT availability should favor highly complex.
The most complex processes encompass several
functional boundaries of an organization. Integrating communication between cross functional teams
and the functional departments posed a key problem. It is expected that communication effectiveness between high and low complexity tasks will
be different. High complexity tasks are used for
tracking progress, reporting and knowledge transfer within and between project groups and they are
dynamic and natural. Low complexity tasks such as
announcements and administrative references are
discrete and available to the entire organization [11]
Modality through which information is delivered plays a vital role in communication effectiveness. Verbal ways include face-to-face, telephone,
group meetings, and word-of-mouth. Written
ways refer to documents, fax and company newsletter. Electronic communication includes e-mail,
central database, service request system and obtaining information.
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Hypotheses are based on theoretical framework
and previous published researches:
H1: Cross-functional organization structures
promote access and sharing of information in the
graphic companies
H2: ICT availability is strongly related to information delivery, access, sharing and use in the
graphic companies
H3: High complexity tasks prevail in the graphic companies
H4: ICT interacts with organizational tasks,
electronic modality is perceived to aid information
delivery, access, sharing and use of high complexity tasks in the graphic companies
H5: In the graphic companies electronic modality of information delivery is dominant
H6: In the graphic companies changes in organizational structure are related to the ICT adoption
H7: In the graphic companies increased emphasis on management systems is related to the
ICT adoption
3.2. Research methodology
The questionnaire was designed to measure effectiveness of ICT, organizational structure and
procedures, management and communication media in order to prove the thesis. The person questioned was able to choose one or more answers
and answer using a 5-point Likert scale.
The two extremes used to help assess the influence of ICT, organization structure, procedures and
management on intra and cross communication,
were very much influential and not influential at all.
Internal consistency of measures of communication effectiveness (delivery, access, sharing and
use) was also computed. A total of seven measures
of communication effectiveness were used.
The respondents were scored the problems of
communication effectiveness with a 5-point Likert scale between the endpoints very frequently
encounter and never encounter.
Task complexity is ranged low and high, administrative and operational.
Internal consistency was computed for the verbal, written and electronic communication modalities. Respondents were scored their use of these
with a 5-point Likert scale between the endpoints
very frequently use and never use one.
Volume 7 / Number 4 / 2012
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Different relations between verbal, written and
electronic modalities through high and low, operational, administrative and general tasks and determinates of information delivery (delivery rate and
delivery time), information access (hierarchical
filtration and accessibility), information use (representation format and information quantity) and
information sharing will be found to.
Changes in the organizational structure were
measured with respect to the number of hierarchical levels and middle-level management positions, formalization and centralization of authority. A change in the number of hierarchical levels
was measured with one three-point item question
(decreased, unchanged and increased). Change in
the number of middle-management was identically measured. Formalization refers to the degree of
job codification and rule observation within an organization [15]. The operationalization of this construct was derived and adapted from Lefebvre’s
study [16] using a three-item 5-point Likert scale.
The scale measures changes with an emphasis on
complete job descriptions and compliance to company rules. Centralization of authority concerns
the distribution of power for the administration of
operational activities. It was operationalized using
5-point Likert scale measuring the extent to which
there is an increased emphasis on centralization of
operational budget formulation.
Change in emphasis on management systems
was operationalized using four variables indicating the increase or decrease in the use of the formal
systems pertaining to strategic planning, financial
control, evaluation and recruitment of the personnel. The content management system affects data
availability and information sharing due to its nature, even if it is important to highlight the difference between information and content, which is the
main asset of printing and publishing firms [17].
Internal consistency of these questions was
found by computing Cronbach’s alpha. This statistic provides an indication of an average correlation among all items that make up the scale.
Values range from 0 and 1, with higher values indicating greater reliability. Ideally, the Cronbach’s
alpha coefficient of scale should be above 0.7.
Pearson correlation was used to explore the
strength of relationship between continuous variables (this gives an indication of both direction
Volume 7 / Number 4 / 2012

(positive or negative) and the strength of the relationship) and Chi-square test for exploring relationships among variables.
This is followed by a multivariate analysis of
variance MANOVA that was designed to assess
statistical significance of differences between
communication media and task groups in the seven measures of communication effectiveness.
4. Data analysis and results of empirical
research
The empirical research was conducted on a defined sample of two hundred medium and large
graphic companies i.e. printing and publishing
houses. The fulfilled questionnaires were collected
by e-mails and the final sample included 139 questionnaires. The questionnaire return rate was 69.5%.
A majority of the candidates questioned belong
to middle and upper management and have average 11 years of experience.
First step was to compute Cronbach’s alpha,
which indicated a strong correlation of variables
(see Table 1).
Table 1. Reliability of survey variables
Variables
Intra and cross functional
communication parameters
Communication effectiveness measures
Verbal communication
Written communication
Electronic communication

Cronbach
alpha
0.84
0.78
0.72
0.75
0.82

Further measures of communication effectiveness and types of communication media were analyzed by examining the factors analysis with Varimax rotation for seven determinants of communication effectiveness (see Table 2). The factor loadings
have to be above 0.60. All seven determinants in the
test have factor loadings above 0.60 (see Table 2).
Also were computed Pearson correlation coefficients of perceived role of ICT, organizational
structure, procedures and management on intra
and cross communication (see Table 3).
The size of the value of Pearson correlation (r)
can range from – 1.00 to 1.00. This value will indicate the strength of the relationship between two
variables. A correlation of 0 indicates no relationship
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Table 2. Factor loadings of communication effectiveness measures
Factor 1
Delivery rate
Delivery time
Hierarchical filtration
Ease of access
Representation format
Information quantity
Information sharing

Factor 2

Factor 3
0.90

0.92

Factor 4

Factor 5

Factor 6

Factor 7

0.86

0.88

0.94

0,92

0.90

Table 3. Pearson correlation coefficients
ICT
Delivery rate
Delivery time
Hierarchical filtration
Ease of access
Representation format
Information quantity
Information sharing

Intra
0.449
0.571
0.182
0.511
0.426
0.298
0.522

Cross
0.532
0.592
0.201
0.539
0.381
0.326
0.568

Organization
structure
Intra
Cross
0.397
0.431
0.646
0.689
0.127
0.112
0.582
0.604
0.391
0.447
0.359
0.416
0.521
0.559

at all, a correlation of 1.0 indicates a perfect positive correlation and value of – 1.0 indicates a perfect
negative correlation (r=0.10 to r=0.29 indicate small
correlation, r=0.30 to r=0.49 indicate medium correlation, r=0.50 to r=1 indicate large correlation).
The table demonstrates the expected strong correlation between ICT and delivery time, than delivery time and organizational structure and finally
procedures, as well as intra and cross functional.
Strong correlation was computed also between the
accessibility and ICT, organizational structure and
procedures, as well as intra and cross functional.
Information sharing is strong correlated to ICT,
organizational structure, procedures and management, as well as intra and cross functional.
Pearson correlation proves hypothesis H1.
Also, he further proves hypothesis H2.
Hypothesis H3 was proved by the Cross-tabulation analysis (see Table 4).
Table 4. Cross-tabulation analysis of prevalent
tasks according complexity
Complexity task
Low
complexity
task
Companies (N)
1584

26

High
Total
complexity
task
113

139

Procedures
Intra
0.488
0.587
0.196
0.591
0.293
0.274
0.688

Cross
0.440
0.641
0.233
0.584
0.265
0.362
0.718

Management
Intra
0.319
0.387
0.167
0.227
0.108
0.296
0.571

Cross
0.324
0.392
0.132
0.391
0.117
0.208
0.672

Another finding was the interaction of delivery time and the adopted ICT (see Table 3) which
proves hypothesis H4. Hypothesis H5 was proved
by the MANOVA test. MANOVA was used to assess statistical significance of differences between
communication media and task groups on the seven measures of communication effectiveness with
four criterion tests (Pillai’s Trace, Wilks’ lambda,
Hotelling’s Trace and Roy’s Largest Root) for
which corresponding F values are applied. F values are identical for all four tests. If is significance
level less than 0.05, could be concluded that there
is a difference among the groups.
It is evident from Table 5 that there is a significant value of all seven determinants of communication effectiveness with all three modalities
of communication in graphic companies from the
sample less than 0.05, so it can be concluded that
there is a difference among tested groups. It was
also proved that there are different relations between verbal, written and electronic modalities
through operational, administrative and general
tasks and determinants of information delivery
(delivery rate and delivery time), information access (hierarchical filtration and ease of access), information use (representation format and information quantity) and information sharing.
Volume 7 / Number 4 / 2012
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Table 5. MANOVA analysis of perceived influence of communication media on communication effectiveness
Verbal
O
3.276
0.014
3.394
0.007

Delivery rate
Delivery time
Hierarchical filtration

A
3.015
0.022
3.270
0.016
2.277
0.030

3.922
0.027

Ease of access
Representation format
Information quantity
Information sharing

2.053
0.016

2.457
0.020
3.991
0.009
2.871
0.031

Written
G
2.491
0.032

O
2.028
0.020
2.971
0.027

3.441
0.022

3.652
0.008
3.781
0.015

2.781
0.007

O = operational, A = administrative, G = general

Table 6 shows the percentage of dominant modality of information delivery in graphic companies
from the sample, which proves hypothesis H6.
Table 6. Percentage of dominant modality of information delivery
Verbal
Written
Electronic
Total

No. of companies
6
49
84
139

%
4.32
35.25
60.43
100,00

Hypothesis H7 was proved by Pearson correlation coefficients (see Table 7) r =0.10 to r = 0.29
indicate small correlation, r = 0.30 to r = 0.49 indicate medium correlation, r = 0.50 to r = 1 indicate
large correlation. …
The table demonstrates a strong correlation
between adopted ICT and changes in the organizational structure of the graphic companies from
the sample. Especially is emphasis to decrease in
the number of hierarchical levels with expectation
for more decrease in the near future. A decrease in
the number of hierarchical levels involves abandoning of traditional hierarchical control over
high level tasks, activities and processes. Moreover, the correlation between adopted ICT and
future changes in middle-line management was
established, which is proved to be a positive impact of ICT because middle-line management will
Volume 7 / Number 4 / 2012

3.797
0.032

A
4.871
0.037
3.568
0.014
2.489
0.033
3.251
0.011
4.788
0.010
3.994
0.021
2.699
0.037

Electronic
G

2.921
0.034
3.852
0.029

2.227
0.028

O
4.273
0.006
3.881
0.029
3.577
0.024
4.037
0.031
3.924
0.039
4.938
0.005
4.887
0.030

A
3.478
0.006
4.459
0.029

G
3.922
0.028

2.212
0.031

3.921
0.017

5.791
0.005
5.241
0.030

slightly increase in the near future. The increase
of middle-line management will result in decentralization and decision-making at lower levels of
hierarchy. Finally, hypothesis H7 also was proved
by Pearson correlation coefficients (see Table 8).
Table 7. ICT adoption and change in organizational structure
ICT
Current Prospective
use
use
Hierarchical levels
Change in hierarchical
levels
Future change in
hierarchical levels
Extensiveness of middle-line
management
Change in middle-line
management positions
Future change in middleline management positions
Formalization
Detailed job description
Conformance to company
rules
Less job overlap
Centralization
Centralization of
operational budgeting

0.571

0.427

0.629

0.392

0.511

0.376

0.574

0.313

0.347

0.382

0.251

0.239

0.298

0.194

0.216

0.116
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Table 8. ICT adopting and management
ICT
Current Prospective
use
use
Increased emphasis on
Strategic planning
Budgetary control
Personnel control and
evaluation
Personnel recruitment

0.641
0.562

0.587
0.381

0.399

0.374

0.328

0.292

The table shows a strong correlation between
adopted ICT and increased emphasis on management systems in the graphic companies from the
sample. Increased emphasis on strategic planning
system is related to the adopted ICT because appropriate technology provides data monitoring,
analyzing and modeling required by the management to reach a decision. Management systems
have a tendency to increase in the near future.
Al hypotheses were proved true.
5. Conclusion
Modern business conditions require more and
more information, which indicates the need and
importance of network technology for fast delivery, easy access and sharing of information
for optimal organizational changes and decisionmaking.
This study illustrates the importance of ICT and
their interaction with organizational structure and
changes, task complexity and communication media because ICT is an influence factor for effective
communication following organizational structure and procedures. The most important findings
show a strong prevalence of electronic and written
media for all three categories of tasks (operational,
administrative and general), as well as tasks complexity (high/low). Furthermore, cross-functional
communication was associated with organizational structure, but signaling a need for restructuring
i.e. decreasing a number of hierarchical levels.
One further importance is the correlation between
the adopted ICT and future changes in middle-line
management, which is a positive impact of ICT
because middle-line management will slightly increase in the near future. The increase of middleline management will cause decentralization in
1586

decision-making at lower hierarchical levels. The
growing emphasis on strategic planning system is
also related to the adopted ICT because appropriate technology provides data monitoring, analyzing and modeling required by the management to
reach a decision. Management systems have a tendency to increase in the near future. This research
also proved different relations between verbal,
written and electronic modalities through operational, administrative and general tasks and determinates of communication effectiveness. The
results concerning complementary view show that
the adoption of ICT is strongly linked to organizational changes and management in the graphic
companies. Only certain specific organizational
tools and strategic choices are complementary
for a specific ICT demanded by specific graphic
production. ICT is linked to structure and management flexibility which allows the decrease of
formalization and increase of decentralization, as
well as strategic planning and business control.
Future development of new production technologies in printing and publishing will almost
certainly require the adoption of a new ICT in
graphic companies and this is a basis for creating
and sustaining competitive advantage.
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Abstract
As a result of operation of an ore flotation facility at Donja Rudnica near Raška, Serbia, during
the period from 1972 to 2002 floatation tailings
and wastewater of highly complex chemical compositions were deposited in the alluvial plain of
the Ibar River. Due to excellent groundwater flow
characteristics of the alluvial formations underlying the tailings dump, the groundwater and soil in
the extended area were continually polluted. High
concentrations of heavy metals, concentrations of
sulfate ions as high as 3709 mg/l, and groundwater
pH levels of 4.2 have been recorded at some locations. The paper draws attention to the potential
risk this site poses to the conservation of biodiversity in the extended area.
Key words: flotation tailings dump, alluvium,
groundwater pollution, Serbia
Introduction
The Ibar is one of the most important rivers in
southwest Serbia. In geological terms, a portion of
its catchment area, from Donja Rudnica (or from
the administrative border between Serbia and
Kosovo) to the downstream location of Biljanovac (along the road to Kraljevo), belongs to the
so-called “Raška” Ore-bearing Area.
The ore-bearing capacity of this area was
known back in the Middle Ages but intensive mining took place only in the latter half of the past
century. In 1972, a magnetite separation and copper flotation plant was built in Donja Rudnica.
This plant processed a total of 2,858,100 tons of
ore until the year 1986.
Following the opening of new lead and zinc
mines at Sastavci and Kiževak on the western
slopes of Mt. Kopaonik, the Donja Rudnica plant
began floating these ores as well in 1986. Until the
1588

year 2002, when the flotation plant was decommissioned, a total of 2,064,956 tons of Pb/Zn ores
had been processed.
During the period of operation of the flotation
plant from 1972 to 1986, flotation tailings were
deposited at several sites along the Ibar River.
The most significant flotation tailings dump was
formed in the alluvial plain of the Ibar, at Veliko
Polje near Donja Rudnica (Figure 1).
The development of a new flotation tailings
dump in the Kukanjica Creek upstream from the
Donja Rudnica plant began in mid-1991. By the
year 2002, some 1,000,000 tons of tailings were deposited at this site (from 1991 to 1996 a portion of
the tailings were disposed of at the Veliko Polje site).
In addition to flotation tailings, flotation wastewater was also disposed of at these landfills. The
chemical composition of the wastewater was highly complex, given that flotation reagents: NaCN,
ZnSO4, KAX, KEX, CuSO4, FeSO4 and NaSO3,
were used in the ore flotation process. For example, the plant used 170 tons of sodium cyanide
(NaCN) from 1986 to 2001. The soil and groundwater in the extended area were polluted through
infiltration of this wastewater from the flotation
tailings dump. Additionally, flotation wastewater
was occasionally discharged directly into the Ibar
River via tailings dump collectors.

Figure 1. Flotation tailings dump in the alluvial
plain of the Ibar River near Donja Rudnica
Volume 7 / Number 4 / 2012
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Objective
Given that the Village of Donja Rudnica does
not have a public water supply system such that its
inhabitants withdraw groundwater from shallow
dug wells for their daily needs, and that there was
active farming at Veliko Polje immediately adjacent to the flotation tailings dump, pilot tests of environmental substrates were conducted from 2002
to 2004. The objective of this paper is to present
the results of the tests performed in the Veliko Polje
plain, in view of the fact that they showed that there
was considerable environmental pollution, with the
Ibar River potentially spreading the pollution over a
much greater area. The exposure of the local population to health risks is highlighted.
General geological and hydrogeological
characteristics of the extended area of
Donja Rudnica
The extended area of Donja Rudnica is made
up of Tertiary volcanites which are found over a
large area, from Ušće in the north to Leposavić
in the south. The volcanic rocks are underlain by
Paleozoic shales (the oldest rocks) and peridotite
rocks resulting from highly complex ultramafic
magmatism, followed by diabase-chert formations, Kopaonik granodiorites and other rocks.
Tertiary volcanism began in the Lower Miocene,
lasted through the Neogene (albeit with certain interruptions) and began to phase out at the end of the
Pliocene. Its nature was distinctly explosive and it
underwent several stages and pulsations. [2]
Volcanic rocks are made up of dacite-andesites
(aqa), quartzlatite, basaltoids (to a lesser extent),
as well as volcanic pyroclastics (Qaqa) represented
by volcanic breccias, tuffs and agglomerates (Figure 2). The thickness of the volcanic rocks varies
and is about 300 m on average, depending on the
paleorelief morphology, the nature of volcanic activity and the proximity of supply channels.
The youngest formations are Quaternary and
represented by alluvials (al), which are found
along the course of the Ibar. They are made up
of sands, gravels and clays whose total thickness
occasionally exceeds 10 m, as is the case in the
alluvial plain at Veliko Polje near Donja Rudnica
(Figure 2).
Volume 7 / Number 4 / 2012

Figure 2. Hydrogeological map of the extended
area of Veliko Polje near Donja Rudnica

1. Alluvial sands, gravels and clays (intergranular aquifer); 2.
dacite-andesite pyroclastites (fractured rock aquifer); 3. dacite-andesites (fractured rock aquifer); 4. geological boundary;
5. water-table contour lines of confined aquifer (as of 20 December 2004); 5. direction of groundwater flow; 7. dug well.

From a structural perspective, the terrain is
heavily tectonically faulted and deformed. There
are many faults of different sizes and orientations.
Photograms east of Raška also show circular
(ring-like) structures. In the andesites, the faults
feature better continuity and longer dip elements
than those of poorly consolidated pyroclastites.
In hydrogeological terms, the volcanic rocks
are characterized by fracture porosities and a fractured rock aquifer formed within them (Figure 2).
Given that the fractures are heavily squeezed and
packed with secondary fillings, the permeability
of volcanic rocks is poor and they hold relatively
modest amounts of groundwater.
A confined aquifer was formed in the alluvial
formations, due to their intergranular porosity.
The largest extent of these formations is found in
the alluvial plain at Veliko Polje. The groundwater flow characteristics of the alluvial formations
is good, featuring coefficients of transmissivity of
T=2.0x10-2 m2/s (KB-1), Figure 3, and T=6.5x10-3
m2/s (KB-8). The groundwater level of the confined
aquifer is commonly found at a depth of 1.5 to 4 m
below the ground surface; the depth reaches 7 m
only along the northern edge of Veliko Polje due to
higher ground elevations (areas of former river terraces). The aquifer is in good hydraulic contact with
the Ibar which flows along the southern edge of the
alluvial plain of Veliko Polje (Figure 2) [4].
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Figure 3. Dynamic groundwater level of the confined aquifer in the Ibar alluvium during a pumping test at dug well KB-1 in Veliko Polje
Directions of groundwater flow in the alluvial
formations of Veliko Polje are directly dependent
on the stages of the Ibar River, but they are generally from the northern edges to the central portions
of the alluvial plain, or to the most downstream
profiles of the Ibar at Veliko Polje.
At low stages of the Ibar, the confined aquifer
is discharged directly into the river and is partly
drained by groundwater abstraction from dug wells
by the local population. The confined aquifer is recharged by precipitation and from surface streams,
but only at high stages of the Kukanjica Creek and
the Ibar relative to the groundwater level.

tory tests of the groundwater were conducted using
samples collected from six dug wells (KB-1, KB-6,
KB-7, KB-8, KB-10 and KB-11), as well as from a
gravel excavation site located on the western edge
of the tailings dump (i2), Figure 2. These tests revealed elevated concentrations of both macro-components and micro-components in the groundwater.
Among the macro-components, significant
concentrations of the sulfate ion (SO4) were recorded (Figure 4), which in four samples exceeded the drinking water standard and ranged from
579.6 mg/l to as much as 3709.0 mg/l. [5]
Exceedance of maximum allowable concentrations (MACs) of heavy metals in the tested groundwater samples was recorded in central and northern
parts of Veliko Polje: lead (Pb=2.17 mg/l), cadmium (Cd=0.1 mg/l), zinc (Zn=4.04 mg/l), aluminium
(Al=2.5 mg/l), total iron (Fe=7.38 mg/l), and manganese (Mn=2.04 mg/l). Most of the groundwater
samples were acidic, with pH levels up to 4.2.

Environmental substrate test results
Laboratory tests of environmental substrates in
the Donja Rudnica area revealed considerable pollution of the alluvial soil and groundwater, as well
as air pollution [1].
As a result of particles from the tailings dump
being carried by winds into the neighboring areas,
as well as due to the infiltration of floatation tailings
leachate into permeable alluvial formations, heavy
metals were detected in the soils at Veliko Polje in
concentrations which exceed regulated standards
several times. A significant departure from recommended levels was noted of the concentrations in
the soil of primarily lead (Pb=335.5 mg/kg), arsenic
(As=44.3 mg/kg), chromium (Cr=104.7 mg/kg),
and nickel (Ni=79.7 mg/kg). Zinc concentrations
were close to the reference value.
This research devoted special attention to
groundwater pollution in the alluvial formations of
Veliko Polje, or the so-called “first” aquifer. Labora1590

Figure 4. Contour chart of sulfate (SO4) concentrations in the groundwater in the Ibar alluvium
near Donja Rudnica
1. Alluvial formations; 2. dacite-andesite pyroclastites; 3.
dacite-andesites; 4. geological boundary; 5. sulfate concentration (mg/l) contour lines; 6. dug well.

The heaviest groundwater pollution was recorded in the southwestern portion of Veliko Polje,
immediately adjacent to the western perimeter of
the tailings dump (i2), primarily as a result of the
direction of groundwater flow (or the prevailing
direction of the plume) from the tailings dump
source at Veliko Polje to the downstream profiles
of the Ibar in the western part of Veliko Polje.
Samples of this groundwater measured maximum
concentrations of zinc (Zn=12.7 mg/l, Figure 5),
nickel (Ni=0.6 mg/l), manganese (Mn=10.6 mg/l),
Volume 7 / Number 4 / 2012

technics technologies education management

and iron (Fe=16.0 mg/l), Figure 6. TDS was 8010
mg/l, and the pH level 6.0.
Tests of airborne sediment were conducted over
a short period of time (in October 2004) and they revealed the presence of 35-71 mg/m2/day of airborne
sediment, as well as acid rain (pH= 4.6 – 4.8).

Figure 6. Contour chart of iron (Fe) concentrations in the groundwater in the Ibar alluvium
near Donja Rudnica
1. Alluvial formations; 2. dacite-andesite pyroclastites; 3.
dacite-andesites; 4. geological boundary; 5. total iron concentration (mg/l) contour lines; 6. dug well.

Figure 5. Contour chart of zinc (Zn) concentrations in the groundwater of the Ibar alluvium
near Donja Rudnica
1. Alluvial formations; 2. dacite-andesite pyroclastites; 3. dacite-andesites; 4. geological boundary; 5. zinc concentration (mg/l) contour lines; 6.
dug well.
Discussion
Before the ore separation plant was built in
1972, the residents of Donja Rudnica used only
groundwater withdrawn from dug wells for their
daily needs. Even after 30 years of heavy environmental pollution in this area, the inhabitants
of Donja Rudnica customarily continued to use
groundwater for their household needs and, in
some cases, to even drink this water.
The use of groundwater from dug wells in
Donja Rudnica, based on the shown departures
from standards and determined concentrations,
constitutes a major health risk not only if used as
drinking water, but also for other household needs,
especially cooking and watering of domestic animals, given that over a protracted period of time
some of the inorganic pollutants are likely to enter
the food chain [3].
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A sulfate ion (SO4) concentration higher than
the drinking water MAC results in a tart taste and
can also have a laxative effect on sensitive individuals if sulfate concentrations exceed 500 mg/l.
Manganese ion (Mn) concentrations in excess
of MAC alter the taste of water, leave stains and
deposits, and foster the growth of manganese bacteria. Prolonged use of drinking water with high
manganese concentrations leads to poisoning whose
symptoms are related to the central nervous system,
where manganese psychosis is typical but not lethal.
The use of water from well KB-7 featuring high
lead (Pb) concentrations (2.170 mg/l) would pose
a considerable health risk, particularly for children who absorb 50% of ingested lead, compared
to adults whose absorption rate is 10-15% of the
amount ingested with water. Lead has an adverse
effect on nearly all bodily systems, but in accumulates in the central nervous system and, in children,
affects intelligence, growth and development.
Conclusion
The environment of the Village of Donja Rudnica near Raška has been considerably polluted by
an ore processing industry. The local population
is exposed to health risks, given that all environmental substrates (soil, groundwater and air) were
found to be polluted.
Measures should be undertaken without delay
to seek out alternative sources of healthy water
supply for Donja Rudnica from neighboring areas,
1591
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as well as to remediate the soils of Donja Rudnica which were found to be polluted by a tailings
dump, so that environmentally acceptable conditions can be restored for life in this area.
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Abstract
This paper presents a literature overview of
Fuzzy Relational Database Models (FRDBMs)
with emphasis on the role of functional dependencies in logical designing and modeling. The aim
is the analysis of recent results in this field and
identifying of application involving these models.
Fuzzy set theory is widely applied for the classical
relational database extensions resulting in numerous contributions. This is because fuzzy sets and
fuzzy logic are powerful tools for manipulating
imprecise and uncertain information. A significant
body of research in efficient modeling FRDBM
has been developed over the last decades, but there
aren’t algorithms for data dependencies identification. Knowing the set of functional dependencies,
database managers have a chance to normalize
fuzzy database models eliminating redundancy
and data anomalies. In this paper we have considered the most important results in this field.
Key words: fuzzy relational database model,
functional dependencies, fuzzy functional dependencies, fuzzy set.
1. Introduction
Classical database models often suffer from
their incapability of representing and manipulating with imprecise and uncertain information that
appear in many real world applications. Since the
early ‘80s, Zadeh’s [1] fuzzy logic has been used
to extend different data models. The purpose of introducing fuzzy logic in the database is the possibility of representing and monitoring a vague and
imprecise information. This resulted in numerous
contributions, mainly in computer applications.
Naturally, fuzzy relational database extends a
function of classical data models, which provides
Volume 7 / Number 4 / 2012

a rapid development of artificial intelligence. Artificial intelligence has been extensively used in different control systems, systems of planning, learning, knowledge search etc. A very important thing
of this data model is the fact that there are many
active research areas that directly involve or use
these knowledge base. The issue about vague and
imprecise data and their representations is presented and important in various fields [2]. We will
list just a few of them: geographic information
systems (GIS) and representation of spatial data
systems, data mining, statistical database models,
information retrieval.
In a relational database models real interest is
the identification of dependencies between data,
i.e. functional and fuzzy functional dependencies,
so that these models could be normalized. In this
way, the database design is based on the assumption that there is a set of dependencies which is
the input for database normalization. There are a
lot of papers about data dependency analysis, but
comprehensive review in this area still missing. In
this paper, we have considered and systematically
elaborated the concept of functional dependency
that is extended to Fuzzy Relational Database
Models (FRDM).
The remainder of this paper is organized as
follows. Section 2. gives basic knowledge about
fuzzy set theory and uncertain information. Fuzzy
relational database models are described in section
3. Sections 4. And 5. explores issues and papers in
the field of functional dependencies analysis. Applications which use data dependency theory are
presented in section 6. The seventh section is provided for conclusion.
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2. Imperfect information and fuzzy set
theory
2.1. Imprecise and unceratin information
Inconsistency, imprecision, vagueness, uncertainty and ambiguity are basic types of imperfect
information in database systems [3].
Inconsistency is a kind of semantic conflict,
meaning the same aspect of the real world is represented differently in one or in several different
databases. For example, the age of one person is
stored as 34 and 37 simultaneously.
Intuitively, the imprecision and vagueness are
relevant to the content of an attribute value, which
means that an attribute value must be made from
a given range (interval or set) of values but we
do not know exactly which value will be selected
at present. In general, vague information is represented by linguistic variables. For example, the
young man is a set {20,21,22,23} which means
that a young man can be 20 or 23 years old.
The uncertainty is related to the degree of truth
of its attribute value, and it means that we can apportion some, but not all, of our belief to a given
value or a group of values. For example, the possibility that the age of Marko is 35 right now may be
97%. The random uncertainty described in probability theory is not considered here.
The ambiguity means that some elements of
the data model lack in complete semantics leading
to several possible interpretations.
Generally, several different kinds of imperfection can co-exist regarding to the same data in database. For example, person’s age is data from a
set of values {20,21,22,23} and their membership
degrees are 0.85, 0.90, 0.96 i 0.80 respectively.
Imprecision, uncertainty and vagueness are the
most often types of imperfect information in classical relational database.
On the other hand, stored values in databases
might be exact and precise e.g. altitude of town
centre is 792m or unemployment rate is 9.86%.
Fuzzy sets allow users to use concepts based on
linguistc terms in order to retrieve relevant data
and to rank them according to the matching degree
e.g. select towns where unemployment rate is high
and migration level is low.
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2.2. Fuzzy set theory and possibility distributions
Many of the existing approaches related to imprecision and uncertainty information are based
on the theory of fuzzy sets and possibility distribution theory. A fuzzy set {0.85/20, 0.90/21, 0.96/22,
0.80/23} for the person’s age contains uncertainty
information (a person’s age may be 20, 21, 22 or
23 years) and the degree of membership (0.85,
0.90, 0.96 and 0.80) simultaneously. One of the
most important characteristics of fuzzy sets is
their ability to express the degree of uncertainty in
human thinking and his subjectivity. Such a basic
idea with membership grade or weighted elements
is proved as very useful in the knowledge analysis
and information representation [3].
Convention is accepted that in fuzzy relational
databases we use the following marks. Let U be
a domain. A fuzzy set A defined on U is usually
displayed in the form:
mA : U ® [0,1]
In this way, each element x Î U has a degree of
membership to fuzzy set A mA (x) Î [0,1]. Thus the
fuzzy set A is described as follows:
A = {(x, mA(x)): xÎU}
where mA(x) denotes the degree of membership
of x in the fuzzy set A. When mA(x) is greater, there
is more truth in the claim that the element x belongs to A.
When U is an infinite set, fuzzy set A defined
on U is represented as:
A=

∫

xÎU

m A ( x)
x

Three major meanings for membership function which exist in the litareature are: similarity,
preference and uncertainty [4]. Each of these semantics can be used in real class of applications.
Membership function of a fuzzy set is sometimes
a kind of utility function that represents flexibile
contstraints in the decision-making problems. In
following paragraphs interpretations of membership function using in applicatons are defined.
Volume 7 / Number 4 / 2012
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Degree of similarity: membership function
can be used for defining the degree of closeness
and similarity between respective elements. This
is also the oldest semantics introduced by Bellman
et al. and this view is particularly significant in
clustering and regression analysis where we have
considered the problem of data representing and
determining closeness between them.
Degree of preference: a fuzzy set A represents
a set of more or less preferred objects or values
of the variables used for decision making. In this
case, mA(x) represents an intensity of preference in
favor of object x1 as a value of x2. Fuzzy sets then
represent criteria or flexible constraints. This approach forwarded by Bellman and Zadeh is now
fundamental for optimization problems, fuzzy
linear programming and decision analysis. Approximate reasoning based on the variables and
constraints that can be fuzzy is particularly suitable for using of this concept.
Degree of uncertainty: this interpretation is
proposed by Zadeh when he introduced possibility distributions theory. mA(x) is the degree of possibility that a fuzzy set A takes value x. Membership function ranks values in terms of their possibility. This approach is used in expert systems.
When the membership function is defined in this
way, then the probability that the fuzzy set A takes
value x is described as a possibility distribution pA.
pA = (pA(x1)/x1, pA(x2)/x2,...., pA(xn)/xn)
Extension of classical relational database model introduced by Codd can be done by including
fuzzy values on the attribute domain. These uncertainty information are defined by Zadeh’s fuzzy
sets and fuzzy logic theory and they allow mathematical framework for representation and handling of imprecise information in fuzzy relational
database models.
3. Fuzzy relational database models
Numerous studies in the field of fuzzy relational database models were introduced in recent
years [5-15]. The literature has reviewed and discussed various issues, such as data representation,
different models of the fuzzy relational databases
(FRDBMS), the dependence between data, norVolume 7 / Number 4 / 2012

malization and implementation of FRDBMS,
fuzzy query generation, fuzzy selection and classification. In this paper we present a comprehensive overview of functional dependency analysis
which plays an important role in the logical design
and database implementation.
3.1. Data representation in FRDBMs
Several approaches that include fuzzy information adding in the relational database model are
shown in the literature. So, at the first level, fuzzy
relational database model is based on the similarity relation [16]. The second group is FRDBMs
based on fuzzy relation [17]. In recent times, we
meet more and more with models where proximity relation is applied. The most important approach utilizes possibility distribution [7]. The
existing approach at this level can be grouped in
two classes: attribute value associated with the
possibility distribution in the first case, while in
another one tuple belongs to relation with grade of
membership m.
Therefore, we must define a framework for
representing imprecise information. Several extensions have been brought to the relational database model to capture the uncertain parts of the
real world. This section presents four models for
data representation FRDBMS [7,8,18,19]:
– Fuzzy model based on similarity relation,
– Fuzzy model based on possibility distribution,
– Fuzzy model based on fuzzy relation and
– Fuzzy model based on proximity relation.
Let R be the relation scheme R (Name, Address, Age, Productivity, Salary) and T1, T2, T3
instances (tuples) at some point of time in different databases:
– T1: (Mark, Boulevard revolution Str, {21,
22, 23}, good, high or medium),
– T2: (John, New Belgrade, {0.7/22,1/25,
0.8/28}, excellent, {low, medium}),
– T3: (Peter, Knez Mihail Str, 27, satisfactory,
high): m, where m is degree of membership
for this tuple and m Î [0,1].
In presented model, domain of the attributes
can be linguistic terms (low, medium, high, satisfactory...), fuzzy sets {0.7/23, 1/25, 0.8/28}, sub1595
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sets of the given domain {low, medium}. Then,
we notice that tuple may belong to a given relation
with some degree of membership.
Fuzzy model based on similarity relation provides that each domain of set of attributes in
fuzzy relational databases is associated with similarity relation. Attribute value can be a subset of
Domain instead crisp element as we can see in
classical relation databases. Thus, we have the
following definition:
Definition 1. A fuzzy relation R is a subset of
Cartesian product 2D1 ´ 2D2 ´ ... ´ 2Dn where Di is
finite domain and 2Di is power set of Di. Any member of the relation is called tuple.
According to that, fuzzy tuple ti has the form ti=
(dil, di2,..., dij, ..., din) where dij Ì Dj, j=1..n, dij ¹Æ.
Definition 2. A similarity relation is a mapping sj: Dj x Dj ® [0,1] such that for x,y,z Î Dj :
sj(x,x) = 1 (reflexivity)
sj(x,y) = sj(y,x) (simmetry)
sj(x,z) > max (min(sj(x,y), sj(y,z)) (max-min
transitivity).
We can present an example of this model with
tuple T1:
T1: (Mark, Boulevard revolution Str, {21, 22,
23}, good, high or medium).
Fuzzy model based on possibility distribution
extends the classical theory of relational databases
allowing the use of fuzzy values for
 attributes. The
fundamental concept of the fuzzy information is
that a variable (attribute) is not definied as a specific value. In this context, we use the term possibility distribution where each attribute value is associated with values from the interval [0,1]. Generally, the possibility distribution is identified with
membership function. Then, we say that element
x belongs to a fuzzy set A (‘’Weight of people’’)
with degree of membership 0.8 Respectively, possibility distribution of element xÎU on fuzzy set
A, defined on the domain U, is pA(x)=0.8
Definition 3. A fuzzy relation R is a subset of
the Cartesian product П (D1) ´... ´ П (Dn), where:
П (Di) = {pAi | pAi is possibility distribution of Ai
on Di}. Corresponding tuple is given in the form
ti= (pA1, pA2, ...., pAn).
An example of this model is presented with
tuple T2:
T2: (John, New Belgrade, {0.7/22, 1/25, 0.8/28},
excellent, {low, medium}).
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Fuzzy model based on fuzzy relation is concept
introduced by Baldwin. This model specifies that
a tuple belongs to a given relation with appropriate grade of membership m, while the attribute
values treated as atomic, regardless of their nature
(crisp, linguistic terms, fuzzy values...) Fuzzy relation is defined as follows:
Definition 4. Fuzzy relation R on D1 ´...´ Dn is
determined by the membership function:
mR : D1 ´...´ Dn ® [0,1], where Di is domain of
attribute Ai. General form of the binary relation R
on D1 ´ D2 is represented as:
R = {mR (x1,y1)/(x1,y1),..., mR(xm,yn)/(xm,yn)} in
tuple given as:
R = {x1,y1, mR(x1,y1),..., xm,yn, mR (xm,yn)}, where
xi Î D1, i = 1,2,...,m and yj Î D2, j = 1, 2, ..., n.
An example of this model is presented with tuple:
T3: (Peter, Knez Mihail Str, 27, satisfactory,
high): m, where mÎ [0,1].
Fuzzy model based on proximity relation allows
the application of closeness relation which determines proximity of attribute values in given domain.
It is clear that max-min transitivity is very restrictive
constraint which may be counterintuitive for certain
domains. This extension generalizes the classical
relational database model. Note that the similarity
relations are special proximity relations only. The
properties of reflexivity and symmetry are very appropriate for expressing the degree of closeness or
proximity between elements of a scalar domain.
Definition 5. A proximity relation is a mapping sj: Dj ´ Dj ® [0,1] such that for x,y Î Dj :
sj(x,x) = 1 (reflexivity)
sj(x,y) = sj(y,x) (simmetry).
In this way, the above-mentioned model becomes special case of model based on possibility
distribution. An example of this model is presented with tuple:
T2: (John, New Belgrade, {0.7/22,1/25,
0.8/28}, excellent, {low, medium}),
3.2. GEFRED
In the previous years, some authors [2,9-12, 2022] have dealt with the issue of introducing imprecision and uncertainty information in relational databases. This leads us to the database systems which
lie within the scope of artificial intelligence, because
Volume 7 / Number 4 / 2012
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Table 1. Fuzzy relational database model GEFRED
Name
Mark
Alex
Nes
Smith
Volter
Greg
Mad

Address
Boulevard Revolution
Medakovic
Karaburma
New Belgrade
Cerak
Rakovica
Zarkovo

Age
31
Middl
Young
Old
Young
About 28
Bet.30 and 35

they enable to manage information which are very
similar to natural language. Codd introduced the
relational database organization that is based on relational theory. Zadeh’s fuzzy set theory is a generalization of the basic theory, while the fuzzy relation
concept is generalization of the relational theory.
In this paper we review a general extension of
the relational database model called GEFRED.
Other models are considered as particular cases
of this model. A group of authors [13] introduced
General Fuzzy Relational Database Model (GEFRED) that incorporates elements of previous
studies into a single model. In this section we introduce the basic elements of a fuzzy extension
of relational model. Let us consider the following
example that desribes the extension of classical relational database model to GEFRED.
GEFRED structure model may be shown as
follows:
RFG Î (DG1,C1) x … x (DGN,Cn),
where DGi is a domain of attributes and Ci “attribute compatibility” which takes a value from
the interval [0,1]. In this fuzzy relational model
attribute compatibility values are not shown, but
in each tuple, attribute value is associated with the
appropriate value Ci

Figure 1. Membership function for the attribute
Age [13]
Volume 7 / Number 4 / 2012

Productivit
Good
Satisfactory
Bad
Excellent
Good
Excellent
Satisfactory

Salary
High
100.000
90.000
Low
Low
125.000
105.000

Figure 2. Membership function for the attribute
Salary [13]
The attributes NAME and ADDRESS contain
crisp information with the primary key attribute
NAME. On the other hand, AGE and SALARY
permit fuzzy information and corresponding
membership functions for linguistic variables in
the relation are shown in the Figures 1 and 2. The
attribute PRODUCTIVITY admits fuzzy information from a discrete domain and we need to define
proximity relation over the elements of its domain.
This is shown in Table 2.
Table 2. Proximity relation over PRODUCTIVITY
S(di,dj)
Bad
Satisfactory
Good
Excellent

Bad Satisfactory Goog Excellent
1
0.85
0.60
0.05
0.85
1
0.70
0.55
0.60
0.70
1
0.8
0.05
0.55
0.80
1

This theoretical model includes all necessary
elements for the definition of fuzzy relational database model (FRDBM). Within this database, we
can examine the relationship between individual
attributes (e.g. Salary and Productivity). We are
able to implement a logical database model knowing functional dependencies. For this reason, in
the next section we give a comprehensive overview of functional dependencies analysis between
data and attributes in relations.
1597
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4. Data dependencies
Integrity constraints play a crucial role in logical database design. Among these limitations, data
dependencies are the most interesting because they
provide a direct possibility for normalization of relational database model. We focus on the normalization based on functional and fuzzy functional
dependencies. Functional dependencies lead to the
relation values of one set of attributes with values of
another set of attributes. Based on different FRDB
models, different approaches have been proposed
for the expression of functional and fuzzy functional dependencies. We can find two types of papers
studying this topic [3]: the first one has focus on
defining the concept of functional and fuzzy functional dependencies and the second group consists
of papers in which data dependencies are applied
for elimination of redundancy, data summarization
and normalization of fuzzy relational databases.
4.1. Functional dependencies
In the regular case, a functional dependency,
denoted by X ® Y, expresses that a function exists between the two sets of attributes X and Y, and
it can be stated as follows: if t and t’ share a common value on X, they also have the same value on
Y, for any pair of tuples t and t’.
Definition 6. Let r be any relation instance on
scheme R(A1, A2, ..., An), U be the universal set of
attributes A1, A2, ... An and both X and Y are subsets
of universal set of attrubutes U={A1, A2, ..., An}, X,
Y Í U. We say that relation r satisfies the functional
dependency X ® Y (reads as ‘’X determines Y’’)
if, for every two tuples t and t’ Í r, t(X) = t’(X)
implies t(Y) = t’(Y).
Previous definition means that whenever the
pairs (x,y1) and (x,y2) are elements of the relation
R [XY] then y1 = y2. This is precisely the condition that distinguishes the function of the relation.
If the functional dependency X ® Y does not exist,
then relation R [X,Y] may contain tuples that have
same values on attribute X, but a different values
on Y. The importance of functional dependencies
is reflected in fact that it helps database designer to
define logical database model and remove some, if
not all, redundancy presented in the relations.
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4.2. Fuzzy functional dependencies
If the functional dependencies are involved to
the fuzzy relation database model, then the previous definition can’t be directly applied in this
model because it is based on the concept of equality. Since there is no clear way to verify when two
imprecise values are equal, definition of functional
dependencies must be extended and generalized.
Extension of functional dependencies using fuzzy
sets has been widely investigated. This extended
version is called fuzzy functional dependency [24,
26-29, 31-34]. There are many different definitions of fuzzy functional dependencies, which are
result of the using fuzzy logic in various ways [2].
In general, when an attribute values are not
only single elements of the domain, but also the
possibility distribution, then the degree of X ®
Y is not necessarily required to be 1 and may be
in the interval [0,1]. How to determine level of
proposition: if t(X) » t’(X) then t(Y) » t’(Y), when
t(X), t’(X), t(Y) and t’(Y) are imprecise information and there are some proximity between them.
Hence, it follows that these issues are related
with problems of fuzzy data closeness, fuzzy implication for IF/THEN proposition and min as
“AND’’ operator. Now, we define fuzzy functional
dependencies as follows.
Definition 7. Let R(A1, A2, ..., An) be a relation scheme on domains D1, D2, ..., Dn with
Dom(Ai) = Di and X, Y are subsets of universal set
of attrubutes U = {A1, A2, ..., An}, X, Y Í U, r is
relation instance of R, r Í П (D1) ´ ... ´ П (Dn),
where П (Di)= {p | p is possibility distribution of
Ai on Di, i = 1, 2, ..., n}.We say that X functionally
determines functionally determines Y with strenght
q

θ, shown as X ® Y, if and only if r Î R:
min I(»(t (X), t‘ (X), »(t (Y), t’(Y) ) ≥ θ, t,t’ Î r.
where θ Î [0,1] = c [0,1] ´ [0,1] ® [0,1] closeness measure and I: [0,1] ´ [0,1] ® [0,1] is operator of fuzzy implication.
According that, functinal dependencies are defined with implication operator I as follows:
I c , i f t ( X ) =t ' ( X ) then t ( Y ) =t ' ( Y )
I= 
'
'
I f , i f t ( X ) » t ( X ) then t ( Y ) »t ( Y )
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where Ic is the classical implication operator
and If is fuzzy implication operator.
This definition gives a general form of fuzzy
functional dependencies, which are kind of semantic knowledge about the relationship between
attribute values. If t(X) is similar to t’(X), t(Y) is
also similar to t’(Y). The similarity between Y values is greater or equal to the similarity between X
values. Thus, the definition of FD is modified and
extended to handle imprecise values.
4.3. Inference rules for functional
dependencies
An important concept related to data dependencies is the presence of inference rules. In classical
relational model, there are a set of rules which tell
database designer other dependencies which are
logical concequence of the given dependencies.
These rules are known as Armstrong’s axioms,
which are used to generate and extend set of FDs.
Now, we give inference rules [12,34]. Let X, Y, Z
and W be set of attributes.
IR1: If Y Í X then X ® Y.
IR2: If X ® Y holds then XZ ® YZ holds.
IR3: If X ® Y and Y ® Z hold, it also satisfies
X ® Z.
We can state additional inference rules for the
fuzzy functional dependencies (FFDs). In this
way, three previous given Armstrong’s axioms are
extended for fuzzy functional dependencies [34]:
b

a

IR1: Union rule for FFDs: {X ® Y and X ®
l

Z} ½= X ® YZ, λ = min(a,β).
a

IR2: Pseudotransitivity rule for FFDs: {X ®
b

l

Y and WY ® Z} ½= XW ® Z, λ = min(a,β).
a

ory is applied to provide theoretical guideline for
logical design of databases. Functional dependencies have a crucial role in logical database design
and for this reason, in this paper, we focus on different models in functional dependency analysis
and identification. The goal of this research relates
to discovering new dependencies and information
extraction which is further to be used in different
knowledge based systems [30]. We have considered
the possibility of using these models and approaches in the future development of own methods for
FFDs identification. Note that data dependencies
can be applied in data handling like data compression, redundancy elimination, approximate data
querying etc. Among different proposed models,
there are some papers which are of more interest.
Table 3. Fuzzy functional dependencies in fuzzy
relational models
Concept
Similarity-based definition
Proximity-based definiton
Possibility distribution based
Conformance-based definition
Semantic distance based defintion

References
[33,38]
[16,17,37,39]
[31]
[34]
[15,25,32]

For Fuzzy Relational Database Models functional dependencies and normal forms are extended and generalized [36]. As a result of that, we
have fuzzy functional dependencies, q-keys, fuzzy
first normal form, q-fuzzy second normal form, qfuzzy third normal form and q-fuzzy Boyce-Codd
normal form.
Several approaches have been proposed in different database models. Some concepts are based
on similarity relation, another on proximity relation.
The similarity-based model is extended into concept of conformance. Proximity-based model can
be further extended into semantic distance model.

IR3: Decomposition rule for FFDs: If X ® Y
a

holds and Z Í Y then X ® Z holds.
These rules are sound and complete.
5. Overview of fuzzy functional dependency
models
To solve the problems of data redundancies and
update anomalies that exist in relational and fuzzy
relational database models, the normalization theVolume 7 / Number 4 / 2012

5.1. Fuzzy functional dependencies in Raju
and Majumdar’s model
A fuzzy relational model of Raju and Majumdar [16] allows tuples to take atomic (crisp) values, but also fuzzy values. Depending on the domain complexity, there are two fuzzy relations. In
the first type, domain can be a classic or fuzzy set.
The second type ensures that attribute may be a
classic set, fuzzy set (possibility distribution) or
1599
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fuzzy subset. Each fuzzy relation in this model
represented with table has an additional column
which determines belonging of tuples to an appropriate relation. Fuzzy functional dependency is
generalized as follows.
Definition 8. A fuzzy functional dependency X
q

® Y, X, Y Í R holds in fuzzy relation r over R if
for all tuples t 1 and t2 in r ( mr (ti) > 0 , i = 1,2), it
is satisfied:
mEQ(t1[X], t2[X]) ≤ mEQ(t1[Y], t2[Y])
where the Equal (EQ) is fuzzy closeness relation
on universal set U which is defined as the subset on
U ´ U and mEQ is membership function characterized
with following conditions: for all a, b Î U, mEQ(a,a)
= 1 (reflexive) and mEQ (a,b) =mEQ(b,a) (symmetric).
5.2. Fuzzy functional dependencies in Saxena
and Tyagi’s model
In this model [31] the attribute value is represented by a possibility distribution on domain Ai
∪ {e}, where e is extra element which stands for
the case when the attribute is not applicable for
a given object. Extra element e is used in Prade
and Testemale model in situation when attribute
values is unknown, but aplicable or value does not
make sense or nothing is known about it. To be
able to work with incomplete information, they
define fuzzy relation as follows. Fuzzy relation r
over R = (A1, ..., An) is defined as a fuzzy subset
of Cartesian product 2A1 ´ 2A2 ´ ... ´ 2 An = 2 R
characterized by the membership function mr: 2 R
® [0,1]. For every a Î 2 Ai membership functions
satisfies condition ma (e) = 0 or ma (e) = 1 depending on values on A (allowed or impossible).
Each tuple over r, tr = (a1,...,an) where a Î 2 Ai ,
i = 1,2,...,n over in r can be seen as a possibility
distribution on D = (dom A1 ∪ {e}) ´ ... ´ (dom
An ∪ {e}) as:
Poss(t[A1] = u1, ..., t[An] = un ) = min {mr(t), ma1
(u1), ..., man (un)},
where ui Î Ai ∪ {e}, i = 1...n.
Definition 9. A fuzzy functional dependency
q

X ® Y with X, Y Í R holds in extended fuzzy
relation r over R if for tuples t 1 and t2 in r mr
1600

(t1)> 0 , mr(t2) > 0 satisfying mEQ(t1[X],t2[X])> 0
t1[Y]= t2[Y] = Ø or there exist a nonempty set Y’
Í Y such that t1[A] ¹ Ø ¹ t2[A] for each AÎY’:
mEQ(t1[X], t2[X]) ≤ mEQ(t1[Y’], t2[Y’]).
5.3. Fuzzy functional dependencies in Wei-Yi
Liu’s model
In this paper is given concept of semantic distance SD (f1, f2) between two fuzzy values f1 and f2
of attributes while the fuzzy functional dependencies are defined by semantic proximity – degree
of closeness between two fuzzy values [15,25,32].
It is based on the concept on the interval number
description denoted by SD (f1, f2), 0≤ SD (f1, f2) ≤1.
Semantic distance (closeness) is calculated as
follows:
SD (f1, f2)=||f1 ∩ f2||/||f1 ∪ f2|| - ||f1 ∩ f2||/a
where ||h||:
0,
δ

| h| =
| b - a |
a

h¹0
h =[a ,a ]
h = [ a ,b ]
h=∞

a is a coefficinet such that a ≥ ||f1 ∪ f2||, δ is a
small number i.e. δ = a/10.000.
If t1= (x11, x12, ..., x1n) and t2= (x21, x22,...,x2n) two
tupes in r, the the semantic distance between them
is calculated as SD (t1, t2) = min{SD (x1i, x2i)}.
Definition 10. Let r be fuzzy reletion on
R(A1,...,An) and U universal set of attributes
A1,...,An with X, Y Í U. We say that r satisfies
q

fuzzy functional dependencies X ® Y if for every
pair of tuples t1 i t2 hold:
SD (t1[X], t2[X]) ≤ SD (t1[Y], t2[Y]).
5.4. Fuzzy functional dependencies in
Dubois and Prade’s model
Dubois and Prade [17, 37] introduce fuzzy functional dependencies in the following way. If the
values for attribute A in tuples t and t‘ are equal,
Volume 7 / Number 4 / 2012
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the values for attribute B shouldn’t be far away
form each other. This idea is modeled with fuzzy
closeness relation mp defined on domain of attribute
B (which is is reflexive d, mp(d,d)=1 and symmetric d,d’ mp(d,d’) = mp(d’,d)). If t(A)=t’(A) then
mB (t(B),t’(B)) > θ where θ is a given threshold/
strenght.
5.5. Fuzzy functional dependencies in Shenoi
and Melton’s model
Shenoi and Melton’s [33, 38] strategy for the
expression of fuzzy functional dependencies is
based on the idea of gathering the elements of the
same domain into clusters that do not differ with a
ceratin level of precision.
Definition 11. Let t and t’ be two tuples. Components of the tk and t’k are ak – redundant labeled
tk ≈ak t’k when tk and t’k are elements of the same
cluster for temporal domain Dk.
Fuzzy functional dependency holds that whenever there is redundancy with a certain level of
precision on the left side of attributes, then there is
redundancy on the right side of the corresponding
attribute, with a certain level of precision.
5.6. Fuzzy functional dependencies in Sözat
and Yazici’s model
One of the most fundamental definition of
fuzzy functional dependencies is given in Sözat
and Yazici’s model [34]. First, they introduced a
new defintion for conformance of tuples where
conformance is a degree of similarity for two tuples in a given attribute. Then the formal definition
of FFDs is based on the concept of conformance
between tuples.
Definition 12. The conformance of attribute
Ak defined on domain Dk for any two tuples ti and
tj presented in relation instance r and denoted by
C(Ak [ti, tj]) is given as:

where di is the value of attribute Ak for tuple ti,
dj is the value of attribute Ak for tuple tj, s(x, y) is a
similarity relation for values x and y. The conforVolume 7 / Number 4 / 2012

mance of attribute set X for any tuples ti and tj in
relation instance r is given as:
C(X[ti, tj]) = min {C(Ak[ti, tj])}
Ak Î X

Definition 13. Let r be fuzzy relation on scheme
R(A1, ..., An) and U universal set of attributes A1,
..., An and both X, Y be subsets of U. Fuzzy relation r is said to satisfy the fuzzy functional depenq

dency X ® Y (reads X determines Y with linguisF
tic strenght θ) if for every tuples ti and tj in r:
C (Y[ti, tj]) ³ min (θ, C(X[ti, tj]))
where θ is real number within the range [0, 1]
describing the linguistic strength. When θ=1, FFD
becomes FD, denoted as X ® Y
5.7. Fuzzy approximate dependencies and
decomposition
In the analysis of data dependencies in relational databases, a very interesting issue is detection
and identification of possible relations between
attributes. Berzal, Blanco et al. [37] proposed algorithm for computing functional dependencies
called fuzzy approximate dependencies. To assess the dependencies they apply some measures
(probability) of interest and accuracy like support
S (X ® Y) and confidence Conf (X ® Y) .
Medina and Cubero [40] use functional dependencies for a process of decomposition which allows eliminating redundancy. In this way, we have
reduced some redundancy merging several tuples
into single one. The main idea is to tolerate some
imprecision while respecting discovered functional
and fuzzy functional dependencies. Previous models are used for identification of these dependencies.
6. Applications involving functional
dependencies analysis
There is a number of active research areas that
directly involve and use concept of functional dependencies. This issue is very important in many
real-world applications and databases like data
mining and OLAP technics, GIS/spatial data representations, information retrieval, statistical da1601
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tabases, approximate reasoning, business records
and registers etc. Also, this topis is related to data
selection and analysis. The importance of data
mining and OLAP techniques is emphasized for
decision-making support [41].
The most important topic of database research
is logical modeling based on normal and fuzzy
normal forms where functional dependencies
have crucial role. Creating a new logical database
model, functional dependencies lead directly to
reduction of a number of attributes. In this way,
we reduce the amount of data that will be collected
and memory space required for storing. From this
perspective, functional and fuzzy functional dependencies allow us to get well structured data in
a database and we can combine modified logical
database with information retrieval. Discovering
functional dependencies can be determined redundancy or high level similarity between data. Not
only the number of attributes but also the number of tuples (data summarizations) are reduced
when applay this theory. Attribute generalization
and data summarizations have been an important
aspects of summarizing the content of a database.
In the case of fuzzy functional dependencies,
the most important question is how strong should
be attributes dependence that we do not collect
data for them or when gathering data for dependent attributes make sense. These dependencies
should be carefully used for attributes reduction in
the relations. The identification of fuzzy functional dependencies is particularly important in data
mining and information extraction techniques. For
example, whether most of the entities with property A have property B? A and B can be linguistic
variables or fuzzy numbers. So, this can be interpreted that the tuples in the database that satisfy
the condition A (‘’high salary’’) also are likely to
satisfy B (‘’big experience’’). Generating association rules have been considered from many point
of view and one of them is identification of fuzzy
functional dependencies based on different algorithms proposed by a number of researchers.
Identification of fuzzy functional dependencies
has been recognized particularly in a decisionmaking systems giving decision-makers the ability to evaluate good decisions. In this way, managers use only the required and necessary information and reduce business risk. This is particulary
1602

significant for organizations where a huge data are
gathering and implementation of information systems enhence business performance [35].
Modern research includes these issues involving imprecision and functional dependencies
techniques to extract information, merge retrieval
results, detect similarity, eliminate redundancy,
filter information etc. It seems that functional
dependencies could help to improve existing approaches and improve results. For this reason, it
is necessary to have an efficient algorithm to identify functional and fuzzy functional dependencies,
which is issue for for future investigation.
7. Conclusion
Incorporation of fuzzy information in different
database models is an important research topic because such data exist in real world applications.
There are many active research areas that directly
involve or use these knowledge bases, such as
geographic information systems (GIS) and spatial data representation, data mining systems, information retrieval, statistical databases, business
decision-making systems.
In this paper we presented different approaches
of functional dependencies applying to fuzzy relational database models. This data dependence
plays a crucial role in the relational database logical design and modeling. Various fuzzy models
based on dependencies have been proposed during the last two decades and a significant number
of papers and authors have dealt with this issue.
Generally, there are several frameworks for defining functional and fuzzy functional dependencies
which are more or less based on the similarity and
proximity relations between elements on a given
domain. For all of them there are appropriate inference rules, which show that from given set of
dependencies (functional or fuzzy functional) logically follow some other dependencies too. These
rules are based on Armstrong’s axioms for classical dependencies. A set of inference rules must be
sound and complete.
However, it was observed that the test procedure for functional dependencies identification
and logical consequences is a difficult task. Practically, there is no efficient algorithm that would
enable us to easily identify the dependencies beVolume 7 / Number 4 / 2012
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tween given set of attributes and apply the normalization theory. A further study involves fuzzy logic
for defining framework that will enable some easy
identification and discovering the functional dependencies. This will help to make logical design
of huge databases with numerous attributes and to
eliminate redundancy and data anomalies.
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Time series data mining: similarity search and
its application to the stock indices in the region
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Abstract
Data mining is a process of discovering potentially useful patterns, associations, trends, sequences and dependencies in data. In recent years,
in data mining community, there has been a significant increase of attention and a shift of focus
to mining of temporal data and application of data
mining methods in the analysis of time series. An
important aspect of mining time series data refers
to the identification of similar time series, stored
in databases and data warehouses. Accordingly,
in this Paper, the problem of similarity search in
function of finding and revealing the hidden patterns in time series, is presented. In addition, the
empirical results regarding the similarity search
of financial time series (daily indices of stock exchanges in this region), are also presented.
Key words: data mining, financial time series,
similarity search, Euclidean distance
1. Introduction
The most significant change in the human intellectual history, and thus in the world of modern
economy, refers to the role of knowledge, which
is becoming the key economic resource. The new,
knowledge-based economy requires flexible market participants, who promptly react to changes
and trends in internal and external environment. In
general, in the information age, knowledge management, through the application of the concept of
business intelligence, significantly contributes to
easier solving of management problems and making quality business decisions.
As a result of numerous everyday activities of organizational entities, huge amounts of data, which,
in terms of business decision–making, hide useful
and valuable information, are created and collected.
However, data itself do not have, by default, high
value and usefulness in decision–making process.
The overall usefulness of the data critically depends
Volume 7 / Number 4 / 2012

upon the degree of their utilization in function of
extraction of high quality information and knowledge from large collections of “raw” data to make
business decisions. The essential component of a
wider, interactive and iterative process of knowledge discovery from data is data mining. Data mining, often also referred to as “knowledge discovery
in databases”, can be defined as “the discovery of
interesting, unexpected, or valuable structures in
large data sets”, [Hand, 1999, p.433].
Through application of data mining methods in
business and research a number of problems regarding temporal aspect are being successfully solved.
Since time series are the most common form of
presenting the temporal data, the application of data
mining methods in their analysis led to the development of a concept known as time series data mining (TSDM). Within the TSDM framework, very
popular research area, not only in terms of scientific
work but also in terms of business application is
similarity search of time series data stored in large
databases and data warehouses.
Accordingly, a detailed description of theoretical postulates, ideas, and principles which underlie the similarity search in function of extraction of
the relevant information (knowledge) from time
series, will be presented in this Paper. The practical importance of this innovative research method
will be confirmed through the presentation of the
results of conducted empirical research. The main
aim of this research is, based on the financial time
series of movements of stock indices, to identify,
in a group of selected stock exchanges, those stock
exchanges that are characterized by the most similar patterns of behavior (tendency). Consequently,
with the Introduction as Section 1, the rest of the
Paper is organized as follows. Section 2, consists
of a brief overview of the basic determinations
of TSDM concept (subsection 2.1.), description
of the TSDM primary tasks (subsection 2.2.), and
the review of the referent literature (subsection
1605
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2.3). Section 3, contains discussions concerning
the basic idea and importance of similarity search
(subsection 3.1.), variety and properties of similarity measures (subsection 3.2.), along with the
emphasis on the Euclidean distance as the most
commonly used measure (subsection 3.3.). Experimental results for the observed financial time series dataset are presented in Section 4. Finally, the
conclusions of this Paper, along with the notation
about possible directions of authors’ future work
in this research area, are presented in Section 5.
2. Time series data mining – background
In the modern information society, a large portion of scientific and business data, which hide
useful and valuable information, is stored on
computers in the form of time series. Therefore,
in recent years, there has been a growing interest
of data mining researchers for mining of temporal data and connection of data mining techniques
with the analysis of time series datasets.
2.1. Time series data mining – concept,
terminology and notation
Adaptive and innovative application of principles and techniques of classic data mining in the
analysis of time series, consequently, resulted in
the development of a new concept, called Time
Series Data Mining (TSDM), and the application
of entire range of specific algorithmic methods
for identification of complex features, extensive
analysis and forecasting of non-periodic, non-linear, irregular, and chaotic time series. In addition,
the focus of time series data miners is not only
the analysis and/or determination of the statistical characteristics of time series data, but also the
effective and efficient discovery of hidden, unexpected, and potentially useful rules and patterns
from massive time series datasets.
The essential difference between classic and
TSDM approach to the analysis of time series primarily refers to a huge amount of data, which is
a result of IT revolution and its implications on
literally every area of life and business, and with
which time series data miners routinely encounter [1]. In fact, automated modeling is the integral
part of every mining process in temporal data. In
1606

general, crucial aspects of mining time series data
focus on the goal of extraction of patterns and
rules that are present in time series.
Conceptually, time series is defined as a set of
real values of the observed variable that are arranged by chronological order in successive time
periods. In the context of the discussion that follows, it is useful to define the time series as a sequence of time dependent values of the observed
variable. Symbolically, the time series, as a set of
n pairs of data (data points) can be presented as
follows: Q = {(q1, t1), (q2, t2), . . . ,(qn, tn)}, where,
(for i = 1,2,...,n), qi - value of observed variable,
ti - time, (qi, ti) - pair of data or data point. Consecutive parts (pieces) of time series, which are,
in a way, time series in themselves, are called segments of time series, where each segment is composed of a certain number of pairs of data. On the
other hand, a large collection of time series constitutes a time series database. For example, daily
stock prices movements can be used to describe
the fluctuations in the stock market. In this context (see, Figure 1), depending on the level of aggregation, time series data is a sequence of daily
stock prices of a single company in one year. A
segment consists of prices of the observed stock,
achieved on trading days within one week. A time
series database contains time series of prices of all
stocks traded in the particular stock market during
the observed period.

Figure 1. Relationships between time series database, time series and a segment of time series
[Source: authors’ representation]

2.2. TSDM – primary tasks
In the recent research, [15], [17], [19], [25], related to the analysis of time series based on the
application of the TSDM methodology, the following, primary tasks of such analysis, are emphaVolume 7 / Number 4 / 2012
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sized: similarity search, anomaly detection, segmentation, clustering, classification, and forecasting. Brief description, of the listed primary tasks
that are the subject of interest and great attention
of time series data mining researchers, can be presented as follows:
Similarity search: By using some similarity /
dissimilarity measure, find the most similar subsequences in time series or time series in a large database to a given query subsequence or time series.
Anomaly detection: Find those parts of time series that contain a different behavior pattern than
the expected, “normal” behavior pattern, i.e. those
parts which contain anomalies or “surprising” /
“interesting” / “unexpected” occurrences.
Segmentation: In order to reduce dimensionality divide a time series (comprised of n data
points) into appropriate, internally homogenous
parts (pieces), in such a way that the number of
parts, k, is considerably smaller than the number
of data points, n.
Clustering: In time series database, find natural groupings of the time series, where the time
series within the same group are similar to each
other while the time series that belong to different
groups differ from each other.
Classification: Assign each new time series,
according to its features, into one of two or more
predefined classes.
Forecasting: On the basis of a given time series, containing n data points, determine its future
value at time n+1.
Most of these tasks involve the search for similar patterns of behavior hidden in the massive
amounts of raw data, through following steps:
representation of time series in a form, suitable
for further analysis; definition of (dis)similarity
measure between observed time series; and application of adequate TSDM method, according
to the specific nature of the particular data mining problem, [3]. In order to achieve and provide
sophisticated results of conducted data mining applications in solving the real problems, usually,
it is necessary to use and rely on various mutual
combinations of, not only primary, but all other
tasks from a large TSDM framework.

Volume 7 / Number 4 / 2012

2.3. TSDM – a literature review
Analysis of time series in the context of data
mining, as a relatively new research area, is subject to constant changes. Increased interest has
led to the publication of a considerable number of
scientific and research papers, in which the issues
concerning application of data mining in datasets
of time series are considered and discussed from
different viewpoints.
The basic characteristics of the TSDM concept
are presented in [3], [10], [15], [16], [17], [19],
[25], [27]. Categorization, fundamental determinations, specificities and limitations in particular
applications of essentially and methodologically
linked tasks of the TSDM, are described in detail,
and presented in [4], [6], [17], [21], [22], [25].
In an attempt to popularize the valid application
of TSDM analysis in solving real problems, Keogh
and Kasetty [15], indicate the presence of certain
flaws in empirical evaluation of approaches and
methods for realization of various TSDM tasks
that are proposed in published works. In addition,
they emphasize that flaws not only negatively affect the objectivity of empirical evaluations, but
also reduce general usefulness of these papers.
Making the distinction between the implementation bias and data bias, Keogh and Kasetty suggest
the necessity of more careful and detailed benchmark analysis of the real time series, so that the
formulated conclusions and results of the analysis
could be generalized.
Especially active and attractive research area in
time series data analysis is a similarity search. The
work on time series similarity search began with
the papers written by Agrawal et al. (1993; 1995),
and Faloutsos et al. (1994). After this initial work,
a series of papers with novel approaches for similarity search in time series databases has followed.
Most of those approaches are based on dimensionality reduction. Most frequently used techniques
for dimensionality reduction on time series data
are: Discrete Fourier Transform (DFT), [1], Discrete Wavelet Transform (DWT), [5], Singular
Value Decomposition (SVD), [14], and Piecewise
Aggregate Approximation (PAA), [29].
Since most of approaches developed so far for
similarity search of time series, are based on the
reduction of dimensionality, many authors have
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proposed, examined and discussed different (dis)
similarity measures, (e.g., [3], [7], [25], [30]). Detailed descriptions of different types of similarity
(proximity) queries are presented in [1], [2], [9],
[13], [18], along with the suggestion that it is necessary to make a distinction between two basic
types of similarity search: whole matching and
subsequence matching. Practical importance and
application of the idea of similarity search in the
analysis of (especially financial) time series is discussed in [8], [20], [26].

nition and determination of an adequate similarity
function, Sim (Q, C), or equivalently, a distance
function Dist (Q, C). In addition, two time series
are considered similar if they have a similar shape,
i.e. a similar pattern of behavior. In this manner,
Agrawal et al. [2] point out that two time series are
similar when they have enough, non-overlapping,
time–ordered pairs of subsequences that are similar.

3. Time series similarity search
Similarity search is of fundamental importance
for effective and successful realization of various
goals in time series data analysis. In general, similarity search provides two essential benefits for data
mining researches in managing time series data: (a)
as a tool for exploring time series databases, similarity search enables retrieval of time series with
similar patterns over time, (b) as a supporting activity and subroutine in many applications similarity
search enables realization of other TSDM tasks. In
this context, numerous techniques and measures for
quantification of (dis)similarity between different
time series have been developed.
3.1. Similarity search–concept and types
The probability that two time series, during the
same period will have exactly the same values is
very small. As a consequence, the search for identical time series is practically useless. Therefore, well
conducted similarity search is gaining importance.
In the context of, for example, economic researches,
queries, which are used to identify the similarity of
time series, should provide the following: identification of companies with similar tendencies in the
movement of key indicators of growth, identification of products with similar sales trends (in terms
of quantity and / or value), identification of stocks
with similar price movements, etc.
Most of similarity search approaches, proposed
so far, refer to the identification and exploration of
similarity based on the shape (shape–based similarity). In general, similarity problem can be interpreted as follows: for a given two time series, Q and
C, examination of their similarity includes the defi1608

Figure 2. Basic idea of the similarity search concept
[Source: authors’ representation (adapted from [28])]

Figure 2 illustrates the basic idea of the concept
of similarity search, [24]. Visually, there is a large
distance between the presented time series (Figure
2a), which is primarily a result of their different values on the y-axis, and shifts (displacement) along
the x-axis (time-axis), rather than of real differences
in the shape of the observed curves. Therefore, before similarity analysis and calculation of specific
similarity measure, it is necessary to conduct the
process of standardization and eliminate the impact
of (potentially) present distortions through vertical
and horizontal shifting of the observed time series
along the ordinate and abscissa, respectively. In
other words, the process of transformation (standardization) solves the well–known scaling problems (amplitude scaling and time scaling), (Figure
2b, 2c). This procedure, brings the observed time
series to the same baseline, allowing researcher to
discover (quantify and perceive) the real, true, level
of similarity between them.
Similarity search can be performed using either complete (whole matching) or partial (subsequence matching) matching of time series, [18].
In the first case, it is assumed that all time series
that are subject of comparison (candidate time seVolume 7 / Number 4 / 2012

technics technologies education management

ries or target sequences) are the same length as
the time series with which the comparison is performed (query time series or user’s sequence). In
addition, query time series is paired (compared)
with each time series in the database, in order to
identify and retrieve those candidate time series
that are most similar to it. Subsequence matching is used when the query time series is smaller
(has less data points) than the time series that are
the subject of comparison. In other words, given
a query time series, Q, and longer time series, C,
the goal is to identify those parts (subsequences)
in the time series C, which are the most similar
(which best fit) to the smaller, query time series Q.
In the context of similarity, key activity in time
series database similarity searching is processing of
time series similarity queries. There are three basic
types of similarity queries [18], (see, Figure 3):
–– Similarity range query – given a query time
series, Q, and some user-specified distance
e, this query retrieves all time series (from
a database of candidates) whose distance
from Q is equal or less than the distance e.
–– Similarity k nearest–neighbor query –
given a query time series, Q, and some
integer value k, this query retrieves, from
a time series database that contains m time
series, the k number of time series that are
the closest to query sequence Q, where
logically, k < m.
–– Similarity join query – given two time
series databases, V, and W, and some userspecified distance e, this query retrieves
all pairs of time series (v, w), such that the
distance between v and w is equal or less
than the user-specified distance e, where
v Î V , and w Î W .

Figure 3. Similarity search queries

[Source: authors’ representation (adapted from [30])]

Volume 7 / Number 4 / 2012

3.2. Similarity measures – properties
Similarity search, as a complex task, is based
on similarity measures. The selection of specific
methodological basis and adequate (dis)similarity
measure is performed according to the characteristics of time series which are the subject of comparison (the length of time series, the presence of
outliers or noise, data miner’s prior knowledge
about the structure of time series data, etc.). In
general, the selection of a specific distance function is under the authority of domain experts.
In most cases, similarity measures (also known
as distance measures or proximity measures) represent a way to quantify the proximity (i.e. distance)
between the observed time series (in mathematical
notion – objects). The distance is defined in such
a way that, for the time series that are similar the
measure that quantifies the distance tends to zero,
and vice versa. Each defined similarity measure
must have the following characteristics [12], [30]:
–– non-negativity – distance must be nonnegative number: Dist (Q, C) ≥ 0;
–– symmetry – distance must be symmetric:
Dist (Q, C) = Dist (C, Q);
–– identity – distance from the object itself
must be zero: Dist (Q, Q) = 0;
–– triangle inequality – direct distance between
the object Q and object C must not exceed
the distance between the object Q and object
C over the object Z: Dist (Q, C) ≤ Dist (Q,
Z) + Dist (Z, C), where Q, C and Z are the
objects (i.e. time series) which contain n
data points.
So far, various measures have been proposed
for measuring similarity among time series (for
details, see [25], [30]). For numeric datasets, similarity search is performed using measures based
on the comparison of (a) the ith point of one time
series to the ith point of another time series (point–
to–point similarity), (b) one-to-many points, and
(c) one-to-many / one-to-none points. According
to the above presented categorization, the most
straightforward similarity measures are the Euclidean distance (and its variants, based on the common Lp-norms), Dynamic Time Warping (DTW),
and Longest Common Subsequence (LCSS), respectively. Generally, almost 80% of the published
1609
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scientific-research papers related to the similarity
search are based on the use of Euclidean distance,
[20]. Therefore, the attention will be focused on
the key characteristics of this measure.
3.3. Euclidean distance
Euclidean distance belongs to the family of
measures known as the Minkowski distances, or
Lp–norms [8], [14], [29], [30]. For given two time
series, Q and C, of length n, these measures are
defined as follows:
=
Lp

p

n

p
∑ qi − ci , ......................... (1)

i =1

where Q = (q1, q2,...,qn), C = (c1, c2,...,cn), and
p – a numeric parameter.
In the case, p = 1, Lp–norm is called the CityBlock or the Manhattan distance (L1–norm), and
Euclidean distance (L2–norm), when p = 2. In the
extreme case, when p = ∞ it is called the maximum
distance (L∞–norm).
For any two points in 2–dimensional space,
q=(x1, y1), and c = (x2, y2), Euclidean distance is
defined as follows:

(x1 − x2 )2 + ( y1 − y2 )2

E u c Dist =

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

For given two time series, Q and C, of equal
length n, nq = nc, Euclidean distance is defined by
the following equation:

(q1 − c1 )2 + (q2 − c2 )2 + ... + (qn − cn )2

L 2 = E u c Dist =
=

n

∑ (q
i =1

i

− ci )

2

........................................ (3)
In order to perform the comparison of the time
series with different characteristics, this similarity
measure is usually calculated after transformation
of raw data through the process of Z-standardization [Z: N (0, 1)]. Original time series C and Q
are substituted by their transformed, standardized
forms, C’ and Q’, respectively:
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q − XQ
c i− X C
, and q i' = i
, ............ (4)
SQ
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where X C and X Q are means, while S C and
S Q represent standard deviations of time series C
and Q, respectively.
For identical time series, Euclidean distance is
equal to zero. Difficulties in its determination for
time series of unequal length, and susceptibility to
influence of extreme values and presence of noise
in data are emphasized in academic publications
as primary drawbacks of Euclidean distance. Generally, the area of similarity searching is an inexhaustible source of scientific and research ideas
whose realization leads to definition of new similarity measures as well as modifications of existing
ones, which eventually contributes to the elimination of, in particular cases, identified drawbacks.

4. Application of similarity search to the
stock indices in the region
It is well known that time series are ubiquitous.
Much of scientific and business data, stored on
computers, are in the form of time series. Some
typical examples include business and economic
data, biomedical data, meteorological (climate)
data, etc. One of the key application fields of data
mining methods in the analysis of time series refers to the financial time series data. In this context,
through similarity search, the analysis of stock datasets, and movements of stock indices, as basic
indicators of the current state and development of
particular financial market, and the economy as a
whole, is performed.
4.1. Properties of stock indices time series
dataset
Modern market economies are highly monetized
economies in which, operations with money and
various securities represent dominant business activities. Therefore, a stock exchange, as one of the
most important components of the financial market,
is an inseparable part of market economy in general.
In this context, stock indices, which are the result of
actual (realized) stock transactions, reflect the true
relations that prevail in the stock exchange, and repVolume 7 / Number 4 / 2012

technics technologies education management

resent useful indicators of the current state of economy, i.e., indicators of the economic stability.
Generally, movement of stock indices as indicators of stock price movements should answer
the basic question: What happens in the financial
market? Consequently, through analysis of stock
market indices, including other key economic indicators, analysts can identify not only the relations between different indices and economic sectors within the particular economy, but also the
relations that exist on regional or global level.
Therefore, according to the afore mentioned and
including the goal defined in Section 1, for purposes of empirical study in this Paper, daily data on
movement of indices values of major stock markets
in this region were used, for the period of twelve
months (from June 22, 2010 until June 22, 2011),
which amounts to 245 trading days for each of the
eleven observed stock markets (see, Table 1).

Figure 4. Various shapes of the observed regional stock indices time series data
[Source: authors’ representation]

Variability, present in the movement of regional
stock exchange indices time series data and manifested in different shapes of the curves, is illustrated in Figure 4. This visual representation does not

allow accurate and objective identification of the
markets with most similar tendencies (patterns)
in the movement of the observed stock indices.
Hence, in order to identify (dis)similarity in their
movement, similarity search was conducted on the
observed stock indices time series data through the
stages, whose description follows. Empirical approach is based on the fact that the most commonly used similarity measure is Euclidean distance
and on the postulate that “without normalization,
time series similarity has essentially no meaning”.
4.2. Empirical results
Based on the collected data on the movement of
stock indices presented in Table 1, in the first stage of
research, a graphical representation of the observed
(original) time series was made (see, Figure 5).

Figure 5. Original stock indices time series dataset
[Source of data: www.belex.rs]

Starting from the fact, that stock indices differ
in terms of calculation methodology, as well as
units in which they are expressed, within the sec-

Table 1. Regional stock exchanges and stock indices used in the empirical study
Stock Exchange
Belgrade Stock Exchange
Montenegro Stock Exchange
Zagreb Stock Exchange
Ljubljana Stock Exchange
Macedonian Stock Exchange
Banja Luka Stock Exchange
Sarajevo Stock Exchange
Bosnian Traded Index
Bulgarian Stock Exchange
Budapest Stock Exchange
Central European Blue Chip Index
Volume 7 / Number 4 / 2012

Name of the Index
BELEX-15
MONEX-20
CROBEX-10
SBITOP
MBI-10
BIRS
SASX-10
BATX-EUR
SOFIX
BUX
CETOP-20

Symbols used in empirical study
SE-01
SE-02
SE-03
SE-04
SE-05
SE-06
SE-07
SE-08
SE-09
SE-10
SE-11
1611
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ond stage, the z-transformation of the original time
series was conducted. In this way, the elimination
of perceived, vertical distortions (on the y-axis)
of original data was performed. The standardized
forms of time series are presented in Figure 6.
Using the transformed data, in the third stage,
cross-matching of standardized time series was performed, and for each pair of time series, Euclidean
distance was calculated. Since each of the observed
time series was used as a query sequence, a total of
55 distance values were obtained. These values are
summarized in Table 2, in the form of a dissimilarity matrix. Within the fourth stage, based on the
empirical results, the key patterns characteristic for
each of the query time series used in comparison
with other time series were identified.

EUR (capitalization-weighted price index made
up of the most liquid and highest capitalized stocks
traded at the Sarajevo stock exchange and the Banja
Luka stock exchange), as a stock exchange indicator in the territory of Bosnia and Herzegovina, the
smallest Euclidean distance belongs to the pair of
time series BELEX-15 and MBI-10; The highest
Euclidean distance (EucDist=27.63), which indicates the least similar tendency, refers to the pair
of time series SBITOP and SOFIX; Movement of
the index BELEX-15 (taken as query) is the most
similar (least different) to the movement of the index MBI-10 and CROBEX-10; Movement of the
index BELEX-15 (taken as query) is the least similar (most different) to the movement of the index
SBITOP and MONEX-20.
5. Conclusions and future work

Figure 6. Final pre-processed time series dataset
In addition, a number of regularities were detected (perceived), and some of them can be presented as follows: The smallest Euclidean distance
(EucDist = 5.75), which indicates the most similar
tendency, refers to the pair of time series SASX-10
and BATX-EUR. If we observe only the BATX-

The analysis of time series represents a continuously active and attractive research area. In
addition, knowledge discovery in large datasets of
time series through identification of interpretable,
novel, and useful, but hidden, temporal patterns,
is practically not possible without the application
of data mining methodology. The application of
data mining methods led to the development of a
whole range of new approaches in the analysis of
time series. The area of time series data mining,
which attracts an increasing research attention, is
the problem of similarity search, whose essence
lies in the comparison of high dimensional time
series with different characteristics, calculation of
appropriate similarity measure, and identification
of similar temporal patterns.

Table 2. Dissimilarity matrix
Time series pairs
SE-01
SE-02
SE-03
SE-04
SE-05
SE-06
SE-07
SE-08
SE-09
SE-10
SE-11
1612

SE-01
0.00
26.55
6.81
27.21
6.65
7.66
7.35
7.58
10.22
19.12
9.46

SE-02
26.55
0.00
24.64
8.97
25.36
27.31
23.24
24.05
26.87
24.58
26.16

SE-03
6.81
24.64
0.00
26.15
8.75
8.88
6.16
9.01
11.93
19.11
8.50

SE-04
27.21
8.97
26.15
0.00
26.89
27.17
24.40
24.60
27.63
24.98
26.50

SE-05
6.65
25.36
8.75
26.89
0.00
12.20
8.50
7.99
11.35
19.71
13.11

SE-06
7.66
27.31
8.88
27.17
12.20
0.00
10.24
10.60
10.68
17.65
6.57

SE-07
7.35
23.24
6.16
24.40
8.50
10.24
0.00
5.75
11.46
18.89
10.54

SE-08
7.58
24.05
9.01
24.60
7.99
10.60
5.75
0.00
10.60
19.10
12.38

SE-09
10.22
26.87
11.93
27.63
11.35
10.68
11.46
10.60
0.00
15.86
13.29

SE-10
19.12
24.58
19.11
24.98
19.71
17.65
18.89
19.10
15.86
0.00
15.64

SE-11
9.46
26.16
8.50
26.50
13.11
6.57
10.54
12.38
13.29
15.64
0.00
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Accordingly, for the purposes of this Paper, the
whole matching approach for the implementation
of similarity search and comparison of the query
and candidate time sequences, based on the use of
Euclidean distance, calculated on the transformed
data, is applied. In the conducted empirical study,
the pairs of financial time series that share similar
behavior are identified providing insight into the
underlying pattern in the observed financial markets. The identified patterns are helpful in further
analysis of stock exchanges. In our future work,
efforts will be focused on expanding the scope
of research through the following two directions:
first, to implement comparative analysis of different similarity measures, available and proposed in
the literature, and, second, to demonstrate the effectiveness of similarity search in function of discovery of hidden information in a structure other
than financial time series.
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Abstract
The subject of this work is a model of Sustainable
Air Pollution Management in Urban Areas Caused
by Traffic. The aim of this work is to give a practical
preview of sustainable air pollution management in
urban areas. Sustainable Air Pollution Management
means more efficient use of resources and downsize of emission of harmful gases [8]. The model
is based on 24 hour measurement of air pollution
in networked measuring stations within Automatic
Traffic Control System Centre. Based on results
measured by Automatic Traffic Control System
Centre the signaling cycle activates which causes
traffic diversion in the city. This allows managing of
air pollution in critical zones of the city (city centre)
and traffic diversion to other city areas, which helps
improve air quality according to the standard.
Key words: air pollution, harmful gases, sustainable air pollution management method, EURO
standard, Nitrogen dioxide NO2.
Introduction
Economic development, technology development and car industry development have caused the
increased of number of vehicles in urban areas. In
everyday circumstances environmental problems
are much bigger in urban areas. That is why people living in a city area have huge health problems
which have negative influence on urban psychology [8]. In urban areas, such as Banja Luka City,
the main problem is an infrastructure underdevelopment. Even though Banja Luka City is considered
to be European medium-sized city, with 250,000 inhabitants, it does not have a roundabout. Two transit
roads are located in the city, which is the main cause
of increased air pollution. Also, from the technology
aspects, the structure of the city, taxi and vehicle performance have direct influence on air pollution.
Volume 7 / Number 4 / 2012

The air quality in urban areas is determined by
geographical, climate, meteorological and other
factors. Apart from capital availability, labour,
traffic infrastructure, climate factors and the air
quality is to become inevitable factor which will
determinate economy development of a region or
area. Traffic solutions of both cities and regions
will undoubtedly become one of the top priority
issues in next few years. The European Legacy is
obliged to inform the public in case of serious air
pollution. Everyone has the right to ask both state
and local authority to take necessary steps in order
to improve the air quality.
Currently, the level of air quality in Banja Luka
City does not match health requirements, i.e. pollution has negative impact on its population. It
is commonly known fact that being exposed to
pollutants such as Nitrogen oxides NOx, Carbone
monoxide CO, flying particles, benzene and other
harmful substances causes chronic and acute illnesses. [5]. The quantity of pollutants depends on
the type and age of a vehicle, type and quantity of
fuel and many other factors. Issues such as global
warming, ozone damage and acidity are of high
concern and represent a part of our everyday life.
The increase of automobile traffic and vehicle
emission of harmful gases in past 20 years resulted with low air quality which represents a serious
threat to the health of people.
Materials and methods
Input Parameters
In order to estimate the air quality on S3 location in Banja Luka City Centre continuous measurements of the level of vehicle air emissions
were made in Ecology Lab. The air quality measurements considered following parameters: Sul1615
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fur dioxide SO2, Nitrogen dioxide NO2, Carbon
monoxide CO and soot. For input parameters an
average one hour values of pollutants were taken
in the account from the aspects of: period with no
traffic on 22/09/2010 (Jankovic at al., 2010), peak
traffic periods 23/09/2010 [7], total number of vehicles for years 2009 and 2010 [6], public and taxi
transport of Banja Luka City.
For the purpose of this research meteorological factors were taken into the account, as well.
One of the most important factors for decrease
of air pollution is the city greenery with 20,000
trees (Burlica et al., 2009). Climate characteristic
of high importance for a research of defined area
is air flow due to discrepancy in air pressure. Air
flow is also influenced both by relieve and ravine
of the defined area. Dominant air flow during the
year is West-Northwest (WNW) and its average
speed is 1.2 m/s [3].
Vehicle structure
In Banja Luka, our defined research area, the
traffic has been significantly increased in past five
years. Currently, there are 55,000 registered vehicles of different EURO standards [6]. Most vehicles do not meet EURO 3 standard [4]. Considering the fact that the 01/11/2010 is the date of entry
into force of EURO 4 standard, the level of pollution in Banja Luka is more than evident. Vehicle
age structure analyses in past two years (2009
and 2010) [6], show that the average vehicle age
is 15.7 years. The public transport in cities such
as Banja Luka is of great importance, because
the most frequent travelling distance is between 1
and 4 kilometres. There is only one type of public
transport in Banja Luka and it is by bus. Public
transportation went into private property couple of
years ago. Currently, there are 22 city and 30 suburb lines registered in Banja Luka area.

is eminent to have “stop and go” situations that cause
the increase of air pollution. Following are recent
statistics: the average bus age is 20 years, because
of old vehicles buses there is one bus in average operating in a place, average fuel consumption is 40 l
per 100 km and 162 departures from the city centre
station per day. Taking these statistics into the consideration, the level of air pollution in Banja Luka is
quite obvious. Regarding taxi transport, there are 8
taxi associations and 2 taxi companies with 265 taxi
vehicles on the street, i.e. 1 taxi vehicle per 1000
inhabitants. In order to determinate the air quality
in Banja Luka City, continuous measuring of main
air pollutants were made in 5 automatic measuring
stations according to European Standard.
Sustainable Air Pollution Management
The main purpose of Sustainable Air Pollution
Management in Urban Areas i to connect Automated Measuring Stations (S1-S5) with Automatic Traffic Control System Centre (CAUS). All
traffic lights in the city are connected to CAUS
(RL1-RL20). Also, all probes and traffic lights are
connected to CAUS with optic line. Based on the
results of the air pollution level, a signalling plan
would redirect the traffic to other itinerary (location) in order to decrease the air pollution in city
centre caused by air pollutants.Figure 1.

Public Transport
There are no separate bus lines in Banja Luka.
Buses drive in the same line as other vehicles and
it is not possible for them to drive faster, especially
during a rush hour. The same applies for taxi vehicles. It is very common situation that bus and taxi
vehicles literally “stuck” in a traffic. In such a case it
1616
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of air pollution
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The APNA-370 (S1-S5) continuously monitors
atmospheric NOX, NO2, and NO concentrations
using a cross-flow modulated semi decompression
chemiluminescence method [1]. The APNA-370
employs an independent, internal dry-method sampling device to achieve the highest levels of sensitivity and accuracy. The dry method, due to its minimal
maintenance requirements and capability of continuous monitoring and instantaneous analysis of gas in
its unaltered state, has been a preferred method for
monitoring the atmospheric pollution. The APNA370 uses a combination of the dual cross flow
modulation type chemiluminescence principle and
the referential calculation method. The APNA-370
gives great stability and extremely high sensitivity (0.1 ppm F.S.) and makes long-term continuous
measurements possible (every minute every hour).
The database also contains limited values of
pollutant concentration in the air, according to the
zones and air quality index, which are defined in
Decision on Protection from Air Pollution in the
Banja Luka City. According to the zones and air
quality class, limited values of pollutant concentration in the air define maximum level of pollution allowed to be present in the atmosphere of a particular city zone or city area and particular air quality
class, as shown in the following table 1.:

placed within CAUS. Traffic Lines RL8-RL21
and RL15, RL7, RL11 and RL22 would be closed
automatically. In this case, the traffic would operate in two transit lines: RL13, RL14, RL15, RL16,
RL20 i RL2 and RL12, RL11,RL10, RL21, RL22,
RL19, RL5,RL4, RL3. Both public and taxi transport would cover the city centre. The entire model
can be seen on Figure 2.
Public Transport Analyses
During morning and afternoon hours the traffic
would operate in normal mode. From the aspect
of traffic, it is necessary to coordinate alternative
traffic routes. Regular bus and taxi itinerary would
not change. After passing a critical point of air pollution, Automatic Traffic Control System Centre
would automatically activate special itinerary i.e.
alternative lines for redirecting the traffic from the
critical city zone.

Sample - simulation
RL6-RL9 Traffic Line. This line covers the
main part of Banja Luka City Centre. In case of
critical level of air pollution with Nitrogen oxides, new CAUS signalling cycle would be activated in order to close the traffic line RL6-RL9.
After that, the traffic would be redirected to Traffic Line RL15, RL9 and RL10. S3 Measuring
Station which covers this line and city centre is

Figure 2. Suggested Model

Table 1. Air Quality Class in the Banja Luka City
Pollutant
Concentration in µg/
m3
SO2 (Sulfur Dioxide)
NO2 (Nitrogen Dioxide)
CO (Carbon Monoxid)
Black smoke or soot
Volume 7 / Number 4 / 2012

Air Quality Class
Air Class 1
(low air pollution,
relatively clear air)
Up to 30
Up to 30
Up to 1000
Up to 20

Air Class 2
(risk zone)
30 - 50
30 - 40
1000 - 2000
20 - 40

Air Class 3
(high level risk
zone)
50 - 100
40 - 80
2000 - 4000
40 - 60

Air Class 4
(critical zone)
> 100
> 80
> 4000
> 60
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It is quite obvious that high traffic frequency
in Banja Luka City Centre influences the air quality, which justifies the concentration of NO2 pollutants measured in S3 Measuring Station during
No Traffic Day Event. Figure 2 shows an intensive
increase of NO2. The increase of other air pollutant
substances has been noted as well.
Results and discussion
If we make a comparison of air pollution measuring results during an active traffic period and
transport suspension, we can see that there is a decrease of an average pollutant concentration value
during one-hour period comparing to a period of
active traffic.
However, the number of vehicles increases
every year, which is particularly noticed in third
year of measurement (the year 2010). Considering
the fact that a monitoring period of air quality is
short, it is not possible to give an exact evaluation
of air quality on the location. Nonetheless, based
on measuring results on concentration of pollutants NO2 and CO during active traffic period a
conclusion is being made that the air quality is not
satisfactory and it is of Air Cass 3 quality. What is
obvious and positive at the same time, is that during the period of traffic suspension the air quality
improves, which is evident in Table 2. The above
given facts show that traffic intensity in Banja
Luka City influences air quality in the city.
Air pollutant measuring in Banja Luka City
Centre, location S3, has been conducted on
22/09/2010 during a period 1100-1300 and on
23/09/2010 during a period 1100-1300. The measuring provided comparison of air quality between
the day when there was not traffic on the streets
(22/09/2010) and the day when traffic operated in
regular mode (23/09/2010). The measuring results
are shown in Table 2.

Figure 3. Measuring results chart with and without the traffic
If we make data crossing (Figure 3.) we can see
that just after 30 minutes the air quality increases
i.e. Nitrogen oxide concentration decreases. This 30
minute period is a turning point when the air quality
i.e. Nitrogen oxide NO2 concentration level increases or decreases. Just after 15 minutes the air quality
goes down to 2nd level. If we take into the consideration the fact that rush hour in Banja Luka City is
in following hours: 0700 i 0800 I 1530 i 1700,we can
be safe to say that it is possible to manage air pollution efficiently both in the city centre and other city
locations, because the traffic infrastructure (RL6 –
RL9) makes it possible. The highest air pollution
was spotted in rush hour period between 1530 and
1700, when in short period of time large number of
vehicles were driving on the streets.
Conclusion
It is not completely possible to eliminate the air
pollution in urban areas. However, it is possible
to control it using air pollution measuring stations
i.e. allocating air pollution throughout the city.
The results show the following:
– Based on measuring station network it is
possible to make pedestrian zone between

Table 2. Measuring results in period with and without traffic in the City Centre on 22/09/2010
Pollutant
Concentration
in µg/m3
SO2
NO2
CO
ČAĐ
1618

µg/m3
µg/m3
µg/m3
µg/m3

Air Quality measurements period
22.09.2010. 11:00-13:00
min
32,345
24,999
3128
12,11

average
40,866
28,232
3782
17,993

max
49,387
31,466
4436
23,876

Air Quality Class

23.09.2010. 11:00-13:00
min
47,367
26,687
4121
15,12

average
55,1775
45,282
4272
22,552

max
62,988
63,878
4423
35,985

22.09.2010

23.09.2010

II
I
III
I

II
III
IV
II
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1700 and 2400 (implementation of automatic
pedestrian zone) and this way improve the
air quality to the 1st level.
– Decreasing the traffic frequency in the
city centre would help bus and taxi drivers
to drive on schedule, which would also
decrease air pollution.
– A study allows surveillance and present
reading of air quality with immediate traffic
dispersion in urban area. Also, the study
shows that diagnostic analyses and air quality
measurement depends on meteorological
conditions. In this case, wind rose has a big
influence as well.
In many cities ADMS urban model is used to
predict the air pollution. However, smaller cities
like Banja Luka are not able to afford this system.
In order to improve the air quality, we think that
it is possible to efficiently use existing measuring
stations and upgrade them with new units networked to CAUS. ADMS urban method allows
air pollution to be predicted [9] and dispersed
throughout networked stations.
For achieving more accurate results and air
pollution prognosis it is necessary to install vehicle counters within an itinerary and based on correlated measuring results of vehicle frequency [2]
and air pollution accurately determinate signalling
cycle with CAUS.
The air quality is determined based on given
measuring results and its comparison to the standard which helps define certain aims and take necessary steps such as:
1. Protective measures in emergency situations
(total traffic blocking with CAUS)
2. The estimation of danger level for population
(reporting by CAUS and information panels
displayed on certain locations)
3. Other environmental estimation of danger
level
4. Procurement of basic data for town planning
(traffic infrastructure and itinerary planning)
5. An audit of citizen complaints on air pollution
Basically, the results of air quality measuring
on 5 different locations in past 3 years show that
the air in Banja Luka City is on 2nd level [7]. If we
take into the consideration the results of measurVolume 7 / Number 4 / 2012

ing in S3 centre and the results on the day of now
traffic (22/09/2010), the air quality vary from 1st
to 4th air level [7] depending on the type of pollutant. Finally, the results of the study show that it
is possible to manage and control air pollution in
urban areas.
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Abstract
As it is widely known, there are three basic reasons for the bucket wheel excavators subsystems
redesign: (1) better customization of the machine
versus operating conditions; (2) easier maintenance
and (3) failure of the substructure under consideration. The improved design solution of the excavating device, outlined in this paper, was developed to
satisfy the first and second reason, while the redesigned bucket wheel boom hoisting system satisfies
the third. Thanks to the mentioned redesigns, partial revitalizations of the bucket wheel excavators
are realised, leading to considerable increase of the
machine’s reliability as well as the reliability of the
complete surface mining system and, additionally,
making the maintenance process easier.
Key words: bucket wheel excavator, excavating device, bucket wheel boom hoisting system,
redesign
1. Introduction
Exploitation with maintenance and usage retirement, as inevitable stages of life-cycle, is significantly important for bucket wheel excavators
(BWE) and spreaders, especially in case of multi
decennium exploitation, Figure 1. Because of the
structure complexity and specific task of their
maintenance, BWEs and spreaders, as fundamental parts of the open pits’ technological equipment,
are usually called excavation units [1].
The significance of introducing requests related
to maintenance into restrictions during the design
is clearly shown as well as the role of maintenance
in the life-cycle of BWE, Figure 2. Namely, when
it comes to the BWE, the following is required [3]:
– 2 years for conceptual and preliminary
designing;
– 1 year for detailed designing;
– 2 years for manufacturing, delivery and
launching;
1620

– 30 years for exploitation until revitalization;
– 1 year for revitalization;
– 20 to 25 years for exploitation after
revitalization;
– 0.5 to 1 year for usage retirement.

Figure 1. Age and capacity structure of BWEs
in open pits “Kolubara” and “Kostolac”
(Serbia):1-SchRs 300; 2- SchRs 350; 3,5,8,10,11SRs 1200; 4-SRs 1201; 6,7,9,12,20-SRs 470;
13,17,25,29,30-SchRs 630; 14-SchRs 900;15-SH
630; 16-SRs 1301; 18,27,28-SRs 2000; 19-SRs
400; 21-SchRs C700s; 22,23-SRs 1300; 24-SchRs
1760; 26-SchRs 800; 31-SchRs 1600 [2]

Figure 2. Duration of life-cycle stages of BWE [3]
Continuous exploitation in harsh working conditions provides fertile ground for the occurrence
of various failures [4-15]. Common denominators
to all failure of machines, particularly the highcapacity machines. are very high financial losses
and serious risks to the worker’s safety and life
[16]. When it comes to EU, financial losses caused
by production delays due to the principal machine
failure in a surface mining system, often significantly exceed the financial losses caused by direct
material damage. For instance, 1 hour of downtime
for BWE is estimated as a financial loss between
Volume 7 / Number 4 / 2012
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10,000 € and 15,000 €, depending on their capacity and types of material that are excavated (coal
or overburden). The size of the negative economic
effects caused by failures is remarkably revealed
in the fact that the total cost of failure in USA and
Europe is of order of 4% of GNP [17].
This paper presents solutions (developed by the
University of Belgrade – Faculty of Mechanical
Engineering) of the redesign of the vital BWEs
subsystems which are in use in the open pit mine
“Kolubara” – Serbia.
2. Case 1: Redesign of the bucket wheel
and its drive
Speaking freely, BWE is built up and around
the bucket wheel (BW), which in turn realizes the
basic function of the machine – soil excavation.
The design of the BW and its drive determines basic BWE performances – above all, capacity. As
stated in [18] „design errors in these areas would
be difficult and expensive to correct, if at all, after
the machine has been constructed”.
An obsolete conception and constant perrenial
exploitation in heavy duty conditions made it necessary to redesign the excavating device (ED) of
the BWE SchRs 350, Figure 3, which was put into
service in 1961 [19].

Figure 3. BWE SchRs 350 before ED redesign
Low reliability, followed by frequently occurring break downs, leads to considerable decrease
of the BWE exploitation effects. Besides that, it
is necessary to substitute the BW body considering that its regeneration was done 5 years ago. The
presented problems have two possible solutions:
Volume 7 / Number 4 / 2012

– Variant 1 – to manufacture a new gearbox
casing and almost every part (gears, shafts),
to construct a new BW and its shaft,
according to the existing design;
– Variant 2 – to build in a new BW gearbox of the
planetary type which is in use in BWE SchRs
630, with providing axial disassembling of
the BW and its shaft connection, and the
redesign and manufacture of the new BW
with a larger number of buckets.
Bearing in mind the following facts:
– The application of variant 1 does not
eliminate the problems which occur during
the replacement of the BW shaft bearing;
– The application of variant 2 eliminates the
listed problems simultaneously increasing
the BW drive reliability; furthermore, it
enables a higher level of unification of the
BW gearboxes;
– The planned increase of coal production;
It is conclusive that variant 2 is a more rational
solution, although more expensive than variant 1.
The redesign of the excavating device actually
means the substitution of the existing BW gearbox
of the classical design with a planetary one. The
existing BW drive enables a choice of BW shaft
speed among the following values: 6 min-1, 7.5
min-1 and 9 min-1, while the speed of the planetary
gearbox output shaft is 8.2 min-1.
Eight buckets are placed upon the existing BW.
The design of the bucket attachment permits turning through 180° during deep cuts, Figure 4. In
that case, the direction of the of BW rotation is
reversed as well.
Keeping in mind the following facts:
– There are no more technological demands
on changing the BW motion;
– The design of the existing BW allows
installation of a larger number of buckets;
The plan was to install 10 buckets of the existing design, on the BW. The decrease in the speed
number of the redesigned BW drive is compensated by increasing the number of buckets. The
redesigned excavating device gives 82 bucket discharges per minute, while the maximal number of
discharges in the existing device is 72.
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In order to make the substitution of the BW
shaft bearing easier and the downtime of the machine and complete system substantially shorter,
the connection between the BW gearbox and the
BW shaft is redesigned. The BW gearbox output
flange and the flange of the BW shaft are connected by an adapter plate, while the connection
between the BW shaft and its flange is realised by
means of elastic tightening rings.
Figures 5 – 8 show some details of the new BW
and its boom design and manufacturing, as well as
some details during reconstruction.

Figure 4. Buckets turning [19]

(a) installation of the shaft flange

(b) installation of the BW’s front plate

(c) installation of the ribs, ring and sealing
1622
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(d) installation of the ribs and conical shell

(e) installation of the bucket girders and front plate covers

(f) 3D model of redesigned BW with shaft
Figure 5. Redesign of BW with shaf
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(a)
(b)
Figure 6. Manufacturing of redesigned BW with shaft: (a) ribs; (b) bucket girders

(a) original structure

Figure 8. BWE SchRs 350 with redesigned excavating device
3. Case 2: Redesign of the bucket wheel
boom hoisting system

(b) redesigned structure: 1 - BWB; 2 – main
girder; 3 – walkway structure with fence; 4 –
torque arm; 5 – brake mechanism support; 6 –
auxiliaru mechanism support; 7 – upper girder of
oil reservoir ; 8 – roof structure
Figure 7. 3D models of BW boom
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The bucket wheel boom (BWB) hoisting system is shown in Figures 9 and 10. During the
BWE exploitation the failure of gear reducer output shaft occurred.
The connection between the motor and gear reducer is realized with an elastic coupling whose
diameter is 500 mm. Its part placed on the side of
the gear reducer is at the same time the breaking–
drum of the working brake. The safety brake is
placed on the opposite side of the gear reducer input shaft, Figure 10, and it is activated when working by brake reduces the speed of rotation of the
gear reducer input shaft to ≈ 0.2nnom (nnom=nEM). It
remains active until the system for inclination of
the wheel boom is restarted.

Volume 7 / Number 4 / 2012
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(a) structural scheme

(b) front view
Figure 9. TAKRAF SRs 1200 BWB hoisting system

(c) view from above

1 – BWB; 2 – BW; 3 – BWB tie-rods; K – movable crab; N – leveling pulley; T – balance weight; D – drum with drive

The conclusion, based on the conducted analyses, is as follows: safety factors, of the original
reducer output shaft, in both critical sections, are
satisfying (≈ 3). In spite of that, exploitation experience is confirming the big possibility of failure. This possibility is coming from both lack of
synchronization of both working motors, and the
system of braking, which is stopping the proper
function of elastic coupling of the reducer input
shaft. So, it is possible for the whole external
load to load only one output shaft of gear reducer.
Based on that, previously calculated safety factors are divided into halves. With other influences
such as different dynamic endurance of material,
mounting flows and sudden impacts, we can easily
assume that failure is likely to happen.
Safety factors of the redesigned shaft at critical
cross sections are rather increased i.e. the possibility for failure to happen is reduced to a minimum.
However, it is possible to establish the connection
between the output shaft of gear reducer and conVolume 7 / Number 4 / 2012

necting shaft on one side, and small gear and drum
on the other side, by elastic coupling, Figure 11.
In order to analyze the behavior of the constructed
coupling, it is necessary to determine its working
characteristic. The sensitiveness of rubber gaskets to
the circumferential force transmitted by a coupling
is determined by the finite element method. In this
way, one determines the elastic coupling rigidity.
Based on the response of the dynamic model
of BWB hoisting system gear reducer to external excitation caused by force resisting excavation [14,20,21], Figure 12, it is concluded that
the amplitude of changing torque for output shaft
is smaller for a mechanism with a built in rubber flexible coupling, which is a consequence of
amortization of higher vibrations modes of excitation force, Figure 13. Besides this, building
in the elastic coupling compensates for the lack
of synchronization between the operation motor
work and braking–system work on one hand, and
inaccuracy during production and mounting of
1625
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(a) structural scheme

(b) detail
Figure 10. Hoisting system drive

(c) detail

1 – motor, 2 – gear reducer (A – toothed input shaft, B – big gear with the first level of transmission, C – toothed connecting
shaft, D – big gear with the second level of transmission, E – gear reducer output shaft); 3 – working brake, 4 – safety brake,
5 – fast coupling, 6 – gear, 7 – toothed rim, 8 – drum, 9 – ropes
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certain elements on the other. In spite of all the
above mentioned advantages of using the elastic
coupling, which are results of this analyzed model, non–modeling dynamic elements can appear,
like the appearance of resonant system states. That
would be caused by elastic coupling. In that case,
the possibility of rubber gasket modification (by
shape or number) would be considered.

Figure 12. Dynamic model of gear reducer [21]

(a) fast coupling
(a) cross-section

(b) flexible coupling
Figure 13. Output reducer shaft torque [21]
4. Conclusion
(b) working characteristic
Figure 11. Elastic coupling
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Maximal stress values of the redesigned BW
body are lower in relation to the original BW body.
At the same time external load characteristics of
the redesigned working device are more favourable
for the whole BW structure. As already stated, decreasing the number of speed of the redesigned BW
drive is fully compensated by increasing the number of buckets, moreover, some increase (≈14%) of
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theoretical output is also reached. Installation of the
planetary BW gearbox which is in use in BW drive
of BWE SchRs 630 (4 excavators of that type are in
the open pit “Kolubara”) presents a contribution to
the unification and makes BWE maintenance easier.
Although safety factors of the original gear reducer output shaft in critical sections are satisfying, failure happens, caused either by unpredictable
strokes, lack of work synchronization of both drive–
breaking groups, existence of inaccuracy in production or mounting of reducer. Reconstruction of the
original gear reducer output shaft has provided high
increase of shaft safety factors in critical sections,
by using very precise constructive redesigning and
good choice of material. In that way, the possibility
of failure is minimized. In order to solve the problem caused by both lack of synchronized work of
drive–braking system, and inaccuracy in production and mounting of certain elements, there is the
possibility of replacing the fast coupling - with the
elastic coupling, between the gear reducer output
and connecting shaft - with the small toothed gear
and drum. By building in the elastic coupling, the
torsion moment, which loads the reducer output
shaft, has a lower amplitude of oscillation around
its average value. In this case, system is damping of
oscillations of higher harmonics, which is opposite
when using fast coupling.
The presented concepts of the BWE working
devices’ redesign eliminate the original design
drawbacks which deal with the accessibility and
possibility of repair or substitution of the damaged subassemblies as well as with safety against
overloading. Furthermore, they are in full agreement with contemporary BWE excavating device
conceptions. Finally, thanks to the presented redesign, partial revitalizations of the bucket wheel excavators were realised, leading to a considerable
increase of the machine’s reliability as well as the
reliability of the complete surface mining system
while at the same time making the maintenance
process easier.
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Abstract
Information and communication technologies
(ICT) became an unavoidable factor in optimization of transport processes. In that way, positioning
the vehicle represents an essential element for transport companies in their intention to improve the
fleet management. There are various technologies
applicable for this purpose, but the one discussed
in this paper and given as possible solution is using a new telecommunication arhitecture based on
Internet Multimedia Subsystem (IMS). This solution is represented in a form of Server based IMS
application whose execution is achieved fleet managment control by transport companies. To enable
this kind of control it is necessary to perform tracking vehicle position or define a route of movement.
IMS as a platform that alows provisioning a new
generation telecommunication services also gives a
posibility to use the existing infrastructure of mobile networks (GSM, UMTS) for this purpose. Application based on this system allows its users to
access the prefered information at any earths location and time either, receives an alarm in a form of
SMS, MMS, e-mail and being informed about the
possible diversion of the pre-set route. To locate the
vehicle, here is used appropriate algorithm based
on standard data base and data inputs related on the
position of the vehicle in regard to the base station
mobile networks and any kind of standard maps,
Google or similar.
Key words: IMS, position, fleet management.
1. Introduction
The characteristics of transport systems reflected in the efficiency, reliability and quality of
transportation services, today are implemented by
the integration of information and communication
technology (ICT) in the technical, human and financial resources.
Technology that became an unavoidable factor
in providing of transportation services among others, are the technologies that allow location-based
1630

services LBS (Location Based Services). Among
the best known these technologies is the GPS
(Global Positioning System) which gives users
the location and possibility to track the vehicles.
Deficiency of this technology is that it can reach
the signal attenuation (to be sent at the frequency
1575 GHz), so it is impossible to locate and track
vehicles in an environment where are placed obstacles such as concrete (eg garage walls), steel,
etc. The solution that can replace this deficiency is
based on the platform of the telecommunications
system IMS (IP Multimedia Subsystem), which
gives the possibility of developing applications
useful for that purpose. Developed applications
can allow users to track their resources, continuously updating location of resources, which is
visible on the Web / WAP interface at any time,
using existing mobile devices, or other specialized
devices for this purpose, which have the option
of using SMS and GPRS data channels. Thus, the
application allows the user to monitor, control, report and alert using a simple Web /WAP interface.
2. Positioning techniques
If we do not consider the manual input of the
position as a location method a general classification of positioning methods can be done into two
groups: The first group is called network-based
positioning. Here a tracking and evaluation of the
user location is done by using the base station network (see in the figure 1 image) . Therefore the
mobile device sends either a signal or is sensed
by the network. The second positioning group is
called terminal-based positioning. Here, the location is calculated by the user device itself from
signals received from base stations.
The most famous example for a terminal-based
system is the use of the Global Positioning System
(GPS). The base stations for the GPS system are
the GPS-satellites (see image in the Figure 2). The
reference stations make ranging measurements
from the satellites and provide them to the central
Volume 7 / Number 4 / 2012
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processing system.[1.] Finally a third group of positioning techniques emerges from combination of
network and terminal positioning techniques. The
basic principles for the calculation of the user position, valid for all groups, are:
–– Base Stations have a known position.
Information from a signal is transformed
into distances (N.B.: this is not valid for
Angle Of Arrival, AOA). Calculation of
position by using the obtained distances to
the base stations (e.g. arc intersection in
picture of the figure1 ). The following basic
techniques are often used for positioning,
mostly in combination:
–– Cell of origin (COO): The cell id is usually
the identifier of the nearest base station, e.g.
a mobile phone antenna. With this technique
the position is known in a defined circle or
cell around the base stations known position.
Beacons, e.g. infrared, ultrasound or RFID,
are used mostly indoors. Here beacons
have an identifier id or transmit their exact
position to the mobile device which is in
reach.
–– Time of Arrival (TOA): As electromagnetic
signals move with light speed. Knowing
the speed and the time difference between
sending and receiving the distance can
be computed. Light speed is approx
300’000km/s thus the runtimes are very
short and exact timers are needed. The same
principle can also be used for slower signals
like ultrasound.
–– Time Difference of Arrival (TDOA),
Enhanced Observed Time Difference
(E-OTD): these techniques do also compute
the distance by measuring the runtime, but
in difference they use therefore the time
difference between the signals of usually
three different base stations.
Figure 1 shows a number of positioning methods with their accuracy and their applicability to
indoor and outdoor user activities. As a rule over
the thumb one can say on one hand that network
positioning is useful for LBSs where precision is
not critical. Here, the Figure 1 shows the usually
lower positioning accuracy of network methods.
On the other hand the terminal based positioning
Volume 7 / Number 4 / 2012

is to recommend for LBSs where precision is important: e.g. dispatch, driving directions or billing.

Figure 1. Positioning methods, accuracy and application
Source: (Steiniger, Neun, Edwardes: Foundations of Location
Based Services)

LBSs (Location Based Services) use location
as a target to add value for the service. According to 3GPP (3rd Generation Partnership Project)
LBS is a service provided by the service provider
that uses available location information (3GPP TS
23 271). Most of today LBSs implemented as data
or message is based on WAP (Wireless Application Protocol), GPRS (Packet Radio Service) or
SMS (Short Message Service).
GIS (Geographic Information System) is also
very important element which is connected with a
process of specifying location. GIS is used to display information on a map ,to control and manage
them, and very often used as a reference point. [4]
3. Appliance of IMS application in
positioning process
IMS (IP Multimedia Subsystem) enables subscribers to access networks from either fixed
wireline devices, cellular phones or mobile devices, such as WiFi-enabled PCs, PDAs and
smartphones and use them for revenue-generating
multimedia services in converged environments.
For service providers, ASPs, content providers
and carriers, IMS will enable converged service
offerings. Since IMS has become the mandatory
architecture for both mobile and fixed networks,
the business potential has expanded significantly.
The purpose of the Fleet Management IMS is to
provide transportation companies with an easy-to1631
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use interface for managing their vehicle schedules
and fleets, based on real-time data.
This application allows users (transport companies) monitoring of their resources (vehicles),
continuously updating the location of resources
that is constantly visible on the Web/ WAP interface, using existing mobile devices, or other
specialized devices for this purpose, which have
the ability to use SMS and GPRS data channels.
Monitoring, reporting and alerting is achieved using a simple interface that provides an application.

–

–

3.1. Technical characteristics
In realization of this solutions there can be
viewed three segments: segment of base stations,
control segment and user segment.
The segment of base stations - base station cellular network GSM / GPRS / UMTS performed
by propagation of the signal according to user terminals.
The control segment - The control station is a
center for collecting and processing data coming
from the base station. Also, there may be multiple
control stations, and in this case it is useful to determine the main channel in which will be processed all
information coming from other monitoring stations.
The user segment - GSM / GPRS / UMTS receiver that receives signals from multiple base stations over their different propagation at the output
side, with the knowledge of the accurate location
of base stations is able to calculate its position.
The collected information is sent to the control
station in the form of GPRS data.
3.2. Functional characteristics
The IMS Fleet Menagment Aplication consists
of these interfaces:
– MPS positioning system - MLP Interface
- Mobile Positioning System is a platform
for positioning location-based services.
MPS determines the geographic position
of mobile users. MPS supports the use of
Mobile Location Protocol (MLP). MLP is an
XML interface that enables communication
between location and location-based services
infrastructure. MPS positioning system can
be replaced with location ParlayX Terminal
1632

–
–

–

Location Web Service Handler, which is
actually Ericsson’s SDP s platform solution.
SOAP / XML - Simple Object Access
Protocol is a protocol that allows sharing of
information during the implementation of
Web services in a network. SOAP is based on
XML and some application layer protocols
such as RPC (Remote Procedure Call) and
HTTP (Hypertext Transfer Protocol) for
messaging and negotiation sessions
Messaging functionality - Parlay X interface
– It is necessary to write applications using a
specific protocol, in order to access special
SMS, MMS, and email functionality that
allows network. For this purpose, there
can be used the Parlay / OSA approach,
which includes standard interfaces to access
SMS, MMS, and email functionality. In
this sense, it is possible to speak of a set
of unique interface for all network, eg
sendMMS, sendSMS, sendEMS etc or just
SendMessage. This is talking about the
Parlay X 3 specification, which allows a
set of interfaces for the two Web services
messaging: SMS and MMS.
Billing Functionality (accounts) - XML
interface.
SSO functionality - Java API - Single
sign-on (SSO) mechanism that allows the
one single action of authentication and
authorization on the computer system which
has permission to access without the need
for multiple reporting of the same.
Provisioning - HTTP interface. [5]

3.3. The operating mode of aplication
IMS application consists of server placed in the
monitoring center, PCs i.e. customer’s working
stations and communication infrastructure provided by mobile GSM network and Internet. Server at
the monitoring center permanently receives data
sent through GSM network, processes them and
stores them into database. The user have access
to these data through server application or web
site of the monitoring center and monitors vehicle
movement on detailed maps and controls vehicles
statuses. Potential users are all companies with
bigger fleet of vehicles.
Volume 7 / Number 4 / 2012
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Figure 2. Appliance of IMS Application in positionig
Monitoring center could be installed in all telecom providers. PC, permanent connection with
Internet, fix IP address would be enough. Operator
in the monitoring center, through computer and Intranet, i.e. local computer network communicates
with server, which transfers all data on vehicles.
The users need simple web browser like Internet
Explorer or Opera and subscription for vehicle
monitoring services when the they get user name
and password. In this case it is not necessary to install any special software for PC, and with access to
appropriate web site the user gets the same interface
with maps and all functions for monitoring positions and statuses of the vehicles and alarming. Vehicles monitoring can be performed also by mobile
phone supporting GPRS and it has WAP browser,
which is common for all recent phone models.
The heart of the whole system is Fox server
where data base, software applications and services for collecting, memorizing and distribution of data from remote devices placed into users vehicles are installed. All data come through
GSM mobile network to public static IP address of
router/firewall as per predefined IP port, and then
they are routed again to IP address of server. Data
are transferred further to all clients in the system
(monitoring centers and other users) through Intranet or WAN (Wide Area Network) i.e. Internet.
4. IMS application use cases
The main precondition for using this application is user activated service (by providers), that
Volume 7 / Number 4 / 2012

he previously has subscribed. Once this condition
is met, and assuming that the user has successfully
logged in using SSO authentication service portal
interface (WEB / WAP), the options are:
Adding some points of interest, as POIs (assigning names these POI-s), which can be made in
the following way:
– Clicking on a specific location on the map
– Entering the coordinates x, y or search a
specific location on the map in the form of
entering the address you should find,
– Typing in textual form the name of the POI,
– Press buttons for adding POIs,
Creating special Tasks defined for each resource that is tracked for the following:
– Arrival to the created point of interest,
– Diversion of the route that is pre-defined
and assigned to the corresponding resource.
The sequence of activities that generate this are
contained in the following:
– The user has chosen the creation of special
podaapi’s Task
– Selects a type of Task that he wants to set:
the arrival of the created POI - application
will allow setting the POI as a point at
which the tracking resource needs to get
on (whether as an final destination or a
check point), and will notify users about it;
possible diversion from the pre – defined
route for the corresponding resource - the
application will easily allow the possibility
of creating routes using special tools for
this purpose (such as pointers, etc.) so that
users can draw the desired route on a map
connecting points of departure and arrival
for a source of some.
– Press the Save Task button (Save Task)
Defining alarms for selected Task’s
– The user selects the form of alarm that he
will get. Reports that he will receive can
be for example: “ Resource has arrived at
defined POI”, “The resource is turned with
the pre - defined route”.
– An alarm is sent in the form of SMS, MMS
or email.
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5. Conclusion
By connecting the GPS system and a custom
IMS application creates the appropriate network
structure that allows intra-provaiders communication and information exchange between providers
and the environment in a way that barriers are a
problem for GPS systems are overcome by using the base stations of mobile networks: GSM,
UMTS. This implementation can support many
different uses and are used in different modes and
by different users.
Cars and trucks can be equipped with GPS
receivers. GPS in this case serves to show maps
of movement, information about location, speed,
direction, nearby streets and landmarks, and customized IMS solution can be used as a solution
in the case of GPS signal attenuation, as well as
the main solution. Such systems can be used as
safety devices for detecting and tracking stolen
cars, trucks etc. In this particular case comes to the
fore with a custom solution for IMS application is
much harder to muffle the signal of base station
signals rather than using GPS.
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Abstract
Background and Aims: Identifying factors
that affect the students’ evaluation of teachers’
performance, allows for proper planning and provides for earning real results of the faculty performance. This study was undertaken aimed at
determining the relationship between teachers’
evaluation scores and the students’ academic performance in Ilam University of Medical Sciences.
Methods and Material: This descriptiveanalytical study was undertaken throughout the
school year of 2009-2010 in the Ilam University
of Medical Sciences. All the faculty members (110
teachers) and all the medical and basic sciences
students (1250 people) studying in this university
during the mentioned time span were considered
using the census method. Collection of the faculty evaluation data was carried out using a valid
and reliable questionnaire including 14 questions,
where as the data on academic performance of the
students was gathered via the Educational Management System (Sama). Normalization of the
variables was executed using the KolmorogroveSmirnove test and data analysis was performed
based on Pearson correlation coefficient test and
linear regression.
Findings: The teachers’ performance evaluation
mean score during the first and second semester
was 4.28 and 4.17 respectively, and the students’
grade point average during the first and second semester was 15.11 and 15.48 respectively. The Pearson correlation coefficient showed that there is a
negative relationship between the number of units
(number of credit hours per each course) a professor should teach and the mean score of the class
performance, which was statistically significant
Volume 7 / Number 4 / 2012

(r=0.28, P=0.031). Also, the linear regression equation showed that by increasing the number of the
units each professor should teach only by one unit,
the mean score of the grade point average (GPA)
of the class will decrease by 22%. However, there
were no significant relationship between the class
performance mean (the class average GPA) scores
and teachers’ evaluations scores mean (p=0.94).
Conclusion: Considering the insignificance
of the relationship between the classroom performance (mean GPA score) and the teachers’
evaluation mean score −having been confirmed
by similar studies− this variable should not be
considered as a biased factor in evaluation of the
professors, given the fact that No significant relationship was observed between the class average
exam marks and the classroom evaluation mean
scores (P=0.54, r=0.057). The findings of the current study have shed some light on the subject
matter by providing insights from a non-western
background and would help to fill up the lack of
studies in this context.
Key words: Teacher performance evaluation,
Educational performance, University, Student,
Teacher
Introduction
Evaluation of the teachers’ performance is a
priority concern for the universities to promote
the education quality; hence many of the universities define a number of criteria for determining the
competencies of their faculty members and assess
their performance based on a codified and systematic process. Improving the teaching process and
increasing its efficiency are the primary goals of
such evaluations [1].
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One of the most prevalent methods used in many
countries including Iran for assessing the educational performance of a university teacher is to evaluate
their performance by the students [2-3]. According
to some experts’ opinion, evaluation of the teachers’ performance by the students is the only tangible
way and the best kind of evaluation because the students are the only people who are directly taught by
the professors; hence, they are in the best position
to evaluate their teachers’ educational activities [46]. In this method, usually a survey questionnaire
containing some questions about the educational
activities of the teacher is given to the students to
evaluate their teacher. Some studies have shown
that students’ opinions about the teachers may be
influenced by factors that are not associated with
teacher evaluation. In this regard, numerous studies have been conducted in recent years, providing
evidences and comments in favor of or against such
kind of evaluation [7-10].
In Iran, the evaluation process of teachers and
faculty members is faced with considerable challenge; so numerous attempts have been made
through research to provide answers to the questions and ambiguities surrounding the issue and
thereby establishing the most possible conformity
between the teachers’ evaluation results and the
real results [11]. Given the importance of student
evaluation of the teaching process, it is necessary
for such evaluations to include all the factors effective in education. Research results have shown
that the students’ assessments depend on a number of factors such as scientific rank of the teacher,
teacher’s popularity, gender and personality traits
of the students, level of difficulty or simplicity of
a the course, class time, evaluation time, expected
marks of the students, seriousness or tolerance
level of the teacher, and his sense of humor [1215]. The effect of each of these factors on teacher
evaluation has been confirmed in some studies,
though some other studies have found no significant relationship about them. But the important
factor now being disputed is the issue of students’
scores on the teacher evaluation. Some teachers
believe that academic performance of the students
is effective on their assessment of the teachers’
method of teaching and those students with low
academic performance are not qualified for such
evaluation; accordingly, they recommend that for
1636

a reliable and accurate evaluation, only the outstanding Students’ views should be considered.
In a study by McAllister conducted at the University of Virginia, the results of more than 400
research papers reported no significant relationship between academic performance of the students and their evaluation of the teachers [15]. In
an another study, 50 research papers were examined among which 22 cases reported the correlation coefficient between academic performance of
the students and their evaluation of the teachers as
zero; and 28 other cases have reported a weak but
positive significant relationship between the two
[13]. Also Shakournia’s study showed a very low
positive correlation coefficient (-0.091) between
the teacher’s evaluation score and the students’
grade point average (GPA) [16].
Students’ evaluation will help the authorities in
decision making, and gives feedback to teachers
about effectiveness of teaching; but there is doubt
about the extent to which such evaluations are able
to reflect the reality. This study is aimed at determining the relationship between the teachers’ evaluation scores and the students’ average point grade
of Ilam University of Medical Sciences in Iran.
Research method
The present research has been undertaken as a
sectional descriptive-analytical study during the
year 2009 in Ilam University of Medical Sciences
which is located in Ilam province, west of Iran. The
research population consisted of all the lecturers
and professors teaching in the above mentioned
university (101 people) and all the students studying in the majors of medicine, nursing, laboratory
sciences, radiology, surgery, anesthesiology, obstetrics, occupational health, eEnvironmental health
and public health (1250 students) during the time
span of 2009-2010, using census method. Collecting data relating to the teachers evaluation was
conducted using a valid and reliable questionnaire
including 14 questions. All measurement items for
the evaluation criteria were rated using a 5-point
Likert scale namely “(1) very weak”, “(2) weak”,
“(3) moderate”, “(4) good”, and “(5) very good”.
The questionnaire was given to the students at the
end of each lesson’s sessions in the final days of
two semesters. Students were asked to voluntarily
Volume 7 / Number 4 / 2012
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evaluate their professors through completing the
questionnaire. In fact a teacher may teach a combination of theoretical, practical or clinical courses
in each semester; hence the students were given
equal number of questionnaires appropriate to the
same number of lessons each professor taught in a
semester to evaluate a professor based on each of
the courses taught. After collecting the completed
questionnaires, the teacher’s evaluation scores were
determined using the teacher evaluation software.
Besides, collecting data on the academic performance of students was done using the Education
Management System (Sama). Sama is relatively
renowned educational software that all Universities
of Medical Sciences of Iran have been equipped
with. What is meant by the academic performance
of a student refers to grade point average (GPA)
which is calculated by adding together the number
of grade points a student earned in a given period
of time and dividing it by the total number of credits taken. The GPA is a number between 0 to 20.
Normalization of the variables was done using the
Kolmorogrove-Smirnove test. Data analysis was
performed using SPSS statistical software version
17.0 together with the Pearson correlation coefficient test and linear regression.
Findings
The grade point average (GPA) of the students
in each classroom and their evaluation scores of
the faculty members were determined based on
the semester, number of theoretical courses, number of internship courses and the number of clinical courses (Table 1).
As seen in Table 1, the students’ grade point
average for the second semester was higher than
first semester; whereas the teachers’ evaluation
mean score in the second semester was lower than
the first semester. But this difference was not statistically significant (P<0.05). With the increase
in the number of the theoretical courses (units),
the students’ grade point average decreased, but
the ANOVA test did not reveal any significant
difference between their mean scores (F=2.163,
P<0.06). Also the teachers’ evaluation mean scores
were decreased with an increase in the number of
theoretical courses, but this was not also significant (F= 0.55, P<0.73). The students’ classroom
Volume 7 / Number 4 / 2012

grade point average went up with an increase in
the number of practical units (F=0.63, P=0.52).
Based on the ANOVA test, there was a significant difference between the teachers’ evaluation
mean score as per the number of practical units
(F=3.54, P=0.03). The teachers’ evaluation mean
scores were identical as per the internship course.
But the GPA of the students who were to pass the
internship course was lower than others. The evaluation mean score for teachers who taught clinical courses was lower than other teachers. As for
the students, the GPA for those who took clinical
course was higher than other students; but this difference was not significant (P>0.05).
The Pearson correlation coefficient test was
used for examining the relationship between the
students’ classroom average exam marks and the
teachers’ evaluation mean score, showing that there
was no significant relationship between the class
average exam marks and the classroom evaluation
mean scores (P=0.54, r=0.057). Table 2 shows the
decrease in the classroom GPA by increasing the
number of the teachers’ theoretical units.
There was a regression relationship of
Y=15.48−0.27X between the classroom mean
scores (GPA) and the teachers’ number of teaching
units, where Y is the students’ classroom GPA and
X is the teachers’ number of teaching units. The
regression relationship showed that each unit increase in the number of professors’ teaching units
will decrease the students’ GPA by 0.27, and the
students’ marks in 1 and 2 unit courses is higher
than that of 3, 4 and 5 unit (credit) courses.
The teachers’ evaluation mean score also decreased by the increase in the number of units they
taught, but Pearson correlation coefficient did not
show any significant relationship between the decrease in the teachers’ evaluation scores and the increase in the number of teaching units (r= -0.029,
P=0.71).
Discussion
One of the most controversial topics in education system is how students’ scores would affect
their evaluation of teachers’ performance [17]. In
a review of 150 studies related to the subject of
this research, states that most researchers believe
that “evaluation of teachers is a valid, reliable
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Table 1. Mean, standard deviation (SD), minimum and maximum scores and teachers’ evaluation score
mean based on the variables under study
Mean

Student
(GPA)
1
2nd
0
1
2
No. of theoretical
courses
3
4
5
0
No. of practical
1
courses
2
Not
Internship course available
Available
Not
Clinical courses available
Available
Total
Semester

th

SD

Minimum

Maximum

Teacher Student Teacher Student Teacher Student Teacher Student
14.38
4.26
1.76
0.38
11.00
3.23
18.67
4.91
15.02
4.17
1.56
0.41
11.63
2.98
18.20
4.83
15.26
4.21
1.68
0.52
11.11
3.28
18.00
4.88
15.44
4.22
1.95
0.41
11.00
3.28
18.67
4.91
14.93
4.19
1.66
0.37
11.47
3.19
17.87
4.74
14.63
4.28
1.29
0.32
11.95
3.55
16.75
4.84
13.80
4.26
1.35
0.25
11.51
3.80
15.62
4.73
14.65
4.06
1.19
0.19
12.95
2.98
16.11
4.51
14.99
4.18
1.71
0.41
11.00
2.98
18.67
4.91
14.52
4.40
1.48
0.29
12.50
3.85
18.20
4.88
15.07
4.30
0.63
.013
14.62
4.15
15.52
4.41
14.99

4.21

1.70

0.41

11.00

2.98

18.67

4.91

14.36

4.23

1.29

0.26

11.47

3.68

15.89

4.74

14.91

4.23

1.67

0.39

11.00

2.98

18.67

4.91

15.53
14.92

4.12
4.22

1.56
1.66

0.38
0.39

14.42
11.00

3.28
2.98

16.64
18.67

4.75
4.91

Table 2. Relationship between the teachers’ evaluation scores and the students’ performance scores
with the no. of course units
students’ performance
score mean
No. of course units

r
P
r
P

Teachers’ evaluation score mean
0.057
0.54
- 0.029
0.71

and valuable means of evaluation of the teaching performance.” The study also discussed that
many researchers have stressed the need for treating with caution when using the evaluation results
for decision making about attraction and retention
of the teachers, whereas others have completely
rejected its applicability for this purpose. The researcher also made note of the studies undertaken
by others and believed that the biasing effect of
the classroom scores in their evaluations have
been explicitly shown in many of the empirical
studies; in general, the teacher’s evaluation score
tends to be higher in the classrooms where the students have obtained a higher grade in the course
[18]. As such, Greenwald points out that there are
evidence supporting the belief that teachers can
obtain higher evaluation scores by marking their
students with higher grades [19].
1638

Students’ performance score mean
- .0231
0.009

In this study, no significant relationship between the classroom mean score and the class
evaluation mean score has been found. Results
of this study conform to the study results of those
researchers that admit there is a weak correlation
between the course score and the teacher evaluation score. Karamdoust’s study results show that
in 95% of the cases there is no significant relationship between the student’s marks and the teacher’s
evaluation score. This is contrary to the assumption that when a teacher teaches different courses
or presents a single course to different students,
his/her teaching’s weak points will not only be noticed by the students, but would also affect the students’ performance [20]. On the other hand, this
study results are consistent with a review study
carried out in University of Virginia, investigating
the results of more than 400 research papers [15]
Volume 7 / Number 4 / 2012
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and another study undertaken by Potratz [21]. In
another study of a total of 50 papers, 22 researches reported the correlation coefficient between the
students’ marks and the teachers’ evaluation score
as zero, and 28 other studies have reported a positive, though weak significant correlation between
the two [13]. Similarly, in a study conducted by
Sailor et al considering 625 courses during an educational season at the State University of Jonah, a
weak positive correlation (28%) for undergraduate
courses was found; and for graduate courses the
obtained correlation was 20 percent [22], which is
consistent with the present study results. Also the
results of a research conducted at the University
of Idaho confirm the lack of any relationship between these two factors [23].
Obviously, the change trend of evaluation
scores do not match with the change trend of exam
marks; that is, the evaluation scores do not change
in similar proportion to the marks that students obtain in their exam. Although some students might
not give low evaluation scores to teachers with
low performance −who give high exam marks to
the students− but those other students who are not
satisfied with teaching method of such teachers
do not give high evaluation scores to them despite
their own high test marks. Consequently, when the
collective views of the students about a teacher’s
teaching quality is asked, besides the students’
test marks, some other factors are also involved
in performance evaluation of that teacher. In sum,
no strong and meaningful relationship is observed
between the average of exam marks and the evaluation mean score.
One of the limitations of the study includes the
lack of enough motivation in a number of respondents for giving response to questions, as they
believed that the feedback on evaluation results
would not be conveyed to the teachers and generally will not make any difference in the quality of education. Such obstacles were overcome
to some extent by the researcher’s presence in the
classroom and providing adequate description
about importance of evaluation and its impact on
improving the education. Another limitation of
the study was the inadequate time of questionnaire distribution among the students; as the questionnaires were distributed during the final days
of the semester and the students were engaged in
Volume 7 / Number 4 / 2012

tests, so they were unable to adequately cooperate with the researcher obliging him to refer to
some classrooms several times for collecting the
completed questionnaires. Of course, there might
be other contributing factors that could influence
students’ academic performance and their evaluation scores, including inherent difficulty of subject
material, students’ level of perceiving teacher’s attitude, reputations of ‘easy’ or ‘hard’ markers, etc.
Conclusion
Despite the fact that there are inconsistent research studies about existence or non-existence of
correlation between the teachers’ evaluation score
and the students’ exam mark, this cannot be considered as a biasing factor in teachers’ evaluation;
as correlation between these two factors can be
an indication to better learn about the student and
his/her satisfaction with regard to teachers’ performance and could also be an indication to the effectiveness of teaching. In fact, higher teacher evaluation score can be indicative of higher satisfaction
of the student as well as his/her better understanding of subject matter; probably a result of effective
teaching methods used by the teacher. Given the
dearth of studies on teachers’ evaluation and students’ performance in non-western countries, the
use of an Iranian sample in this study has helped to
address the gap in the literature by shedding some
light on the subject matter, and providing some insights from another context.
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Abstract
The aim of this study was to determine the degree of influence of motor abilities on quality of
performing technical elements in alpine skiing.
In a sample of 43 students, average age 22 years,
male, measurement was performed using a nine
motor and two situational-motor tests. Alpine skiing technique is evaluated through V turns and basic meandering, two technical alpine elements that
are in the program of basic skiing form. Based on
the obtained results it can be concluded that motor skills in the manifest space have a significant
impact on the success in performing of technical
elements of alpine skiing.
Key words: alpine skiing, V turnaround, basic
meandering, motor skills.
1. Introduction
Alpine skiing is the specific and complex sports
activity that takes place on different terrain, which
demands that the skiers have mastered skiing technique at high level of quality and that they know
how to apply it in the given circumstances. Therefore, it is essential that every skier, beginner, adopt
the elements of ski technique at a high level through
the schools of alpine skiing. The process of adopting
the techniques of alpine skiing, with ski beginners,
is implemented gradually, with the use of schools
programme of Alpine skiing, for a period of seven
days. It can be said that the quality of ski technique,
in the adoption process depends on several factors,
of which some factors more than others contribute
to this process. It can be assumed that within the
wide range of interaction of various structures and
factors important place belongs to the level of development of specific motor abilities of individuals who are involved in skiing activity. Effective
management of the system can only be provided if
the structure of the system and their interrelations
are known [4]. Therefore, it is very important to
Volume 7 / Number 4 / 2012

identify the factors that play a significant role in the
adoption of quality skiing techniques.
Based on previous studies results aimed at
identifying factors important for adopting the
techniques of skiing, it can be said that the success
in alpine skiing depends primarily on the level of
the adopted specific motor skills. In addition to
specific motor skills, success in alpine skiing depends on the level of motor and functional ability,
speed, strength, coordination, balance and aerobic
and anaerobic endurance [3].
The results of the research conducted by Cigrovski, Bo. Matković. & Br. Matković [2], indicate that the motor ability of agility associated
with the process of adopting elements of ski techniques for beginner ski and explosive power was
not significantly associated with the process of
learning the basics of alpine skiing.
Also, in study conducted by Cigrovski,
Matković and Prlenda [1], it can be seen that balance as motor ability has a significant impact on
the adoption of elements of ski technique, that is,
skiers and beginners who achieved good results
in tests for balance estimation, also achieve high
scores in tests for skiing knowledge estimation
and vice versa.
Because of different approaches to learning
process of Alpine skiing, the aim of this paper is
to answer the question, which motor skills have a
significant impact on the quality of the performing
elements of ski technique with ski beginners.
2. Method and materials
The population from which the sample of respondents in this study is extracted, is defined as
the population of the second year students of the
Faculty of Sport and Physical Education, involved
in the regular ski course in school year of 2011/12.
The sample contained 43 male students, average
age of 22 years.
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Motor control and specifically-motor skills that
assess success in alpine skiing are taken as measurement instruments from anthropological space
in the sample.
For the assessment of motor abilities following
measuring instruments were applied:
1. foot taping – MTAPN;
2. hand tapping – MTAPR;
3. forward bend, twist touch – MPZD;
4. long jump from a standing point – MSDM;
5. throwing a medicine ball from the chest
from a sitting down position in a chair –
MBACMED;
6. running at 20 m from a standing start MTRČ20M;
7. agility in the air – MOKRVAZ;
8. side steps - MKORSTR; and
9. 20 steps with a bats withdrawal - MISKP.
To assess acquisition of skiing techniques the
next measurement instruments were applied:
1. V-SMKZ shift; and
2. primary wriggle-SMOV.
Assessment of motor skills is performed on
Faculty for Sport and Physical Education, just before sending students on compulsory practical ski
lessons. Tests were measured three times, and the
best value is taken as the final result.
Estimation of skiing techniques was performed
on the ski slopes of Kopaonik after realization
of a seven-day program. Ski lessons, for seven
days, were executed by four teachers following
the identical program. Students were divided into
four equal groups of 11 students and one teacher
worked with each group. During the day, teaching
was carried out with a fund of six classes where
the first three classes were intended for learning
the elements of ski technique and the rest three
classes after were intended for training purposes.
Assessors were teachers who have vast experience in this business. All four assessors from
different positions evaluate each student. Four
independent assessors gave an evaluation of each
respondent for demonstration of selected elements
of ski technique - V shift and basic wriggle, and as
final score mean value of three grades was taken.
Assessment of acquired level of knowledge at respondents is valued on the scale from 1 to 5, which
1642

referees to the conduct of a bow ski turns, speed
control based on the completion of turn, the proper
attitude that ensures the focus in the middle of the
foot, the ease and softness of the demonstration.
In accordance with the research method, an appropriate statistical analysis of data is chosen. The
descriptive statistical parameters are calculated
and in order to determine the grading objectivity
of learned elements of ski technique, the correlation coefficients in the first principal components
of the space particles of assessors are also calculated. To calculate the influence of motor ability
on quality of technical elements in alpine, multiple regression analysis was applied. The statistical
significance of regression coefficients was tested
for fault level at p <.05. Significance of the coefficient of determination was tested with F tests for
fault level at p <.05.
3. Results and discussion
Review of table of descriptive statistical parameters (Table 1), the column of asymmetry coefficients distribution (Skewness), clearly shows
that the results of motoric tests do not deviate
significantly from a normal distribution. In this
case, the variables MSDM with the value of skewness (-1. 94) and MBACMED (-1.08) show less
deviation in the direction of negative asymmetry
results, that is, the value of skewness is saying that
there is more above-average results in these tests
compared to the arithmetic mean. In addition, it
can be observed insignificant deviation in the direction of positive asymmetry results in a variable
MOKRVAZ with the value of skewness (1.63).
The value of skewness suggests that there is more
below-average results in this test.
The degree of top elongation of the results
distribution curve in most of the variables is medium rounded, however, the variables MSDM,
MTR20M, MOKRVAZ, MKORSTR degree of
elongation is negatively rounded which indicates
that in these four variables, quite often, identical
or nearly identical results occur, which also indicates a significant homogeneity of sets.
Table 2 presents the objectivity coefficients of
each assessors grading for both elements of ski
technique. Based on present, it can be seen that
the evaluation of the respondents were very fair,
Volume 7 / Number 4 / 2012
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Table 1. Descriptive statistics of prediction variables
MTAPN
MTAPR
MPZD
MSDM
MBACMED
MTRS20M
MOKRVAZ
MKORSTR
MISKP

N
43
43
43
43
43
43
43
43
43

Mean
34,07
48,23
13,67
229,40
377,80
3,45
5,59
22,52
61,98

Minimum
29,00
37,00
8,00
135,00
450,00
2,84
3,71
15,24
19,71

Maximum
38,00
57,00
18,00
256,00
490,00
4,44
25,60
28,97
100,00

because all three evaluators gave virtually identical assessment of the elements of ski technique,
according to the adopted model of assessment.
Table 2. The correlation coefficients of the first
principal components of particles in the space of
assessors
REFEREE 1
REFEREE 2
REFEREE 3

SMKZ
0,92
0,90
0,93

SMOV
0,90
0,93
0.91

3.1. Regression analysis of the wedge (V)
turns (SMKZ)
Table 3 shows the results of a regression analysis of the techniques involved in performing V
turn (SMKZ) in the manifest space of predictor
variables. Regression analysis of the wedge turns
criterion variable (SMKZ) in the manifest space
of predictor variables (Table 3) provides us with
enough information about the effects of applied
motoric variables on the success in the performance of treated criteria variables. Connection of

Range
9,00
20,00
10,00
121,00
40,00
1,60
21,89
13,73
80,29

SD
2,46
4,53
2,54
26,34
87,75
0,34
2,30
2,68
20,76

Skewness
-0,39
-0,29
-0,28
-1,94
-1,08
0,66
1,63
-0,47
-0,19

Kurtosis
-0,78
0,13
0,32
2,63
1,62
1,23
2,11
2,04
-1,88

the whole system of predictor variables with the
criterion is R=.95. The variable wedge turn with
about 63% (Adjusted RI =.63%) of the common
variance can be explained by predictor variables
of the system, while the remaining 37% of variability is influenced by uncontrolled factors.
The analysis of the impact of individual predictor variables to the criterion, wedge turns (SMKZ),
had a variable from the coordination space represented by the side steps - MKORST, the error
level p <.04.
The reason that this variable has the largest impact on the criterion is because a successful performing of ski technique elements requires a high
degree of coordination because skiing is a sport
that belongs to the complex movement structures
where coordination plays an important role in the
performance of certain movement structures. We
conclude that those respondents who have a good
score in the test coordination will also have better
results in learning a wedge turn.

Table 3. Results of regression analysis - wedge (V) turns (SMKZ)
MTAPN
MTAPR
MPZD
MSDM
MBACMED
MTRS20M
MOKRVAZ
MKORSTR
MISKP
R=,95

Beta
-0,09
0,36
0,19
0,61
0,44
0,35
0,76
-0,86
0,12
RІ=,90
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St. Err. of Beta
0,18
0,20
0,26
0,31
0,26
0,29
0,38
0,28
0,22
Adjusted RІ=,63

B
-0,07
0,14
0,13
0,04
0,01
1,85
-0,26
-0,57
0,01
DF1=21

St. Err. of B
0,13
0,08
0,18
0,02
0,00
1,53
0,13
0,19
0,01
DF2=8

t(167)
0,50
1,76
0,74
1,94
1,67
1,21
-2,02
-3,02
0,52
F=3,39

p-level
0,63
0,12
0,48
0,09
0,13
0,26
0,08
0,02
0,62
p<,04
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3.2. Regression analysis of the basic meandering (SMOV)
Table 4 shows the results of regression analysis
on the techniques involved in performing the basic meandering (SMOV) in the manifest space of
predictor variables. Regression analysis of the basic
meandering criterion variable (SMKZ) in the manifest space of predictor variables (Table 3) provides
us with enough information about the effects of applied motoric variables on the success in the performance of treated criteria variables. From the table
you can see that between the motor system of predictor variables and the criterion variable there is a
statistically significant correlation (p<.02), that is,
the multiple correlation coefficient is R=.96 which
explains the common variance from about 72%
(Adjusted RI =.72%), while the remaining 28% of
the total variance explained in the criterion variable
(meandering primary) can be attributed to other anthropological characteristics.
From the analysis of the impact of individual
predictor variables on the primary meandering criterion variable (SMOV) it can be concluded that
the largest and statistically significant effects were
recorded by four variables at fault level p<.02.
Four predictors were found to be important in
explaining the connection between the criterion
variable, and those are measures for assessment of
explosive strength that represents the jump from a
place - MSDM and running 20 yards from a standing start - MTRS20M as well as variables from the
coordination space that represent agility in the air
- MOKRVAZ and side steps - MKORST.
These four variables show the highest partial
correlation with the criterion variable, which can

be seen by reviewing Beta coefficient. Negative
beta coefficient for the variable of space coordination, MOKRVAZ - agility in the air and MKORSTside steps, in this case does not points to a really
negative impact, since it is a variable whose data
are expressed in time units, and lower value represents a logical better result.
Consequently, connection of explosive strength
and coordination with the basic techniques of primarily meandering performing should be sought
through the analysis of movement structures. As
meandering is performed from the basic position of
the high pitched downhill steep slope, drainage of
the upper tail skis sideways to the position of the
wedge follows the position of sloping downhill ,
lowering the center of gravity of the body down and
is preparing for stabbing a stick. The position of the
wedge puts pressure on skier knees to the inside,
followed by stabbing a stick with the same time reflection from the external ski and protrusion of the
body (relief up) which allows the transfer of weight
to the upper ski and performance of turnaround. After striking a balance on the outside ski, skier draws
a internal ski to the position parallel to the outside,
and then starts to descend the body center down
and continues with the same order of actions to the
other side, adding the twists. Turns are connected to
one another in rhythm [5].
The reason why the variables from the coordination have the greatest impact on the criterion is
that skiing is a sport that belongs to the complex
movement structures where the skier during the
riding and performing basic meandering, in the
short time, need to make several complex movements that are described in the previous paragraph,

Table 4. Results of regression analysis - basic meandering (SMOV)
MTAPN
MTAPR
MPZD
MSDM
MBACMED
MTRS20M
MOKRVAZ
MKORSTR
MISKP
R=,96
1644

Beta
-0,06
0,38
0,14
0,71
0,39
0,86
-1,25
-0,73
0,10
RІ=,92

St. Err. of Beta
0,16
0,18
0,23
0,28
0,23
0,26
0,33
0,25
0,20
Adjusted RІ=,72

B
-0,05
0,16
0,10
0,05
0,01
4,80
-0,45
-0,52
0,01
DF1=21

St. Err. of B
0,12
0,08
0,17
0,02
0,00
1,44
0,12
0,18
0,01
DF2=8

t(167)
-0,37
2,09
0,62
2,56
1,71
3,34
-3,76
-2,92
0,52
F=4,47

p-level
0,72
0,07
0,56
0,03
0,13
0,01
0,01
0,02
0,62
p<,02
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and this is the reason why the successful implementation of elements of ski technique requires a
high degree of coordination.
On the other hand, since the transfer of body
weight from one foot to the other, when performing
basic meandering, is made on the basis of reflection from external ski and prostration of the body
(relief up) which allows the transfer of weight to
the top of the ski, and therefore, it is logical that
the skiers with better explosive power of the lower
extremities are more efficient in the performance
of the technical elements of skiing.
Conclusion
In a sample of 43 students from the Faculty of
Sport and Physical Education, performed research
was aimed to determine the influence of motor
abilities on quality of technical elements in alpine
skiing. We used a nine motoric measuring instrument as a set of predictor variables and two measuring instrument for the assessment of acquired
techniques of alpine skiing as a criterion variables.
After the applied statistical procedures, the results of the regression analysis showed a statistically significant effect of the predictor system
variables on the criterion. V shift criterion is affected by one predictor of coordination space (side
steps - MKORST), while the primary meandering criterion variable (SMOV) is affected by four
predictors, two from space of explosive power
(long jump from a place - MSDM and running 20
yards from a standing start - MTRS20M) and two
from the area of coordination (agility in the air MOKRVAZ and side steps - MKORST).
Looking at the results, one can conclude that
the quality of the technical elements of performance in alpine skiing is primarily dependent on a
high level of coordination and explosive power of
the lower extremities.
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Abstract
The countries in transition are going through the
process of decentralization and democratization of
the education systems. This paper analyzes efforts
to decentralize and democratize the education system in Montenegro. The research of the achieved
level of decentralization and democratization of
the education system is presented, as well as the
effects of their implementation on the functioning
and quality of the education process in Montenegro. The results received through practical research
confirmed that the Montenegrin system of education has to base its future development on further
improvement of democratization and decentralization processes in order to increase positive effects
of the implementation of these principles on the
functioning and quality of the education process.
The concluding remarks provide recommendations
and guidelines for further increase of the quality of
the education system functioning through the reinforcement of values and principles defined by the
reform-related documents.
Key words: decentralization; democratization;
system of education; reform;
1. Decentralization of the education system
– different experiences
The importance of organizational structure for
the functioning of every system is indisputable. The
established structure affects the strategic process of
the system, and in the end its strategy[1]. Bower has
pointed out to the evident link by noting that „when
management selects certain form of organization,
it defines not only framework for current activities,
but channels through which strategic information
are transferred“[2]. Therefore, the structure can
motivate or restrain strategic activity. In any case
“if the organizational structure is to be successful
1646

it has to be consistent with the strategy“[3]. Centralization and decentralization are two opposite
dimensions of organizational structure. Both principles, centralization and decentralization, have advantages and disadvantages [4].
As it is known, the second half of the 20th century was characterized by decentralization of the
education systems in all parts of the world [5, 6,
7]. In attempts to explain this trend, equal importance is given to political and economical reasons.
On the basis of experiences in changes of the education systems in various countries, the basic aims
of the process of decentralization of the education
systems come to the following: the availability of
the education system to all categories of citizens
(irrespective of social or economical status, i.e. national, geographic, regional, ethnic, and religious
affiliation), quality education, which implies the
acquiring of adequate level of knowledge by students at all levels of education, and the democratization of the education process in order to ensure
active participation of all relevant and interested
stakeholders in the process of education [8].
The experiences of various countries in the
process of decentralization of the education systems differ. In South East Europe, almost all countries have been directing their education systems
towards a decentralized structure. The reasons for
this change were both political and economic, i.e.
the process of transition, the establishing of the
pluralistic democracy and market economy, and
the overall liberalization of social relations.
Some countries, such as Germany [9], have
transferred significant authorities in the decisionmaking process in education to the regional government level. In the Nordic countries (Finland,
Norway, Sweden) the relatively greatest power of
decision-making is at the municipal level. Holland
has achieved the greatest level of decentralizaVolume 7 / Number 4 / 2012
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tion since the competencies in making decisions
on many issues in the area of education have been
transferred to schools and parents. The countries of
Central and Eastern Europe, which entered the process of overall transition of economy and society
two decades ago, commenced the decentralization
of the education system, too. The only exception
was Hungary, which started the decentralization
process somewhat earlier [10]. On the other hand,
France, Greece and Italy have continued with the
practice of the centralized education process, because the decisions are made at the national level.
Most countries of this region have started to
reform their education systems towards democratic-political or administrative-professional management system. In the former case, the emphasis is on political legitimacy of management and
the important role of the local bodies (especially
in preschool and elementary education), whose
members are selected through the institution of
elections (Bulgaria, Poland and Hungary). In the
latter case of administrative-professional education management system special emphasis is
given to the role of experts, so the decisions are
mainly made by inspectors, and councils for curriculum (Czech Republic and Romania). In some
countries these two models of education transformation are combined or substitute one another,
while some countries started in one direction and
then changed to the other one.
When it comes to Montenegro, it is known that
the education system of Montenegro was being developed in a complex political and economic environment, such as the fall of the former Yugoslavia and state union, the downturn of the economic
development, sanctions and isolation, which was
not a suitable environment for the development of
a sustainable and good quality education system.
The high centralization of the system has resulted
in its inefficiency and non-competitiveness in certain segments comparing to the education systems
of European countries. Problems that unambiguously pointed to the necessity for introduction of
the reform were inadequate organization of the
system, the lack of adequate monitoring and control in various segments of the system, the insufficient level of the quality of education, inadequate
ways of fundraising and distribution of the collected funding, etc. Intensive process of globalizaVolume 7 / Number 4 / 2012

tion, on the other hand, has brought new behavioral rules, which pointed out to the outdatedness
of centralized planning in education. Deregulation
and adoption of more convenient legal provisions
that are flexible and open for changes became necessary for further development of the education
system. The defining of the new educational strategy that will support deregulation and shifting of
responsibilities from central level to lower levels
and further strengthening and affirming of principles of expertise and professional responsibility
became both a task and a challenge. The process
of democratization of educational relations has
opened room for participation of many actors in all
educational changes, from representatives of local
community, citizens, their associations to parents.
Modern society based on knowledge, and the need
for information and new forms of knowledge have
been defined as aims in all the strategic documents
of the education system reform in Montenegro.
Concerning the process of financial decentralization of the education system, experiences
of various countries are different [11, 12, 13]. Although the ways and resources for financing of the
education system in Europe are founded on the
same principles, each state adjusts the financing of
the system to its needs and abilities. Accordingly,
various systems of financing, with different forms
and levels have been developed. For example, in
Western European countries market economy has
influenced the development of public and private
schools, while Eastern European countries had state
ownership and non-market oriented economy. This
has resulted in the centralized way of financing, and
the dynamics of changes in the education system
financing in developing countries was conditioned
by the dynamics of states’ restructuring and the introduction of market economy. Therefore, the decentralization of education financing became more
present in the last few decades. The state owned
schools are to a great extent financed by the State
funds. But, according to the new legal framework
there is a possibility that municipalities, private sector and parents individually or through established
bodies (School and Parent Councils) provide their
contribution in this area. The new principle of participation of all actors is linked to the concept of
market orientation, economy and industry, as well
as the concept of decentralization. Thus, lately,
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significant fundings for education were provided
through sponsorships and donations, and through
additional service provision.
2. Aims, assumptions and principles of
reorganization of the education system
in Montenegro
The unfavorable context for the education system reform process in Montenegro was additionally
aggravated by the different aspects the reform and
its objectives were viewed at. The aims of the education system reorganization process were viewed
from political aspect, while certain individuals had
doubts about its validity and future results.
At that time, the education systems of other
countries were already managed globaly. In Montenegrin education system a modus of balance
between central and local management and political and professional power and responsibility
was searched for. It seemed that a new educational
strategy was supposed to “reconcile” tradition,
new tendencies, and positive solutions of the developed European education systems.
The aims of the education system reorganization in Montenegro presented aligning of Montenegrin education system with the systems of the
developed European countries and its aligning
with the strategic development commitments and
aims of other reforms in Montenegro. Therefore
the aims structure of the education system reorganization, had two levels: societal aims and educational aims [14].
Concerning the principles of the reorganization, apart from the socio-economical changes
and the tendency of globalization, the education
system reorganization in Montenegro based its
theoretical starting points on the Constitution of
Montenegro and on the international documents
such as: UN Universal Declaration of Human
Rights, UN Declaration of the Rights of the Child,
Convention against Discrimination in Education,
UN Convention of the Rights of the Child, Resolution on the European Dimension of Education,
etc. Other principles that changes were based on
included: decentralization of the system, equal
opportunities, making choices on the bases of individual abilities, introduction of European standards, implementation of a quality system, human
1648

resource development, life-long education, flexibility, possibilities of transfer (vertical and horizontal correlation of the system), compatibility of
curricula with the level of education, interculturalization and gradual introduction of changes.
The reform aims implementation required
the fulfilling of certain strategic presuppositions.
Among them, the high quality of learning and
teaching was at the first place, which presupposed
the application of modern teaching methods (in
line with the requirements of methodological pluralism in the teaching process), high-quality teachers, adequately equipped schools, the active role
of parents and cooperation with local community.
The second presupposition concerned the higher
standard of working and learning conditions, enabled through the adequate ratio of the number
of students and teachers, clearly defined teaching
standards, diversification of learning possibilities
and flexible curricula.
The results of the efforts to define a new, reorganized system of education in Montenegro were
a new strategic concept, i.e. the new vision of the
education system, new laws (that shaped the institutional and legal framework of the new system,
on the basis of the adopted strategic concept) and
new curricula for specific subsystems of the education system.
The reform of the education system in Montenegro was implemented in two main phases: a phase
of defining the new education system and a phase
of implementation. The new concept of the education system was built on the general principles of
the European education systems, i.e. the principles
of democracy, autonomy, equal opportunities, decentralization, deregulation, flexibility, depoliticization and the education quality transparency. Furthermore, the strategic plans promoted the methods
of cooperation to be used in achieving the established aims and goals and defined: the main dimensions for the implementation of the reform (the issue of the efficient management and coordination
of activities between institutions responsible for the
reform implementation), starting points for reform
implementation (an important issue for the overall
success of the reform) and the implementation of
the reform at all levels of education (the priorities
for the reform implementation at different levels
of education – preschool, elementary, high school
Volume 7 / Number 4 / 2012
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and university education). The institutional foundation for conceptual solutions defined in the reform
documents was enabled by the new laws in the area
of education and the new curricula. The reorganization was introduced gradually with continuous
monitoring of the introduced changes. Prior to the
implementation phase, certain material and personnel requirements were fulfilled and the financial
resources ensured. The implementation phase extends over a longer period of time and the upgrading of the system is still in progress.
The reform of the education system in Montenegro, which was supported by the new legal
framework, new institutions, advisory bodies
and the adoption of the new curricula, started in
2004/05 school year, in 10% of elementary and
secondary schools. Today, all schools are included
in the reform process, school management has undergone the basic training for the new role, and
the teaching staff have acquired certain skills and
developed some of the required capacities through
various teacher training programs. The evaluation of the reform process results and its effects is
planned for the year 2013.
3. Reformed structure of Montenegrin education system organization with special
emphasis on administrative, financial
and curricular decentralization
The old system of education in Montenegro
required deregulation of the system, the transfer
of responsibilities from central level and the establishment of new institutions, which were given
expert and professional responsibility for the implementation of the activities in their domain. The
redistribution of responsibilities led to the change
of the structure within the system, which is seen,
first of all, in the institutional decentralization of
the education system, with middle range value of
authority dispersion.
The new strategic directions for the development of the education system in Montenegro have
brought significant changes in the structure of the
education system. At the moment of the introduction of changes the functional structure of the Ministry of Education and Science concentrated all the
authorities at the very top level. Through the reform of the system the Ministry has changed its
Volume 7 / Number 4 / 2012

structure in different ways and at different levels.
The widening of structure was achieved through
the distribution of the responsibilities to the newly
established organizational units (sectors, departments) within the Ministry, and to completely
new institutions in the education system that were
given authorities in particular areas. The Ministry, as the central institution, has kept the role
of the educational policy creator but the responsibility for operational tasks was transferred to
the newly projected institutions. The Bureau for
Educational Services received an advisory function, through monitoring, enhancement and evaluation of the reform processes, while the control
function remained with the Ministry. The Centre
for Vocational Education received responsibilities related to research, development and advisory
support to the implementation of vocational and
adult education. The Examination Centre received
responsibilities related to the external assessment
of knowledge, research, and the quality control
of the education system in comparison to international standards in education.
Furthermore, the system became open towards
social partners and became not only a decentralized but also a democratized system in which stakeholders can actively participate. One of the central
activities of the reform was development of new
curricula for all levels of education. The novelty
brought by the reform in this respect was that the
curriculum, in general terms, was defined at the national level (with aim based approach), while the
local level was given a possibility to define up to
20% of the curricula content. In that respect, the so
called curricular decentralization was carried out,
providing social partners with possibility for participation in curricula development [15].
In respect to financial decentralization, each
newly established institution received its own budget, annually planned and managed independently.
The Ministry, in this area, has a coordinating role
and organizes the planning process and reporting
towards the Government, which approves financial plans and reports. With the adoption of the
General Law on Education in 2005, it was defined
that the newly established system was financed by
the public funds, founders’ funds, school fees in
private institutions, fees paid by parents, incomes
from property (rent), income from service provi1649
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sion, donations, sponsorships, and other sources.
However, the transfer of the financial responsibilities to some degree to local self-government, as
recommended but not stipulated by the legal regulations, did not happen in practice. Therefore, it
can be concluded that the financing of the education system is still dominantly central.
4. Practical research of the level of implementation and level of effects of decentralization and democratization processes in education system in Montenegro
The subject of the conducted practical research
was the reform process of the education system
in Montenegro viewed through the prism of decentralization and democratization. The aim of
the practical research was to assess the achieved
level of decentralization and democratization of
the education system and the effects of the decentralization and democratization process on the
functioning and quality of the education system in
Montenegro. On the basis of the defined aims, the
following hypotheses were formulated and tested
during the practical research:
H1: The principles of decentralization and democratization were implemented in practice in the
education system of Montenegro.
H2: The effects of the implementation of decentralization and democratization principles in
the education system of Montenegro have lead to
the improving of the functioning and quality of the
education process.
The research was conducted in state institutions, which were the main and direct implementers of the education system reform process in
Montenegro, and those were: the Ministry of Education and Sport, the Ministry of Science, the Examination Centre, the Centre for Vocational Education, and the Bureau for Educational Services.
The research used the questionnaire method, on a
sample of 70% of the total number of employees
that were directly involved in the implementation
of the reform solutions. The characteristic results
of the research are presented in the following text.
Around 70% of the total number of the respondents confirmed that the level of the formal implementation of decentralization and democratization
principles in the education system of Montenegro,
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established in the strategic documents through
clearly defined responsibilities of specific educational institutions, is relatively high. This research
finding confirmed the existence of an all-round
formal legal framework for the implementation of
the education system reform process in Montenegro, which is also one of the presuppositions for
its practical operationalization.
By interpreting and percepting the distribution
of the responsibilities, over half of the respondents
believe that the responsibility for the implementation of the aims set by the reform was distributed
to all institutions that have leading implementers
roles in the reform processes. However, a significant third of the respondents (30%) perceive the
responsibility for the implementation of the set
aims solely as the responsibility of the umbrella
institution (the Ministry), which points out to the
revival of the former system in which the responsibility was concentrated at the top of the system
and as such was highly accepted. Still, the dispersion of replies received in the research has shown
that the majority of the respondents confirm the
real dispersion of responsibilities between institutions, which was one of the basic concepts of the
system reform, aimed at the improvement of the
quality of the processes within it.
It is encouraging that about half of the respondents expressed opinion that the processes of decision-making and acting start at all institutional
levels (53%), while only 28% of the respondents
think that the process is still initiated only at the
Ministry level. This dispersion of answers indicates that during the formal distribution of responsibilities, the system has obviously experienced its
real decentralization (within which was sought a
balance between the autonomy of certain institutions and control maintaining by the umbrella institution), as well as that the responsibilities transferred to lower level management of individual
institutions are still limited.
From the point of view of an individual and
individual responsibility previously expressed attitudes at the level of the system as a whole were partially confirmed. More than half of the respondents
believe that their job descriptions were redefined
through the distribution of responsibilities, which
was part of the reform solutions, or that they had
besides the existing tasks, received additional ones.
Volume 7 / Number 4 / 2012
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On the other hand, around one third of the respondents believe that their responsibility has increased,
but that their authority has not. These research findings indicate that changes in terms of additional
responsibility, and partly in terms of additional authority, have definitely occurred at the individual
position level. However, it is obvious that different
practice exists at the level of various institutions in
terms of lower or higher degree of decentralization
i.e. retaining or transferring of authority and responsibility to lower levels by the leading structures.
It is indicative that respondents unambiguously confirmed the formal implementation of
the decentralization principle, but that they questioned its practical application. Namely, according
to more than half of the respondents, the level of
transferred responsibilities and authorities is low
in practice, which provides the basis for a presumption that within the system, exists in parallel
a strong non-formal structure with dominant characteristics of a centralized structure.
The research confirmed relatively good or
good internal communication and coordination
within the subsystem (at individual institutions)
in significant percentage, by around 90% of the
respondents. However, communication in the system (between individual institutions) was rated as
partially good or good by 73% of the respondents,
while 20% of the respondents rated this communication as bad. Also, a significant percentage, 62%
of the respondents believed that the synergetic activity in the system was present only partially, and
17% believed that it did not exist at all. These attitudes undoubtedly indicate to the higher organizational efficiency within individual institutions,
and to the lower interconnectedness of the whole
system, which obviously “suffers” from inconsistent adherence to the solutions defined by the decentralization principle.
Previously expressed attitudes concerning the
weak interconnectedness of the system as a whole
was also confirmed by the attitude concerning the
application of the informational technology for the
purpose of linking individual institutions with other
actors in the system. Namely, the majority of the
respondents (over 95%) confirm that informational
technology is used for the purposes of functioning
and linking of elements within individual systems
(institutions). However, facilities that technically
Volume 7 / Number 4 / 2012

link subsystems themselves are mainly in use, such
as: internal IT networks or databases, institution
web-sites and web-portals. Thus, it is a fact that
institutions are relatively well equipped with informatical technology assets, but more work needs to
be done on its application to the whole system since
the system network enabling access to information
and monitoring of results is not developed.
The process of strategic decision-making in
the system of education in Montenegro is rated in
a way that around ¼ of the respondents believe
that decisions are made solely as answers to already existing problems, the other ¼ of the surveyed believe that they are made proactively (as
a search for possibilities of further improvement
of the education system), while the rest of the respondents confirm that both principles are applied
in the process of strategic decision-making. This,
obviously, points out the fact that some strategic
decisions are results of the standardized process of
decision-making, while some are results of the internal political processes, which additionally confirms the attitude that the structural type of professional bureaucracy dominates the whole system,
while dimension of formalization of relations is
dominant in individual institutions.
Working atmosphere was characterized in the
research by 63% of the respondents as cooperation, individual work by 17% of the respondents,
exchange of information by 14% of the respondents, and the rest saw it as a control. Everything
shows that communication has only indications
of formalization and that emphasis is put more on
coordination than on control. In any case, the level
of formalization present in the education system
should correspond to the level of professionalism,
so that formalization within the system would not
endanger professional autonomy that individual
institutions were given through distribution of
responsibilities, which was not completely confirmed by the research.
The analysis at the level of an individual shows
that the level of formalization is recognized in the
fact that over half of the respondents confirmed
regular use of reporting to inform supervisors
about the results of their activities, while the other
part of the respondents asked prior approval from
their superiors for the implementation of the activities (from strategic or annual action plan) or
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informed superiors about the next steps when
performing work activities. This opinion was also
confirmed through a control question, where over
60% of the respondents said that individual planning and decision-making was only partly integral
part of their work.
According to the opinion of over 75% of the respondents, the capacity for the implementation of
the reform process is partly developed at the level
of the individual institutions. In that regard, around
60% of the respondents believed they had received
enough training to acquire the skills needed for
the implementation of the system reform, which is
partly questioned by previously expressed attitude
concerning capacity development.
It is certain that the level of capacity development is maintained through the level of participation of the respondents in the development of the
strategic documents, which was rated as sufficient
by only 38% of the respondents, while the influence
on the defining of the work plans was rated as sufficient by 42% of the respondents. So, it is obvious
that participative management, that strengthens the
autonomy of lower level management, exists in the
system as a consequence of decentralization process. But, since the level of employee participation
in defining and implementation of strategic activities is not high, it can be concluded that the level
of decentralization of the system in practice is not
satisfactory and should be enhanced.
Taking into consideration the attitude of the
respondents that their participation in decisionmaking related to their own work is only partial,
it can be concluded that the level of the authority is low, i.e. the level of hierarchical authority
is high. The level of the training provided, which
was rated as satisfactory, indicates a high level of
specialization within a complex structure, as well
as the availability of specialized skills needed for
the implementation of special tasks, which should
result in an increased level of participation in decision-making. However, the research showed that
in most cases the higher positions staff attended
the training programs, which also confirms that
the idea of work self-control by high professionals
is not implemented fully in practice. All of this
confirms that a formalized structure still exists and
limits a wider autonomy and participation in the
shaping of the educational policy.
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The research on the flow of information showed
that significant 33% of the respondents believed
that the flow of information in the education system in Montenegro was still directed from the
Ministry to the institutions (“top – down”), 25%
believed that the flow of information depended on
a specific situation, while the rest of the respondents thought that the flow of information was
“equally going top-down and bottom-up”. So, it
is obvious that decentralization principle has, to a
certain extent, taken root in practice, but it needs
to be further improved.
Opposite to the research on the decentralization
process, the research on democratization principle
showed that it had not been established to a significant degree. Namely, almost 80% of the respondents
believed that the participation of other actors in the
education system (local municipality, local community, business sector, parents) was at low level. The
respondents were of the opinion that all the stakeholders needed to be additionally animated for stronger participation in the education system through
legal measures. According to the respondents’ opinion, legal regulations could define obligatory participation of local communities in the financing of
the education system at their territory, or previous
legal regulations, dealing with school boards could
be reintroduced in order to increase participation of
local actors in decision-making process.
From a systemic perspective, only 3% of the
respondents believed that the reform was implemented smoothly, according to defined directions,
35% of the respondents believed it was implemented according to defined directions, but with certain
resistance, 26% of the respondents believed that
certain changes had happened during the implementation of the reform, with or without resistance,
while according to 18% of the respondents changes
occurred with or without consultations with individual institutions. Therefore, it is obvious that the
reform is implemented with certain resistance to the
processes and further efforts need to be undertaken
to ensure its true acceptance by the implementers.
A very important part of the research dealt with
the assessment of the effects of decentralization
and democratization principles implementation
during the system reform process. In that respect,
the research showed that 63% of the respondents
believed that the implementation of the strategic
Volume 7 / Number 4 / 2012
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activities had increased the education system efficiency and 69% of the respondents believed
that the quality of the education process had improved, too. The capacity level of all actors was
improved through the training programs according to 77% of the respondents, while 62% of the
respondents believed that individual responsibility for the implementation of the education policy
during the reform process, was increased. These
attitudes indicate that the reform process, viewed
through the findings of this research, was successful to a significant degree. However, it is obvious
that the research has indicated better effects of
decentralization and democratization principles
implementation from the expected ones. The risk
of such results was present from the very beginning of the research, considering that the research
target group consisted of the reform process implementers. Therefore, the research has obviously
shown a certain conflict between the attitudes of
the respondents related to the implementation of
decentralization and democratization principles in
practice, and the assessment of the effects of their
implementation. In that sense, there is room for reserve concerning this part of the research findings.
As weak points of the reformed system, the respondents named the low level of the collective
awareness of decentralization and democratization
principles, by which they expressed the necessity
for further development of the existing capacities.
The process of the implementation was, according to them, made more difficult by poor material
and technological conditions, which were preconditions for a full implementation of a decentralized system. The respondents have also identified
the lack of consistency in the implementation of
the principles defined by the strategic documents,
which influenced the level of actors’ motivation
for the process of the reform implementation. On
the other hand, the respondents have clearly recognized the real and potential positive aspects of
the reformed education system, such as: depoliticization, greater autonomy of all actors in education, increased level of the capacity to take over
responsibilities, increased institutional capacities,
increased efficiency of the system, etc.
On the basis of the research subject, it can be
stated that the research hypothesis we set were
only partially confirmed:
Volume 7 / Number 4 / 2012

The testing of the hypothesis H1 during the research, has lead to conclusion that the principles
of decentralization and democratization in the education system of Montenegro were implemented
in practice to a certain extent, but not completely
(in comparison to what was defined in the strategic documents of the reform), and, therefore, in
the forthcoming period room should be made for
their further implementation.
The testing of the hypothesis H2 during the
research has indicated that the effects of decentralization and democratization principles implementation in the education system of Montenegro
are a certain improvement of the functioning and
quality of the education process, but that in the
forthcoming period more work needs to be done
on fuller implementation of both principles, aiming at quality increase of the education process.
5. Conclusion
The redistribution of responsibilities defined
through decentralization and democratization
principles within the strategic documents of the
reform process of the education system in Montenegro implied modern, efficient, professional and
responsible administration, with clear division of
responsibilities and work transparency. Through
the reform process new institutions and bodies
were established, which were supposed to exert in
practice the allocated authorities and responsibilities, and, thus, ensure a true decentralization of the
system. As it was stated earlier, the formal decentralization of the education system in Montenegro
was implemented successfully.
In order for decentralization to have desirable
democratic effects, and to improve the true nature of the system, it was of utmost importance to
avoid formal transfer of duties and responsibilities
from central to lower level, but, instead, to secure
its true realization in practice. As this request was
not fully implemented in practice, the implementation of democratization principle remained low
in practice, which had negative impact on the level
of curricular and financial decentralization of the
education system in Montenegro.
In that sense, we recommend to advance the
system towards the levels of decentralization and
democratization originally defined in the strategic
1653
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documents, in order to improve the interconnectedness of the system through proper application of
all resources. We believe that the system of education should base its further development on fuller
implementation of both principles, as there is no
alternative to them. Real support to decentralization and democratization of the system should be
reconfirmed over and over again, at political level,
too, so that the umbrella institutions would be able
to fully implement the defined policy.
As one of the most important characteristics of
the education system is its capability and necessity
for continual adaptation to the needs of the contemporary society, further changes in the education system in Montenegro are expected in order to ensure
its better functioning and improved quality.
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Abstract
High level of competition sets new goals to institutions of higher education connected to new reality
of students as service users, so there is a need to create adequate enrollment management. This concept
includes different marketing activities oriented towards forming strategy of attracting and withholding as great number of new students as possible.
Analyses in this paper are related to reveal factors
that have the most important influence on decision
making about enrollment and to point to elements
university institutions should pay attention to as
to formulate their adequate marketing activities.
Investigations were performed using survey techniques applied to a sample of four-class high school
in the town of Sombor, Serbia. The survey consists
of 36 open or closed questions connected to marketing activities, influence of referent groups on attitude formation, equipment and curricula of faculties. Likert’s scale was used along with Cronbach’s
alpha coefficient to measure reliability. Main component analysis was applied to measure interdependences; mutually correlated variables were grouped
into seven elements, like offer of the faculties, service environment and image, social networking, influence of parents and the media, promotion activities, prices and influence of friends. The first three
factors were found as most important.
Key words: marketing in education, enrollment
management, survey technique, factor analysis
1. Introduction
Under the conditions of sharp competition universities have to justify their existence offering services that emphasize quality in comparison with
other participants on the market of education. Often
some high school institutions work on the margins
and could be subject of closing due to weak market
position [15]. All of the university personnel should
be aware of the importance of introducing market
Volume 7 / Number 4 / 2012

orientation in their business. Students not only evaluate activities of the teachers but also the attitude of
the whole staff, demanding quality service and adequate prices. Therefore faculties should create an
appropriate enrollment and management strategy.
One of the most important missions of a university
is maintaining this strategy that has four levels: recruiting, enrollment, retention and graduating [15].
The formulation of an enrollment strategy is based
on the analysis of factors determining students’ decision to choose a faculty for future studying. In accordance, every university institution should create
a specific concept of its marketing mix appropriate
to future plans.
2. Factors determining faculty choice
There are several recent different investigations
in the topics of determining factors influencing
faculty choice. Chapman [3] and Cubillo, Sanchez
& Cervino [6] formed theoretical models, which
integrate various factors of choice. Chapman’s
model included characteristics and status of students, personal influences, faculty characteristics
and communication between faculty and students;
this model separates faculty decisions about enrollment based on students’ quality and student’s
decision based on faculty worth. The second
model deals with international mobility, so besides personal reasons, institution image and programme evaluation, country image effect and city
image was included as well. Other authors calculated and assigned ranks to importance of faculty
characteristics set by potential students. Cook &
Zallocco [5] formed a questionnaire with 18 characteristics with 7 levels (from not important at all
to very important) and from the results concluded
that the most important are the academic reputation of a faculty, adequate curricula and good location but the influence of friends attending the
same faculty showed to be less important. Hoyt &
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Brown [8] have 32 variables, and of that number
the most significant were appropriate programs,
quality of curricula and the type of the institution,
but the influence of parents was not essential. Price
et al. [18] found the most important factors were
programs, computers, library and reputation of
the teaching staff. There are several examples of
factorial analysis applied to this problem. Kallio
[12] reviewed 31 variables and isolated four factors: academic, work, spouse and social. Mazzarol
[16] found four factors: promotion and recruit-

ment, image and resources, people and culture and
coalition and forward integration. Hagel & Shaw
[7] pointed out five factors: reputation, accessibility, study mode flexibility, costs of attendance
and campus activity. Other studies connected investigations in determining factors of enrollment
to marketing mix instruments. E.g. Maringe [14]
concluded that product, price and people are most
relevant but promotion, place, process and physical evidence are not so important and Ivy [9] summarized elements into seven factors, majors being

Table 1. Structure of the sample – gender, origin and habitation

Urban

Rural

With
parents,
same town

With
parents,
other town

Students’
dormitory

Rented
room

Habitation

Female

Number
Percentage

Origin

Male

Gender

Total

111
29.8

261
70.2

207
55.6

165
44.4

162
43.5

162
43.5

33
8.9

15
4.0

372
100.0

Table 2. Structure of the sample – average grades
Percentage

Number

Percentage

Number

Percentage

Fourth class

Number

Third class

Percentage

D
C
B
A
Total

Second class

Number

First class

3
75
193
101
372

0.8
20.2
51.9
27.2
100.0

4
77
162
129
372

1.1
20.7
43.5
34.7
100.0

5
63
150
154
372

1.3
16.9
40.3
41.4
100.0

5
52
136
179
372

1.3
14.0
36.6
48.1
100.0

Table 3. Structure of the sample – family and household data
Number
of family
members

Percentage

Number

Percentage

Number

Percentage

Finished faculty

Number

Finished high school

Percentage

Number of employed

Number

Household size

0
1
2
3
4
5
6
7
8
Total

0
1
18
62
166
97
23
4
1
372

0.0
0.3
4.8
16.7
44.6
26.1
6.2
1.1
0.3
100.0

30
155
166
15
6
0
0
0
0
372

8.1
41.7
44.6
4.0
1.6
0.0
0.0
0.0
0.0
100.0

12
91
147
84
33
5
0
0
0
372

3.2
24.5
39.5
22.6
8.9
1.3
0.0
0.0
0.0
100.0

224
99
40
7
1
1
0
0
0
372

60.2
26.6
10.8
1.9
0.3
0.3
0.0
0.0
0.0
100.0

1656

Volume 7 / Number 4 / 2012

technics technologies education management

program, prominence and price, while additional
campus activities were not significant.
3. Goals of analysis and the sample
The main investigation presented in this paper
is to find out factors determining faculty choice
made by high school graduates, to put them into
order by their importance and to give support to
university institutions in formulating marketing
strategies to attract students.
Five quadrennial high schools of the Sombor
municipality were chosen by random sampling
to form the investigation sample, with the total
of 372 graduates. Investigation was performed in
the last week of the current school year, namely in
May 2011. The basic structural data on graduates
are given in the following tables.
Of all the examinees 73.1% intend to continue
their education at university level, 11.6% did not
decide yet and 15.4% will not attend any school
any more. Out of this last category the main reason
for not continuing education is poor financial situation of the family (42.1%), the next is low grades
(21.1%) and this is followed by personal reasons,
marriage and employment. Of special interest is the
future location of studies for these graduates: their
home town Sombor is smaller (49,000 inhabitants),
but young people are characteristically attracted
by bigger cities. So, the majority of the examinees
(68.8%), wish to continue their education in Novi
Sad (capital of Vojvodina Autonomous Province
with 242,000 inhabitants), Belgrade (capital of
Serbia, 1.7 million inhabitants) follows (16.2%),
then Sombor (7.3%) and Subotica (5.7%, 100,000
inhabitants); a small number intend to study abroad
(1.9%). It is a disappointing fact that lots of future
students do not have information about their future studies; they have not visited educational fares
(79.4%), have not and shall not take part in preparatory education for enrollment (50,2%), have not
and shall not visit the so called “open-door-days”
organized to inform future students.
4. Methods and techniques of analysis
Data and facts were collected asking for written
answers in non-standard questionnaires consisting
of open and closed form of questions. Also data
Volume 7 / Number 4 / 2012

about geographical and social status characteristics were given. The questionnaire had 36 questions related to marketing tools used by university
institutions, their curricula and equipment, and influence of referent groups onto forming students’
attitudes. In every question the five-grade Likert
scale was used, and the reliability was checked using Cronbach’s Alpha. According to literature [9]
Alpha value over 0.7 is acceptable and over 0.8
is good; in this investigation we found results to
be reliable for Alpha equals 0.955. Also we performed “item-to-total” correlation and concluded
our elements are mutually internally consistent.
Using Kaiser-Meyer-Olkin (KMO) measure
of sampling adequacy tests and Bartlett’s Chisquare test, data are verified if they could be subject of factorial analysis; in this analysis the value
of KMO is 0.938 exceeding the needed minimum
of 0.6 [10], [11] and the significance of Chi-square
test is less than 0.05; from both of tests we inferred
that the factorial analysis is justified. Factor analysis with extraction method of principal component analysis as an eigenvector-based multivariate
technique was used to complete orthogonal transformation of correlated observations into a set of
uncorrelated variables-factors. The first factor has
the highest variance and the succeeding factors
have less and less variances. Eigen-values valued
over 1 were used to identify factors to be created
[17], [1]. After factors were created, they were rotated using Oblimin Rotation with Kaiser Normalization. Applying this method a lower number of
variables is deduced through grouping variables
by their significance, so proposals could be given
to use the most important marketing tools to attain
better position on the educational market.
5. Results and discussion
Factor analysis with principal component extraction and with Oblimin rotation discovered
seven factors with Eigen-values over the value
of 1, which together explains 67.57% of the total
variance. The next table presents factor loadings,
eigen-values and common variances and the consequent table shows factor score coefficients.
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Table 4. Mean, Standard deviations and Factor loadings
Variable
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

1658

Kind personnel
Modern curricula
Personal interests
Faculty Web site
Computer laboratory
Modern technology
Students’ dormitory
Faculty interior
First impression when visiting
Amphitheater
Parking
Tradition
Modern institution
Facebook group
Information from Facebook
Facebook page
Administrators of Facebook
Influence of the parents
Influence of the media
Information from parents
Information from media
Family members
Interesting promotion
Efficient promotion
Educational fair
Flyers
Scholarship
Importance of the scholarship
Budget
Town
Influence from friends
Information from students
Influence from students
Information from friends
Friends in the same town
External department
Eigen-values
% of Common Variance
% of Cumulative Variance
Cronbach’s Alpha

Mean St.dev.
3.54
3.35
3.33
3.28
3.24
3.23
2.99
2.65
2.56
2.56
2.44
2.34
2.32
2.26
2.18
1.98
1.97
1.95
1.92
1.91
1.85
1.80
1.75
1.75
1.74
1.66
1.65
1.60
1.57
1.56
1.47
1.44
1.44
1.41
1.39
1.24
3.54
3.35
3.33
3.28

A1

A2

A3

A4

.645
1.93
.053 -.093 .133
.639
1.86
.076 -.172 .032
.595
1.85
.121 -.114 -.074
.593
1.85
.096 -.237 .054
.585
1.84
.033 -.102 .201
.549
1.84
.050 -.121 .187
.535
1.73
.098 -.031 .034
.894 -.037 .070
1.93
.030
.892 -.019 .025
1.75
.016
1.84 -.033 .872
.016 -.068
1.95 -.211 .844 -.005 -.060
.585 -.007 .135
1.68
.234
.537 -.045 .087
1.62
.216
1.72
.030 -.039 -.972 .007
1.64 -.036 .020 -.951 .000
1.62
.090 -.020 -.912 .015
1.92 -.050 .062 -.876 -.070
.720
1.53 -.057 -.028 .017
1.52 -.174 .034 -.067 .678
.674
1.90
.276
.016
.065
1.62
.098
.082 -.174 .552
.472
1.86 -.015 .138
.000
1.89
.027 -.023 .021
.042
1.52 -.145 -.045 -.158 .170
1.63
.026
.121 -.052 -.043
.303
1.62
.173 -.127 .078
1.57
.026
.104
.011
.040
1.82
.103
.110
.058
.037
1.31
.242 -.084 .005
.122
1.50
.207 -.037 -.174 .071
1.31 -.149 -.011 -.123 .266
.411
1.74
.111
.010
.107
1.26 -.018 .084 -.015 .324
.441
1.12
.049
.005 -.022
1.13 -.081 .084 -.199 .021
1.05 -.018 .019 -.079 -.061
1.93 14.181 2.541 2.263 1.865
1.86 39.391 7.058 6.286 5.182
1.85 39.391 46.448 52.734 57.915
1.85 0.939 0.896 0.944 0.754

A5

A6

A7

-.070
-.114
-.016
-.018
-.030
-.104
-.036
.050
.054
-.059
-.065
.002
-.030
.009
-.012
.013
-.085
-.131
-.021
-.110
.090
-.086
-.912
-.736
-.604
-.499

.146
.104
.278
.128
.220
.177
.411

-.031
-.020
-.106
-.052
.003
.028
-.042
.040
.010
-.094
.000
.049
.050
.025
.012
-.012
.012
-.068
-.179
.062
.086
-.115
.104
.077
-.223
-.012
.055
-.070
-.008
-.178
-.621
-.567
-.544
-.516
-.444
-.346

-.090
-.109
.030
.010
.014
-.008
-.035
-.188
.020
-.303
1.335
3.707
61.622
0.809

-.094
-.039
-.043
.115
.111
.069
-.067
-.038
-.045
-.012
.080
.094
-.125
.142
-.032
.028
.141
-.055
-.178
.766
.672
.652
.424
.188
-.167
.024
-.080
.337
.269
1.122
3.118
64.740
0.806

1.019
2.831
67.571
0.803
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Table 5. Factor score coefficients
Variable

F1

F2

F3

F4

F5

F6

1

Kind personnel

.802

.400

-.439

.483

-.376

.455

2

Modern curricula

.791

.421

-.495

.411

-.410

.415

3

Personal interests

.768

.438

-.538

.428

-.358

.445

4

Faculty website

.768

.380

-.443

.528

-.349

.515

5

Computer laboratory

.751

.422

-.449

.339

-.320

.527

6

Modern technology

.739

.398

-.462

.517

-.406

.477

7

Students’ dormitory

.728

.405

-.409

.428

-.335

.636

8

faculty interior

.890

-.339

.325

9

First impression when visiting

.882

-.328

10

Amphitheater

.871

-.313

-.353

11

Parking

.809

-.301

-.324

12

Tradition

.488

.716

-.364

.434

-.330

13

Modern institution

.446

.663

-.362

.371

-.328

14

Facebook group

.357

-.937

-.378

15

Information from Facebook

.311

-.936

-.352

16

Facebook page

.343

-.920

17

Administrators of Facebook

.375

-.888

18

Influence of the parents

19

Influence of the media

20

Information form parents

.465

21

Information from media

.367

22

Family members

23

Interesting promotion

24

Efficient promotion

25

Educational fair

26

Flyers

27

.357

.309
.336

-.325
-.395

-.337
-.308

.348

-.365
-.413

.783

-.398

.351

-.335

.750

-.336

.361

-.422

.728

-.354

.656

.399
-.329

-.337

.342

-.893

.300

-.469

.445

-.818

.402

-.375

.495

.485

-.452

.399

-.678

Scholarship

.312

.309

-.328

.364

-.305

.814

28

Importance of the scholarship

.375

.341

-.316

.389

-.340

.765

29

Budget

.447

30

Town

.433

31

Influence from friends

32

Information from students

33

Influence from students

.539

.397

34

Information from friends

.569

.373

35

Friends in the same town

.332

36

External department

.362

-.313

-.312

.569
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.346

.305

F7

-.319
.350

-.712

-.424

-.323

.395

.743

-.434

.385

.605

-.384

-.383

.511

-.315

.433

-.753

-.312

.547

-.348

.304

-.689

.406

-.311

-.668

-.332

.347

-.437

-.640

-.439

.338

-.367

-.478

.516

-.595

.432

-.507
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The obtained results are in accordance with
numerous other investigations [3], [5], [12], [16],
[18], [4], [6], [13], [14], [9], [7]. Seven principal
components represent factors influencing decision
making by high school graduates when choosing
which studies to enroll. These factors are similar
to seven tools of marketing mix.
The first factor consists of Kind personnel (all
the faculty staff, teachers, student service and librarians), Modern curricula (including temporary
knowledge, offering good employability), Personal
interests (showing independency of young people
in creating their own future), Faculty website (to
give sufficient information to future and existing
students), Computer laboratory and Modern technology and Students’ dormitory. These factors together represent “FACULTY OFFER” to students.
The second factor comprises six variables:
Faculty interior, First impression when visiting,
Amphitheater, Parking, Tradition and Modern institution. This factor holds a duality, on one side
students prefer institutions with reliable tradition,
and on the other side they expect contemporary
outlook and services in accordance with modern trends and European standards, representing
“SERVICE ENVIRONMENT AND IMAGE”.
The third factor represents variables reflecting
information gathered through social networking:
Facebook group, Information from Facebook,
Facebook page and Administrators of Facebook.
Of special interest is the administrator of the Facebook for giving valuable true information to existing and future students in time. This factor is
named “SOCIAL NETWORKING”.
Influence of parents, Influence of the media, Information from parents, Information from the media and family members belong to the fourth factor. Parents could either influence directly graduates’ decision or only give information. Of special
interest is the fact if some family members have
already finished a specific faculty. This group of
variables is named “INFLUENCE OF FAMILY
AND THE MEDIA”.
The fifth factor consists of Interesting promotion, Efficient promotion, Educational fair and
Flyers. This factor points to the necessity of well
organized appearance of faculties to attract future
students. One part of the variance of the variable
“Flyers” is present also in the first factor mean1660

ing that students usually find information through
flyers and later they make direct contacts with the
faculty. This factor is similar to a well known marketing mix tool called “PROMOTION”.
The sixth factor includes Adequate scholarship,
Importance of the scholarship, Budget and Town.
All these are connected to the material status of
the students acquiring lower scholarship, possibility of getting budgetary position at the faculty
and costs of living in a specific town. This factor
is also in compliance with a marketing mix tool,
which could be named “PRICE”.
The seventh factor represents the importance
of influence and information from friends and existing students of different faculties. To this factor belong Influence of friends, Information from
students, Influence of students, Information from
friends, Friends in the town graduate intends to
study in, and existence of External department
of the faculty. Information from friends and students appear with one part of the variance in the
first factor as well, that means these information
are as important as those received from the faculty itself. This factor is called “INFLUENCE OF
FRIENDS”.
The given factor structure is subject to examination of importance of every single factor in
making choice of a faculty by high school graduates. This analysis is performed applying mean
values (m) and standard deviations (s). The first
three factors are emphasized for their higher mean
values. The first place belongs to the first factor
“FACULTY OFFER” with m=3.28, at the second
place is the sixth factor “PRICE” with m=2.45
and the third highest value is for the second factor “SERVICE ENVIRONMENT AND IMAGE”
with m=2.03. The next four places belong to the
third factor “SOCIAL NETWORKING” m=1.80,
to the fifth factor “PROMOTION” m=1.73, to the
fourth factor “INFLUENCE OF FAMILY AND
THE MEDIA” m=1.68 and the last is the seventh
factor “INFLUENCE OF FRIENDS” m=1.66.
In Picture 1 a graph is shown representing the
importance of factors in faculty choice based on
mean values.
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Picture 1. Importance of factors in faculty selection
In our analysis the most important factor for
choice of the faculty made by high school graduates i.e. future students is “Faculty offer” that coincides with marketing mix tool “Product”. This
finding is present in several recent studies [8],
[18], [14], [15], [9]. Personal interests is the most
important in the context of this factor; the same
is in [6] where authors under this variable mean
Enhance career prospects, Future job prospects
and Higher status. For authors of [13] and [9] this
factor is called “Programme” and it consists of
Availability of major/ program of study and Quality of program in intended major. Price et al. [18]
quoted 15 variables and the most important was
the course the student wanted, followed by Availability of computers and Quality of library facilities; these two last variables coincide with variables from our factor “Faculty offer”.
The second most important factor in our study
is “Price”. Similar factor is found in [13], [14],
[9]; the authors point out that here belong not only
direct scholarship but flexibility of payment, travel
costs (connected to distance from home), accommodation, additional costs of getting better marks,
opportunities for part-time work etc. as well.
The third factor is “Service environment and
image”. This factor is also highly quoted in several studies, like [5], [12], [16], [8], [18], [13],
[9], [7]. From these we can quote used variables
like Excellent academic reputation, Institution’s
academic reputation, Image and resources, Level
of market profile or recognition, Reputation for
quality, Overall reputation of school and Good
teaching reputation. On the other hand, this factor
also includes variables connected to the Interior of
the faculty, Amphitheaters, Parking and outlook,
which showed not to be so important in several
Volume 7 / Number 4 / 2012

studies, e.g. [14], [9] and [18], but they are of
some importance for female student population. In
other studies, for example [5] and [18], to Service
environment belong some significant variables
like Excellent physical facilities, Availability of
“quiet” area and Availability of group work areas.
The importance of “Social networking” and
“Promotion” is relatively low in our study. Promotion is not significant in several other studies either,
like [16], [13], [14] and [9] and this appears to be a
consequence of the applied traditional techniques.
On the other hand Social networking through Facebook is very attractive for future students, and there
are good examples of well organized networks at
some Serbian faculties (e.g. Faculty of technical
sciences and Faculty of natural and mathematical
sciences of University of Novi Sad).
“Influence of family and the media” and “Influence of friends” are factors with the lowest importance. The variables of influence belonging
here are sorted by importance to parents, students,
friends and the media. On the contrary, majority
of information is obtained from friends, students
and the media and less from parents. Several studies ([3] and [4]) justify this finding quoting influence of parents on forming expectations of future students, while special attention is given to
the faculty one of the parents has finished earlier,
then very attractive is a faculty for any graduate if
some of his/her friends attends it. In [5] the importance of this factor, consisting of Family influence
and College attendance plans of my high school
friends is low and is on the last place of all the factors. Similarly, in [8] variables Friends attending
school there and Parents felt it was the best choice
were less important than others.
6. Conclusion remarks
Because of sharp competition on the educational market, there are new tasks given to university
institutions. To take students as active participant
in this market, to promote adequate marketing and
promotion activities and to introduce quality enrollment policy is a widely accepted concept by
universities. To formulate as good strategy of attracting and withholding students as possible, a
well created investigation about attitudes of future
and existing students is needed, while influential
1661
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factors of choosing the specific faculty could be
revealed. On the basis of analysis performed in
this paper seven factors determining faculty selection were found. The most important factors were
Faculty offer, Price and Image. The importance of
contemporary programmes offering good employability to students is evident for they are personally interested in the creation of their own future.
Besides that we found that the kindness of personnel of the institution is also very important in the
scope of the image of the faculty. Less important
are the traditional ways of promotion, but nowadays electronic media and Facebook are inevitable
and have great impact on the future decisions of
the graduates. It is an interesting fact that future
students get less information from their parents,
who on the other hand have powerful influence on
decision making. One can conclude that the marketing efforts of faculties should be oriented towards the parents of future students, giving them
more valuable information as to be able to correctly advise their children. Times are changing, and
new generations have new attitudes, so this kind
of investigation cannot be observed as finished
and reliable for a long period of time, but it has to
be repeated and new strategies must be formed in
the changing environment.
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Abstract
Digital game-based learning has digitized
knowledge and filled learning with enjoyment,
providing diverse content and an attractive instructional approach. Most current research on
digital game-based learning has focused on game
design and has discussed the usage and learning
process of the instructional activity. These research reports have neglected to investigate the
use of digital game-based learning instruction
from the perspective of elementary school teachers. This study explored factors influencing the acceptance of using game-based learning for teaching in elementary schools in Taiwan. The results
showed that learning enjoyment and adaptation
were positively associated with behavioral intentions because of perceived usefulness and ease of
use. Perceived ease of use and learning enjoyment
were the primary reasons for elementary teachers
in Taiwan accepting the use of digital game-based
learning in their teaching.
Key words: Digital, game-based, learning.
1. Introduction
In recent years, digital game technology has attempted to combine various aspects of learning,
capabilities, and knowledge. No longer solely for
leisure and entertainment [1], this technology now
also incorporates problem-solving features to cultivate autonomous thinking ability in students and
uses interactive and repetitive learning activities
to enhance learning effects. Interesting learning
situations also strengthen learning motivation [2].
Game-based digital learning incorporates instructional materials in the game design and embeds
latent learning objectives into the games. Thus,
games can intangibly teach students necessary
knowledge [3]. Instruction combined with digital
Volume 7 / Number 4 / 2012

games is interesting, and advancing through various game levels can motivate learning [4]. Students
are encouraged to search for solution strategies in
the face of failure and thereby acquire knowledge.
The high degree of interaction with digital
game-based learning is an important characteristic
that encourages learners to reorganize their internal
cognitive understanding and construct new knowledge [5-6]. Teachers are knowledgeable and have
instructional experience. In the game process, they
can acquire important supplemental functions that
promote student learning and operational functions
[7]. If teachers believe that adopting game-based
digital learning will have a significant positive influence on learning, then they will have less negative views toward game-based learning. This would
give teachers the confidence to apply game-based
digital learning in instruction, thus achieving the effect of increased learning [8]. Recent research on
digital game-based learning has generally examined learning and capabilities as related to game design and explored the implementation and learning
effects of developed games [7][9-10]. There are still
shortcomings in using the instructor’s perspective to
explore acceptance of digital game-based learning.
Understanding the important factors that affect the
behavioral intentions of elementary school teachers
regarding use of game-based digital learning would
help with the development, design, and instructional applications of game-based digital learning.
This study summarizes the characteristics of digital game-based learning and explores the factors
influencing instructors’ willingness to adopt digital
game-based learning for classroom instruction.
2. Literacture Review
Digital game-based learning departs from traditional formal instruction and evaluation and creates
a pleasant learning environment, providing another
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model for teaching and learning [9]. Game-based
learning improves on a key disadvantage of formal
instruction, namely, its unattractiveness to learners.
In addition, there is less pressure in game-based settings, which can decrease learner rejection of learning new knowledge and provide intrinsic motivation for learning [10-11]. Digital game-based learning arranges instructional content and concepts
through the game design model. The application of
interest, challenging characters, cooperative spirit,
and abundant self-satisfaction in gaming can elicit
learner motivation to inspire continued learning.
This allows capabilities and knowledge to be effectively retained and organized, resulting in increased
learning [12-13]. Learners can connect pieces of
information and integrate knowledge learned in the
game context, to construct complete knowledge and
concepts, rather than merely achieving knowledge
transmission. The challenges of various learning
objectives in the process can also help one enjoy the
pleasure brought by gaming. Game-based learning
can change with the contexts and learner selections,
so they can enjoy the autonomous learning process,
and arrangement of instructional material content
and learning strategies can be combined into valuable instructional software. Csikszentmihalyi [14]
argued that if learners can be fully devoted to a
certain learning activity, and have clear cognition
of concrete objectives and learning tasks, they can
sense feedback from the learning activity to have a
sense of satisfaction, and can promote continuous
learning motivation.
According to cognitive psychological theory,
the key to successful instruction originates from
the formation of the learner’s internal cognitive
structures. In other words, learners must obtain the
desire to learn from external stimuli and in turn
become familiar with learning. Knowledge must
be stored in their memory to achieve effective
learning [15]. Digital game-based learning has the
characteristics of diversity and high interactivity
and can create challenging contexts that learners
are eager to try. At the same time, the technology
can allow learners to select the level of difficulty of
instructional materials on their own, thereby lowering the sense of defeat from learning. Repetitive
learning can lead to increased memory storage
of learned knowledge [16-17]. Deubel [18] suggested that digital game-based learning maintains
1664

learning motivation and can be used to meet individual learning objectives. Digital game-based
learning can also extend the learning time, which
is beneficial for long-term memory storage. Digital game-based learning is not limited to assisted
learning in academic subjects, and there have been
various issues that have been discussed by scholars, such as learning effects and the cultivation of
creativity and problem-solving abilities [19-21].
Digital game-based learning has frequently been
used on the learning of abstract concepts, since abstract concepts are more difficult to orally express
and describe, the learning content may sometimes
cause confusion in students. Through the technical assistance of gaming software, which visually
presents abstract instructional materials difficult to
understand for students, and can assist with learner understanding [22]. Language learning can also
be liberated from the stereotypical view of it being boring through highly interactive games, to
elicit learning effects via learning motivation [23].
Considering various studies on digital game-based
learning, digital game-based learning not only utilizes broad instructional content for subjects, but
also the learners are not limited; the young and the
adult can all have their learning interest elicited.
Papastergiou [10] indicated that digital gamebased learning can successfully let the classroom
become a lively learning space. Appropriate usage of digital game-based learning in instruction
can make it realize its positive effects, to cultivate
student autonomous learning ability and maintain
high learning enthusiasm, achieving the purpose
of elevating learning effects.
Davis [24] proposed a technology acceptance
model (TAM). This model modifies the dimensions of rational behavioral theory and strengthens
personal intrinsic cognition and external influence
variables. The model ignores the influence of subjective norm, using attitude based on intention and
practical behavior to make interpretations and predictions. It proposes the use of perceived usefulness
and perceived ease of use to explore the attitude orientation of users toward a technological behavior.
External variables are introduced to explain and analyze the key factors that affect technology acceptance [25]. Venkatesh and Davis [26] found that ignoring the cognitive dimension and usage behavior
intention attitudes can help to clarify the effect of
Volume 7 / Number 4 / 2012
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perceived usefulness and perceived ease of use for
usage behavioral intentions. In order to understand
the acceptance of different types of technological
usage, many researchers have used the technology
acceptance model as the basis for simplification or
extension. Based on the original theoretical theory,
Moon and Kim [27] added perceived entertainment
to explore user behavior in regards to the internet;
addition of perceived trust variables in exploring
the factors for online gamer acceptance of games
also allows the study to obtain good explanatory
and predictive results [28]. Hu, Clark, and Ma [29]
suggested that attitude does not have a high influence on usage behavioral intention. Thus, a modified technology acceptance model would better explain the power of perceived usefulness and ease of
use on behavioral intention [26].
3. Research model and hypotheses
This study used the revised version of the TAM
proposed by Venkatesh and Davis [26] as the basic
framework. Analysis of the intention of elementary school teachers to use digital game-based
learning was based on related studies [6][30-31].
We considered three factors: learning interactivity, learning enjoyment, and learning adaptation.
How these three external variables acted through
perceived usefulness and perceived ease of use
on intent to use digital game-based learning was
explored. The framework and hypotheses of this
study are presented in Figure 1. The hypotheses
concerning teacher use of digital game-based
learning in instruction were as follows:
H1: Learning interactivity has a significant
positive influence on perceived usefulness.
H2: Learning interactivity has a significant
positive influence on perceived ease of use.
H3: Learning enjoyment has a significant positive influence on perceived usefulness.
H4: Learning enjoyment has a significant positive influence on perceived ease of use.
H5: Learning adaptation has a significant positive influence on perceived usefulness.
H6: Learning adaptation has a significant positive influence on perceived ease of use.
H7: The perceived ease of teacher usage has a
significant positive influence on perceived usefulness.
Volume 7 / Number 4 / 2012

H8: The perceived usefulness has a significant
positive influence on behavioral intentions.
H9: The perceived ease of teacher usage has
a significant positive influence on the intention to
use such systems.

Figure 1. The research model
3.1 Participants
The research subjects were current teachers in
public elementary schools in four counties in central Taiwan, i.e., Taichung City, Taichung County,
Changhua County, and Nantou County. Stratified
convenience sampling was used, distributed according to the ratios published by the Ministry of
Education in 2009 based on elementary schools in
these same counties. Fifty-two public elementary
schools were selected as sample schools. Sampling
size differed according to the sizes of the sampled
schools. Six teachers were sampled from elementary schools with 24 or fewer classes, eight from
elementary schools with 25 to 48 classes, and 10
from elementary schools with 49 or more classes,
for a total of 406 current elementary school teachers. From 406 questionnaires issued, 385 were
returned. After eliminating 18 invalid samples,
367 samples remained, for a valid return rate of
90.4%. Using the valid questionnaires, descriptive
statistical analysis was conducted for school location, gender, age, and teacher occupation. Table 1
gives the results. Most of the schools were located
in Nantou County (27.2%), followed closely by
Changhua County (25.9 %). The samples from
the four counties were normally distributed. In
terms of gender, 136 teachers were male (37.1%)
and 231 were female (62.9%). Approximately
half (51.8%) were between 31 and 40 years of
age, 31.9% were 41 to 50 years old, and 13.3%
were under 30. These results agree with the malefemale ratio reported by the Ministry of Education
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in 2009, which also showed that most teachers
were in the 31 to 50 year old age group. Teacher
job titles were affected by administrative duties:
65.7% had only teaching responsibilities and 34.3
% had administrative work in addition to teaching.
Table 1. Characteristics of the respondents
Characteristic
County and city
Taichung city
Taichung county
Nantou county
Changhua county
Gender
Male teacher
Female teacher
Age (years)
<31
31-40
41-50
>50
School size (classes)
<25
25-48
>48
Job title
Part-time group leaders
Full-time teachers

Number

Percentage

92
80
100
95

25.1%
21.8%
25.9%
27.2%

136
231

37.1%
62.9%

49
190
117
11

13.3%
51.8%
31.9%
3.0%

122
88
157

33.2%
24.0%
42.8%

126
241

34.3%
65.7%

means the scale has good internal consistency [3536]. Our study considered previous work [6][26]
[30-31] and created a scale (Appendix), using the
six dimensions of learning interactivity, learning
enjoyment, learning adaptation, perceived usefulness, perceived ease of use, and behavioral intention. Each item is measured by Likert seven-point
scale, from strongly disagree (represented by 1) to
strongly agree (represented by 7). We invited three
professors to review the validity of the research
and amend the questionnaire as needed.
The variables for assessing the process of using
digital game-based learning in instruction were
defined as follows. Learning interactivity refers
to real-time learning interaction and feedback between instructors and learners. Learning enjoyment refers to the pleasure learners feel. Learning
adaptation relates to how the process adapts to different learners, achieving the objective of individualized instruction. Perceived usefulness means
that instructors believe that using digital gamebased learning in instruction is helpful. Perceived
ease of use refers to the extent that instructors see
digital game-based learning as easy to apply.
4. Data analysis and results
4.1 Analysis of measurement model

3.2 Measurement
This study used the revised version of the TAM
and applied a structural equation model (SEM)
to examine the cause-and-effect relationships between external variables and perceived usefulness,
perceived ease of use, and behavioral intention
[32]. Construct validity was used to explore the
extent that the scale could measure a dimension.
Thus, factor loading, composite reliability (CR),
and average variance extracted (AVE) were used,
along with confirmatory factor analysis to measure
the convergent validity and to discriminate the validity of each dimension [33-34]. In each factor
dimension, the factor loading of each item must
be greater and 0.5 to show convergent validity. In
different factor dimensions, items must have factor loading lower than 0.5 to have discriminate validity. Cronbach’s α is used to test the internal consistency of the factors in each dimension on the
questionnaire, and if the value is greater than 0.7 it
1666

SEM analysis was conducted in two stages: (1)
using Cronbach’s α coefficient and confirmatory
factor analysis of the research dimensions and the
measured items, and (2) verifying the various hypotheses [37-38]. This study used the maximum
likelihood method to evaluate the measurement
model and the structural model, applying statistical
software (AMOS 7.0) to check the significance of
path coefficients of the variables and to verify the research hypotheses. The six indicators of chi-square
with degrees of freedom (χ2/df), the goodness of
fit index (GFI), the adjusted goodness of fit index
(AGFI), the comparative fit index (CFI), the normed
fit index (NFI), and the root mean square error of approximation (RMESA) are used to measure the good
fitness of model. For a good fit of model, the GFI,
CFI and NFI should be greater than 0.9, the AGFI
should be greater than 0.8 and RMSEA should be
less than 0.08, and the chi-square with degrees of
freedom should be less than or equal to 3 [33][39].
Volume 7 / Number 4 / 2012
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Doll, Xia and Torkzadeh [40] indicated that if GFI
and AGFI are between 0.80 and 0.89, the model
has reasonable fit. This study obtained χ2/df=2.96,
GFI=0.86, AGFI=0.82, NFI=0.87, CFI=0.91 and
RMSEA=0.07 from data analysis, and it is obvious
that the measurement model is a good fit.
We used the three conditions proposed by Fornell
and Lacker [41] to evaluate the measurement model:
(1) all factor loadings should be significant and greater than 0.5, (2) the CR value should be greater than
0.7, and (3) the AVE value should be greater than
0.5. The square root of AVE must be higher than the
correlation coefficient to demonstrate discriminate
validity among dimensions [33][41]. In Table 2,

all the values of factor loading are greater than 0.5
and reach the significance level of p=0.001. The CR
values within 0.77 to 0.93 are greater than 0.7. The
AVE values within 0.53 to 0.71 are greater than 0.5.
The three conditions of this study are coincident with
good convergent validity. The Cronbach’s α coefficient of each dimension is greater than 0.7, including learning interactivity (0.76), Learning enjoyment
(0.85), learning adaptation (0.82), perceived usefulness (0.85), perceived ease of use (0.85) and behavioral intention (0.93), conforming to the high reliability required by Frankfort-Nachmias and Nachmias
[42]. Table 3 shows that this study conforms to the
measurement of discriminate validity.

Table 2. Construct reliability
Factor
Learning interactivity

Learning enjoyment

Learning adaptation

Perceived Usefulness

Perceived Ease of Use

Behavioral Intention

Item
LI1
LI2
LI3
LE1
LE2
LE3
LE4
LA1
LA2
LA3
LA4
PU1
PU2
PU3
PU4
PEU1
PEU2
PEU3
PEU4
BI1
BI2
BI3
BI4
BI5

Factor Loading
0.72
0.80
0.65
0.70
0.76
0.82
0.78
0.77
0.82
0.69
0.65
0.82
0.74
0.79
0.69
0.64
0.78
0.79
0.81
0.83
0.87
0.90
0.82
0.80

CR

AVE

Cronbach’s alpha

0.77

0.53

0.76

0.85

0.59

0.85

0.82

0.54

0.82

0.85

0.58

0.85

0.84

0. 57

0.85

0.93

0.71

0.93

Table 3. Discriminant validity
Factor
1. Learning interactivity
2. Learning enjoyment
3. Learning adaptation
4. Perceived usefulness
5. Perceived ease of use
6. Behaviral intention
Volume 7 / Number 4 / 2012

1
0.53
0.25
0.34
0.28
0.32
0.24

2

3

4

5

6

0.59
0.24
0.41
0.45
0.34

0.54
0.32
0.30
0.22

0.58
0.53
0.47

0.57
0.44

0.71
1667
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4.2 Structure model and hypotheses testing
The model fit indices described in the previous
section were used to test the structure model. The
results agreed well with those of the measurement
model. From the research model analysis (Figure
1), H2, H3, H4, H5, H6, H7, H8, and H9 were supported, but H1 was not supported. Learning enjoyment and learning adaptation had positive significant effects on the perceived usefulness; the standardized path coefficients were 0.21 (p<0.01) and
0.21 (p<0.001), respectively. When the learning
enjoyment or learning adaptation of using digital
game-based learning was strong, the perceived usefulness of using digital game-based learning was
also high. Learning interactivity, learning enjoyment, and learning adaptation also had positive significant effects on the perceived ease of use; their
standardized path coefficients were 0.31 (p<0.001),
0.68 (p<0.001), and 0.23 (p<0.001), respectively.
These data show that when the learning interactivity, learning enjoyment, and learning adaptation of
using digital game-based learning were strong, the
perceived ease of use for the digital game-based
learning was also high. The perceived ease of use
had a positive significant effect on the perceived
usefulness; its standardized path coefficient was
0.61 with p<0.001. The perceived usefulness and
perceived ease of use had positive significant effects on behavioral intention; their standardized
path coefficients were 0.36 (p<0.001) and 0.43
(p<0.001), respectively. The learning interactivity
had no significant effect on the perceived usefulness (p=0.735). This demonstrated that the learning
interactivity of using digital game-based learning
has no significant correlation with the perceived
usefulness of using it.
The direct, indirect and total effects of dominants
on behavioral intentionn are shown in Table 4. We
observed that perceived ease of use had the highest
effect on intentions to use, followed by perceived

usefulness. Among external variables, learning enjoyment had the strongest influence on behavioral
intentions. The chains of how BI is affected by various variables and their total effect are presented as
follows. The total effect of LI on BI is 0.21, the calculation process is 0.02×0.36+0.31×0.61×0.36+0.3
1×0.43 (LI→PU→BI+LI→PEU→PU→BI+LI→
PEU→BI). The total effect of LE on BI is 0.52, the
calculation process is 0.21×0.36+-0.68×0.61×0.36+0.68×0.43 (LE→PU→BI+LE→PEU→PU→BI+
LE→PEU→BI).ThetotaleffectofLAonBIis0.23,the
calculation process is 0.21×0.36+0.23×0.61×0.36+
0.23×0.43 (LA→PU→BI+LA→PEU→PU→BI+
LA→PEU→BI). The total effect of PU on BI is
0.36. The total effect of PEU on BI is 0.65, the
calculation process is 0.61×0.36+0.43 (PEU→
PU→BI+PEU→BI).

Figure 2. Analysis of the research model
5. Discussion and conclusion
A structured model analysis was conducted on
the influence of digital game-based learning on elementary school teachers’ usage behavioral intentions. The study found that the perceived usefulness of elementary school teachers regarding digital
game-based learning was primarily affected by the
positive significant influence of learning enjoyment
and learning adaptation. The perceived usefulness
did not correlate with learning interaction. These
results do not agree with other research that indicated that interaction through digital games could

Table 5. The direct, indirect and total effect of dominants on behavioral intention
Cause relationship
LI→BI
LE→BI
LA→BI
PU→BI
PEU→BI
1668

Direct effect

0.36
0.43

Indirect effect
0.21
0.52
0.23
0.22

Total effect
0.21
0.52
0.23
0.36
0.65
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effectively promote the progression of learning activity and cognitive understanding to construct new
knowledge [8][12][31]. However, those studies
tended to focus on the learners’ perspective, believing that the interactivity of digital game-based learning is based on the provision of real-time feedback
information or positive encouragement information
to elevate learner confidence and in turn improve
learning. Our study used the instructors’ perspective
to explore factors that influence current elementary
school teachers’ use of digital game-based learning
in class. We found that learning interactivity does
not positively influence perceived usefulness. Our
data showed that elementary school teachers believe
that traditional methods of teaching can also achieve
real-time feedback and positive encouragement. Regarding digital game-based learning as an instructional strategy, learning enjoyment and learning
adaptation are the more important considerations.
Our study established that learning enjoyment is the
external variable selected by more teachers. Since
learning enjoyment can help students learn happily and decrease their sense of rejection and fear of
learning, they can gain satisfaction and interest from
digital game-based learning [1][5-6][43]. This was
the primary reason why most teachers were willing to use digital game-based learning in the classroom. Learning adaptation is another consideration
for teachers, as learners can develop an autonomous
ability to use strategies and challenge themselves
through digital game-based learning.
This study used the TAM as the theoretical basis and SEM to analyze factors that influence the
intention of Taiwanese elementary school teachers
to use digital game-based learning in instruction.
Perceived usefulness and perceived ease of use
were used as the intervening variables to explore
external variables such as learning interactivity,
learning enjoyment, and learning adaptation. The
order of importance for the latent variables of this
study concerning learning usage intentions was as
follows: perceived ease of use > learning enjoyment > perceived usefulness. In other words, if elementary school teachers have a higher perceived
ease of use regarding digital game-based learning,
then they will also have a higher usage intention.
The importance of the learning enjoyment factor
on usage intention was higher than for perceived
usefulness, meaning that teachers believe that enVolume 7 / Number 4 / 2012

joyment can promote student learning interest and
create an enjoyable learning atmosphere. This increases teacher usage intention, and enriches the
instructional content and learning diversity.
Appendix: Survey items used in the study
Learning interactivity
LI1. Educational digital games can provide students with feedback in a timely manner. (e.g., gain
points for right answers, lose points for wrong answers).
LI2. During the game, the learner’s current
learning conditions can be determined at any time
(e.g., game scores, levels).
LI3. When there are new challenges or tasks,
educational digital games can remind students by
providing learning information in a timely manner.
Learning enjoyment
LE1. Using educational digital games to instruct would make students happier and more
pleased when they learn.
LE2. Using educational digital games to instruct
would give students more enjoyment and let them
realize that learning does not have to be difficult.
LE3. When successful in challenging a game
level, students would feel that learning is interesting and gain a sense of accomplishment, making
them more willing to continue with the activity.
LE4. Using educational digital games to instruct under a cheerful atmosphere would make
students feel less pressure in learning.
Learning adaptation
LA1. Educational digital games can provide
challenges at different levels of difficulty, so that
students can make their own selection in participating in activities.
LA2. Educational digital games can be made
more difficult and challenging as student ability
increases.
LA3. Educational digital games let students
repeatedly learn and operate concepts with which
they are less familiar.
LA4. Educational digital games can provide diverse learning materials so that students can select
learning progress and content on their own.
1669
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Perceived usefulness
PU1. I feel that using educational digital games
in instruction would help elevate student learning
intention.
PU2. I feel that using educational digital games
for instructional assistance would help elevate student learning effects.
PU3. I feel that using educational digital games
in instruction is useful for inspiring student learning motivation.
PU4. I feel that using educational digital games
is helpful in instructional assistance.
Perceived ease of use
PEU1. Information provided by educational
digital games can help students receive immediate
encouragement and reflection (e.g., adding or subtracting points can encourage, and question hints
can assist students in their thinking).
PEU2. Usage of educational digital games in
instruction can easily inspire students’ learning interest.
PEU3. Using educational digital games in instruction can easily increase student concentration
for the course.
PEU4. Using educational digital games in instruction can easily increase student participation
in course activities.
Behavioral intention
BI1. I would want to use educational digital
games to make students feel that learning is interesting and pleasing.
BI2. I would want to use educational digital
games to inspire student learning motivation.
BI3. I would want to use educational digital
games to strengthen student learning intention.
BI4. I would want to use educational digital
games in the classroom to assist with instruction.
BI5: I would recommend learning via educational digital games to other colleagues.
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Abstract
This paper describes the method for analysis of
the overall knowledge of the students using results
obtained from colloquial exam in computer graphics course. The approach we used in this analysis
is based on rough sets theory, using dynamic reducts. This approach enables induction of the decision rules, which are commonly expressed in the
form of IF THEN rules. This form is recognized as
a very suitable when further inspection is needed.
The software used for this analysis is developed as
a desktop application, with the possibility of migration to web-based platform.
Key words: Dynamic Reducts, Rough sets
theory, Decision rules, Knowledge evaluation
1. Introduction
Together with the rapid technological advance
in the field of computer science, the need for the effective method of IT student knowledge evaluation
also became obvious. There is a number of research
projects in the field of computer aided education.
These projects try to show that various methods of usage of the computers in the education are
efficient. The efficiency of the presented methods was measured by student knowledge and
with various statistical analyses. The evaluation
of student achievements was frequently concentrated on statistical summarization of the student
results achieved during the IT course and the student responses given by the questionnaires. The
majority of research includes division of students
in two groups, experimental and control one [1].
The approach for testing the relative effectiveness
of junior-level mechanical engineering remote
laboratory and simulation is another example [2].
The approach in evaluation using computerized
adaptive test (CAT) in the case of using mobile
devices in the education is presented in [3]. The
final stage of formative evaluation consisted of the
small group. Twelve subjects took part in the small
1672

group evaluation. Students at the second grade of
senior high school were asked to volunteer for the
small group evaluation. The other methods for
evaluating university educational software and its
effectiveness may also be considered [4].
Represented evaluation methods still showed
lack of important issue. They are designed to prove
that new method in teaching or new educational
software is efficient enough, comparing to the old
ones. But the analyses of which part of the presented topics is crucial for gaining the biggest grade,
and determination of the biggest problems in the
student knowledge are still out of scope in these
methods. In this paper, we present the completely
new approach in evaluation of student knowledge.
The idea is to apply the analyses based on the rough
set theory, using dynamic reducts. This method
analyzes student responses in order to find the topics in the evaluated areas that caused many troubles
in student learning process, as well as to find how
knowledge of each separate topic affects the overall
student performance and his final grade.
The second part of this paper contains a definition of the indiscernibility relation and a brief
introduction to Rough sets theory and Reducts, especially Dynamic Reducts. The third part contains
description of the experiment. Finally, there are
some conclusions and remarks.
2. Methods
While statistical analysis is the most frequent
methodology used in the domain of education, it is
possible to use some recent methodologies in cases
when data of various types is available. In general,
rough sets approach concerns with an analysis of
a set of objects. These objects, such as patients in
the domain of medicine, students in the domain of
education, etc. are described by certain number of
multi-valued attributes (symptoms, characteristics,
test results, etc.). The representation of a set of objects can also be viewed as a table with rows corVolume 7 / Number 4 / 2012
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responding to objects and columns corresponding
to their attributes. Each cell of the table contains a
state representing information about the object – the
value of corresponding attribute of the object. This
form of data enables extraction of essential piece
of knowledge [5, 6]. So-called If Then form is possibly most common form of expressing knowledge.
An advantage of methods that produce If Then rule
sets is that these rules are directly inspectable and
interpretable, and the results of decisions are easy
to understand and explain [7]. This is the exact
reason for utilizing these new methods in order to
cope with problems of uncertain, incomplete or approximate data, especially for conducting analyses
of unknown phenomena.

The relation (1) is an equivalence relation – reflexive, symmetric and transitive.
2.2. Set Approximations
The decision system is the information system
in which at least one attribute is chosen to be decision attribute, while other attributes are condition
attributes. Let X be a non–empty subset of U and
Æ ¹ P Í Q . Set X is approximated by means of
P–lower (2) and P–upper (3) approximations of X:

P( X ) = {x Î U : I P ( x) Í X } ................. (2)
P( X ) =

xÎ X

2.1. The Rough Sets Theory
The rough sets theory was originally discovered
by Zdzislaw Pawlak in the early 1980`s [8, 9]. This
approach proved to be very useful for the analysis
of data in various domains, especially in domains of
artificial intelligence and cognitive sciences.
As the mathematical basis of the rough sets
theory there is a relation called the indiscernibility relation. As in [10], let U be a universe (finite
set of objects), Q = {q1 , q2 ,..., qm } is a finite set
of attributes, Vq is the domain of attribute q and
V = qÎQ Vq

. An information system is the 4-tuple

S = 〈U , Q,V , f 〉 where f = U × Q ® V is a function such that f ( x , q ) Î Vq for each q Î Q , x Î U .
This function is called information function.
The imprecise information causes indiscernibility of the objects. If there is an equivalence
relation between some objects, then it is viewed
as an indiscernibility relation inducing an approximation space made of equivalence classes. The
information about each object concerns its membership in one of the disjoint classes.
Therefore, to every non–empty subset of attributes P is associated an indiscernibility relation
on U, denoted by I P :

I P = {( x, y ) Î U × U : f ( x, q) = f ( y, q), ∀q Î P} .
......................................... (1)
Volume 7 / Number 4 / 2012

 I P ( x) .......................... (3)

The P–boundary (4) of X is denoted by

B n (X ) :
B n ( X ) = P ( X ) − P ( X ) ................ (4)
Here, Ip(x) denotes the class containing an element x.
The set X is approximated so that one can tell
that element x belongs to set X only if x belongs to
lower approximation of set X. If an element belongs
to boundary region of approximated set X then one
cannot be certain that element x belongs to set X.
The lower and upper approximations correspond,
respectively, to a maximal set of objects that belong
to a given class, and a minimal set of objects that
possibly belong to a given class. The boundary set
contains all objects that cannot be classified with
certainty to a class or to its complement.
2.3. Rule Induction
The approximation of a set can be used for rule
induction. If set C consists of condition attributes
and set D consists of one decision attribute then
decision system is defined.
Each object x that belongs to a decision system
determines one decision rule [9,10]:

∧ a = a ( x) ⇒ d = d ( x) .

aÎC
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Decision system is defined as follows:
Here a (x) stands for the value of condition atCondition attributes C={Age, BMI, Fat%},
tribute a of an object x and d (x) stands for the
Decision attribute D={LL}.
value of decision attribute d of the same object x.
The expression a=a(x) is called descriptor. Now,
If P = { Age, BMI , Fat %
} then, by (1), we have:
it is possible to generate rules of the form: IF α
THEN β. Here α (rule’s antecedent) denotes a
I P = { x1, x1}, {x2 , x2}, {x2 , x3}, {x3 , x2}, {x3 , x3}, {x4 , x4},
conjunction (AND logical operator) of descriptors
that only involve condition
I P = { xattributes
, {x2and
, x2},β{(rule’s
x2 , x3}, {x3 , x2}, {x3 , x3}, {x4 , x4}, {x5 , x5}, {x6 , x6}.
1, x1}
consequent) denote a descriptor d=d(x), where d
is decision attribute.
One can approximate set X = {x1 , x3 , x6 }
Very important practical issue is reduction of
which consists of object where LL is low using
the condition attributes set. It is possible to keep
only the information contained in P by constructonly those attributes that preserve the indiscerning the P–lower (2) and P–upper (3) approximaibility relation (1) and consequently, set approxitions of X:
mation. The rejected attributes are redundant (superfluous) since their removal cannot worsen the
P( X ) = {x1 , x6 } , P( X ) = {x1 , x2 , x3 , x6 } .
classification. Let Æ ¹ P Í Q and a Î P . Attribute a is superfluous in P if I P = I P −{a} . There are
usually several subsets of such attributes called reducts or reduct sets. The calculation of all reducts
is a complex task, but in many practical applications it is not needed to calculate all the reducts,
but only some of them [5, 6, 9, 10].
In a standard procedure, after the reducts have
been computed, the rules are composed by overlaying every reduct over the decision table and
simply reading of the values [6, 7, 10]. Overlaying
computed reducts over the lower approximation of
a set X composes rules. These rules are called univocal or exact. By overlaying computed reducts
over the boundary region of a set X, so called non–
exact rules are composed. These rules includes
OR logical operator in the consequent part.
Example: Simple example (as in [5, 10]) includes six objects; each object is described by
means of four attributes, see Table1.

The P–boundary (4) of X is:

B n ( X ) = {x2 , x3 } .
If R={Age, BMI}, S={Age, Fat%}, and
T={BMI, Fat%}, then IR=IP and IS=IP while IT≠IP.
This means that R and S are reducts of P, while
T is not. Attribute Age is indispensable, but attributes BMI and Fat% may be mutually exchanged.
By overlaying reduct set R over the decision
system it is possible to generate rules:
1. If Age=young AND BMI=good Then LL=low
(supported by object x1)
2. If Age=young AND BMI=medium Then
LL=low (supported by object x6)
3. If Age=middle-age AND BMI=good Then
LL=high (supported by object x5)
4. If Age=middle-age AND BMI=medium
Then LL=high OR LL=low (supported by objects
x2, x3)

Table 1. Information (decision) system
Object

Age

Body Mass Index (BMI)

Fat%

Leptin Level (LL)

x1

young

good

low

low

x2

middle-age

medium

low

high

x3

middle-age

medium

low

low

x4

old

medium

low

high

x5

middle-age

good

high

high

young

medium

high

low

x6
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5. If Age=old AND BMI=medium Then
LL=high (supported by object x4)
In practice, the set of objects that supports only
If part of the rule is named Left Hand-side Support
or LHS.
2.4. Reducts
An important practical issue is whether some
of the attributes in an information system are redundant with respect to enabling us to make the
same object classifications as with the full set of
attributes A. If an attribute subset B Í A preserves
the indiscernibility relation RA and hence our ability to form set approximations, then the attributes
A-B is said to be dispensable [6]. Typically, an information system may have many such attribute
subsets B. All such subsets that are minimal, i.e.,
that do not contain any dispensable attributes, are
called reducts. The set of all reducts of an information system A is denoted RED (A).
A graphical display of the notion of reducts can
be seen in Figure 1.

Figure 1. The indiscernibility relation RA can be
seen as the superposition of the indiscernibility
relations R{a} for each of the individual attributes
aÎA. As such, not all of the attributes might be
needed in order to “sum up” to the total observed
RA. A reduct is a minimal subset B Í A such that
RB=RA. In this example, the reducts are {a,b},
{b,d} and {c,d}.
Reduct Approximations
Real-world data is almost always polluted with
noise and other imperfections. Hence, since it only
takes a single, noisy object to change the indiscernibility relation, reducts as defined in Section 2.4.,
are prone to incorporate noise and other peculiarities in the data set. Clearly, what is desirable to find
are attribute subsets that reveal the underlying, general patterns in the data material. This implies that
reduct approximations need to be found instead,
Volume 7 / Number 4 / 2012

i.e., attribute subsets that in a sense “almost” preserve the indiscernibility relation. In Figure 1., one
could say that{b} constitutes such a subset.
Dynamic Reducts
The process of computing dynamic reducts [11,
12] from an information system A can be seen as
combining normal reduct computation with resembling techniques. The basic idea is simple:
1. Randomly sample a family of subsystems
S={A1,....,An} from A, where each subsystem
Ai=(Ui, A) and Ui Í U.
2. From each subsystem Ai Î S, compute
RED(Ai).
3. Note with which frequency each reduct occurs across all reducts computed in the previous
step.
The reducts that occur the most often in the outlined procedure are believed to be the most “stable”, and reveal more general relationships in A
than RED (A) does. The set of ε-dynamic reducts
of an information system A with respect to a family of sampled subsystems S is denoted DRED
(A,ε,S), and consists of those attribute subsets that
occur “frequently enough” as reducts (Equation 5
actually yields what Bazan [11] calls generalized
dynamic reducts, and is slightly less strict in its definition than how dynamic reducts are often defined.
To achieve dynamic reducts as defined in [11, 12,
13], the term B Í A in Equation 5 can be substituted
by BÎRED (A)), as determined by the parameter ε.
DRED (A,ε,S)=
= {B Í A

{ Ai Î S B Î RED( Ai )}
S

³ 1 − e } ....... (5)

Similarly, one can also define dynamic reducts
relative to an object xÎU by considering RED(Ai,
x) instead of RED(Ai). However, the sampling
of the family of subsystems S must then be constrained so that xÎUi for all Ai Î S.
3. Experiments
Presented approach is tested in the analyses of
Computer Graphics colloquial test results [14].
1675
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The test is composed of 10 theoretical questions,
called topic (Table 2.), and associated with 10 specific skills. Those topics are presented in the Table
2., and answer on each topic is used to show us the
student level of knowledge for particular topic. All
topics are necessary for a student to complete the
final practical exercise. Student answers to each
question are graded from 0 to 3. The maximum
number of points for each topic is presented in
Table 2. The final practical exercise is evaluated
with grade from 5 to 10.
The purpose of these analyses is multiple. First,
analyses can show what level of knowledge in each
topic is required for student in order to successfully complete practical task and achieve particular
grade. Second, the result of the analyses can point
out the common student mistakes and thoughts that
are crucial for achieving worse or better results.
And finally, these results showed us that some topic
have no impact to the overall student achievement
at all, meaning that particular topic is completely
irrelevant for final student success or that particular
topic is not properly implemented.
Total of 63 students are tested in this experiment. Test was performed in the middle of the one
semester course of Computer Graphics. The total
duration of the test was 90 minutes for both practical work and for answering the questions.
The experiment was conducted by software system ROSETTA - A Rough Set Toolkit for Analysis
of Data. ROSETTA was developed as a cooperative
effort involving the Knowledge Systems Group,
Department of Computer and Information Science
at NTNU, Norway, and the Logic Group, Institute
of Mathematics at Warsaw University, Poland.

Rules induced from the data by Dynamic reducts, obtained 34 reducts:

Figure 2. Dynamic reducts
On this dynamic reducts generate rules was
performed. Number of generated decision rules
is 1550, but we chose only 34 where the LHS is
greater then 3. Generated rules are presented in
Table 3.

Table 2. Data description
Topic
Topic 1
Topic 2
Topic 3
Topic 4
Topic 5
Topic 6
Topic 7
Topic 8
Topic 9
Topic 10
1676

Student knowledge
Question about Eraser tool
Question about image modes supported in Adobe Photoshop
Question about Test tool
Question about Paint bucket tool
Question about History palette
Question about Selection tool
Question about Quick mask selection
Question about Move tool
Question about working environment
Question about transformation

Knowledge
2
1
2
3
2
1
2
1
3
3
Volume 7 / Number 4 / 2012
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Table 3. Rules induced from the data
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Rule
F1(0) AND F2(1) AND F3(2) AND F5(0) AND F7(0) AND F10(0) => test(7) OR
test(9) OR test(5) OR test(8) OR test(6)
F1(2) AND F2(1) AND F4(0) AND F5(0) AND F6(1) AND F8(0) AND F10(0)
=> test(7) OR test(6) OR test(8)
F1(2) AND F2(1) AND F3(0) AND F4(0) AND F5(0) AND F7(2) AND F8(1) =>
test(7) OR test(8) OR test(9)
F2(1) AND F3(2) AND F5(0) AND F7(2) AND F9(0) AND F10(0) => test(7) OR
test(8)
F2(1) AND F3(0) AND F5(0) AND F7(0) AND F9(0) AND F10(0) => test(7) OR
test(8) OR test(6)
F2(1) AND F3(2) AND F5(0) AND F7(0) AND F9(0) AND F10(0) => test(7) OR
test(5) OR test(8) OR test(6)
F2(1) AND F3(2) AND F4(0) AND F5(0) AND F6(1) AND F8(0) AND F9(0)
AND F10(0) => test(7) OR test(8)
F1(2) AND F3(0) AND F4(0) AND F5(0) AND F7(2) AND F8(1) AND F10(0)
=> test(7) OR test(6)
F1(2) AND F2(1) AND F3(0) AND F4(0) AND F5(0) AND F6(0) AND F7(2)
AND F8(1) AND F9(0) => test(7) OR test(8)
F1(0) AND F2(1) AND F4(0) AND F5(0) AND F6(1) AND F8(1) AND F10(0)
=> test(7) OR test(8) OR test(6)
F1(2) AND F2(1) AND F3(0) AND F4(0) AND F5(2) AND F8(0) AND F10(0)
=> test(8) OR test(7)
F2(1) AND F3(2) AND F5(2) AND F7(0) AND F9(0) AND F10(0) => test(8) OR
test(7) OR test(9)
F1(2) AND F2(1) AND F3(0) AND F4(0) AND F5(2) AND F7(0) AND F10(0)
=> test(8) OR test(7)
F2(1) AND F3(0) AND F4(0) AND F5(2) AND F6(1) AND F8(0) AND F9(0)
AND F10(0) => test(8) OR test(7) OR test(6)
F2(1) AND F3(0) AND F5(2) AND F7(0) AND F9(0) AND F10(0) => test(7) OR
test(6) OR test(8)
F1(0) AND F2(1) AND F3(2) AND F5(0) AND F7(2) AND F10(0) => test(7) OR
test(8)
F1(2) AND F2(1) AND F5(2) AND F7(0) AND F8(0) AND F10(0) => test(8) OR
test(7) OR test(9)
F2(1) AND F3(0) AND F5(0) AND F7(2) AND F9(0) AND F10(0) => test(7) OR
test(6)
F1(2) AND F2(1) AND F3(0) AND F5(0) AND F7(0) AND F10(0) => test(7) OR
test(8) OR test(6)
F1(0) AND F2(1) AND F3(2) AND F4(0) AND F5(0) AND F7(2) AND F10(0)
=> test(7) OR test(8)
F1(2) AND F3(0) AND F5(0) AND F7(2) AND F8(1) AND F9(0) AND F10(0)
=> test(7) OR test(6)
F1(0) AND F2(1) AND F5(0) AND F7(0) AND F8(1) AND F10(0) => test(5) OR
test(8) OR test(7) OR test(6)
F3(0) AND F4(0) AND F5(0) AND F6(1) AND F7(2) AND F8(1) AND F9(0)
AND F10(0) => test(7) OR test(6)
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LHS support
6
5
5
5
5
5
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
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24
25
26
27
28
29
30
31
32
33
34

F1(2) AND F3(0) AND F5(0) AND F7(0) AND F8(0) AND F9(0) AND F10(0)
=> test(7) OR test(6)
F3(2) AND F4(0) AND F5(0) AND F6(1) AND F7(2) AND F8(0) AND F9(0)
AND F10(0) => test(7) OR test(8)
F1(2) AND F3(0) AND F4(0) AND F5(2) AND F6(1) AND F8(0) AND F9(0)
AND F10(0) => test(8) OR test(7) OR test(5)
F1(0) AND F2(1) AND F3(2) AND F4(0) AND F5(0) AND F8(1) AND F9(0)
AND F10(0) => test(5) OR test(7) OR test(8) OR test(6)
F1(2) AND F3(0) AND F4(0) AND F5(0) AND F7(2) AND F8(1) AND F9(0)
AND F10(0) => test(7) OR test(6)
F1(2) AND F2(1) AND F3(0) AND F4(0) AND F5(0) AND F6(0) AND F7(2)
AND F8(1) => test(7) OR test(8)
F1(2) AND F2(1) AND F3(0) AND F5(0) AND F6(0) AND F7(2) AND F8(1)
AND F9(0) => test(7) OR test(8)
F1(2) AND F2(1) AND F4(0) AND F5(0) AND F6(0) AND F7(2) AND F8(1) =>
test(7) OR test(8)
F1(0) AND F2(1) AND F3(2) AND F4(0) AND F5(0) AND F6(1) AND F7(2)
AND F10(0) => test(7) OR test(8)
F1(0) AND F2(1) AND F3(2) AND F4(0) AND F5(0) AND F8(1) AND F10(0)
=> test(5) OR test(7) OR test(8) OR test(6)
F1(2) AND F2(1) AND F3(0) AND F5(2) AND F7(0) AND F10(0) => test(8) OR
test(7)

It is clearly visible that quality of the generated
rules is fairly acceptable.
Statistics can be applied on the generated decision rules, we can see in Figure 3. that the values
for LHS are: Mean: 7.892258, Std. dev.: 0.913639,
Median: 8.0, Minimum: 6 and Maximum: 10.

Figure 3. Statistics of the generated decision rules
4. Results and conclusion
The usage of dynamic reducts generated the set
of 34 reducts, which are used to generate rules. The
total number of 1550 rules was generated, but we
1678

4
4
4
4
4
4
4
4
4
4
4

chose only 34 for the analysis where the LHS is
greater then 3. The LHS for the first rule is 6, and
for the second 5 rules is 5 and the rest is 4 (Table
3.), meaning that first rule are based on six entries.
The experiment shows us that most rules are
generated for the case when the final grade is 7 or
8, actually 13 rules. This is closely related to type
of data used to generate the rules, since the most
students achieved grade 7 or 8. The best analyses
may be made by the strongest rules (the first 6
rules). The rules clearly pointed out that, in major
cases when students achieved grade 8 and higher
(first seven rules in Table 3.), they successfully
answered to second and third questions (F2 and
F3 with maximum points of 2 and 1 respectively),
except in the rule no. 2, 3 and 5. The next skill
needed to achieve the same grade is, in the majority of cases, is successful answering to question
one (F1). In all seven rules it is clear that none of
the students were able to answer to question no. 5,
making that topic one of the key factors in attempt
to improve student knowledge and to raise overall
knowledge. Using this conclusion teacher will be
able to concentrate on crucial topics.
Further analyses of the rules from rule no.
7 to rule no. 11 shows the key factors affecting
Volume 7 / Number 4 / 2012
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the students to achieve the final grade seven. In
all five rules it is clear that students were not able
to answer the fourth and tenth question (F4 and
F10), except in the rule no. 9. Using this analysis,
teacher can spend more time or use different methods to explain particular topics in order to improve
student’s knowledge and performance, which will
probably result in better grades.
Although we show some positive aspects in
this analysis, several problems appeared during
the experiment. The first problem is a small number of participating students. This directly affects
the number of entries for the rule generation, and
it also affects relatively small values for LHS.
The higher number of participating students will
make the strongest rules, and the strongest rules
will reduce the number of possible outcomes for
the analyses, e.g. in this case 34 rules is generated
out of 63 data entries. The grater number of data
entries will make the strong rules, and will make
much obvious the benefits of easier data analyses.
The second problem is that only one exam is
used for the rule generation. It would be much better if more exam results were used in this process.
The more tests results collected during several
years and with various generations of students on
the same IT course will create much better base
for rule definition and will create much stronger
rules. At the end, one of the problems is that only
one segment of the knowledge is evaluated within
this colloquial exam. The better solution is to use
more colloquial exams during the same semester.
This approach will expand the number of evaluated topics.
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Abstract
The Educational Institutions all over the world
are witnessing fast, radical and even revolutionary
changes. Changes in the socio-economic and cultural framework, commensurate with recent trends
in liberalization and globalization, have resulted in
a transition in the very paradigm of teaching and
learning. The Institutions of higher Technical Education (IHTE) are faced with demands for greater
responsiveness and accountability. After examining whether Information and Communication
Technologies (ICT) positively affect the perceived
relative advantage of knowledge sharing, the present study tries to examine the Status of Knowledge Management (KM) implementation in terms
of Knowledge acquisition, Knowledge Storage
and Knowledge Dissemination. The results of the
study reflect that the Web Based technologies are
preferred to User based Technologies. Information
technology infrastructure and Organisational culture are the important success factors for KM. The
important factors influencing Knowledge sharing
are: i) knowledge sharing committees of IHTE, ii)
Internal lectures, knowledge sharing seminars, iii)
preparing written documentation such as lessons
learned , iv) training manuals, good work practices, articles for publication etc., v) by using the
portal system, vi) Job Title, vii) Knowledge storage by having the department wise database, and
viii) ICT infrastructure.
Key Words: Knowledge Management, Information and Communication Technologies (ICT),
Institutions of higher Technical Education (IHTE),
Web Based technologies.
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Introduction
Globalization places higher demands on these
institutions to become more competitive. Globalization, which transformed world trade, communications and economic relations in the latter part
of the 20th Century, is having a profound effect on
education in the 21st century. Innovative forms of
transnational education - Internet-based distance
learning, branch campuses, educational “franchising” -- have greatly expanded opportunities for
students to study and learn outside their country of
origin. In addition, there is now increasing global
competition for the “best and brightest” students,
as more and more countries recognize the economic potential of higher education as a service
export sector Student options for higher education, in particular, are thus no longer constrained
by national boundaries. Large segments of the
world’s student population truly have access to a
“global marketplace” of higher education. In this
changing global environment KM strategies and
technologies can play an important role in enhancing the competitiveness of the institution.
Today the world economy is experiencing an unprecedented change. New developments in science
and technology, media revolution and internationalization of and the ever-expanding competitive environment are revolutionizing the education scene.
A paradigm shift has been noticed in education now
a days, from ‘national education to ‘global education’, from ‘one time education for a few’ to ‘life
long education for all’, from ‘teacher- centric education’ to ‘learner centric education’. These changes make new demands and pose fresh challenges
to the established education systems and practices
in the country. Because of interdependence and
integration of world economy in recent years, the
1681
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Indian higher education system has a new role and
a challenge to provide to the nation and the world
at large, skilled human power at all levels, having
requisite knowledge and confidence to effectively
confront the social and economic realities.
Knowledge Management (KM) is generally
about the gathering, storing, disseminating and application of knowledge via the know-how and creation of work by the individuals in an organization
[1]. Knowledge Management principles recognize
that it is important for organizations to “know what
they know.” All institutions inherently store, access, and deliver knowledge in some manner. Realizing the importance of Knowledge Management,
the Indian Government has established National
Knowledge Commission (NKC) which was established on 13th June 2005. According to “National
Knowledge Commission (NKC) of India: An Overview”, the NKC is in particular concerned with the
following aspects of Indian education. Higher Education: Funding, regulatory frameworks, curricula,
private sector participation, academic standards
and research are all issues that require urgent attention and sincere resolution with a long term view
in mind. Professional Education: To consolidate
and extend India’s growing international presence
in IT, medicine, law, engineering, etc., professional
education needs to be supported creatively and its
quality constantly checked and upgraded.
According to [2] KM involves the “discovery and capture of knowledge, the filtering and
arrangement of this knowledge, and the value
derived from sharing and using this knowledge
throughout the organization”. It is this “organized
complexity” of collaborative work to share and
use information across all aspects of an institution
which marks the effective use of knowledge. [3]
expresses that the problem is that it is such a “wide
open area of study that it is difficult to understand
the implications of Knowledge Management for
an educational setting”. But [4] explains “Knowledge Management should not strike higher education institutions as a radically new idea; rather it
is a new spin on their raison d’etre.” They viewed
KM as a process of transforming information &
intellectual assets into the ones of enduring value, while [5] visualize it as an entity’s systematic
and deliberate effort to expand, cultivate and apply available knowledge in ways that add value
1682

to the entity, in the sense of positive results in accomplishing its objectives or fulfilling its purpose.
According to [6] educational institutions however
seem to be working in a more complex way, as
these organizations are adaptive and are social systems where people co-operate with technologies
to evolve processes to achieve common goals. Just
as ecosystems rejuvenate themselves through cycles and seasons, educational organizations grow
and revitalize themselves through the knowledge
they create, their processes facilitate passing that
knowledge on to others and the exchanges and relationships that they foster among people.
Using Knowledge Management techniques and
technologies in higher education is as vital as it is
in the corporate sector. If done effectively, it can
lead to better decision-making capabilities, reduced
“product” development cycle time. Colleges and
universities have significant opportunities to apply
Knowledge Management practices to support every part of their mission—from education to public
service to research. But implementing Knowledge
Management practices wisely is a lesson that the
smartest organizations in the corporate and not-forprofit sectors are learning all over again [4].
There is a difference in ranking in two universities with identical numbers of faculty, degree
programs, expenditures, and enrollment as those
surveys conducted by U.S. News and World Report. The difference is often intangible value that
is added by effective Knowledge Management. As
public, private, and for profit higher education institutions alike respond to the phenomenal growth of
online courses, cyber colleges, and virtual universities, these same reasons to adopt KM apply. It is
with KM that colleges and universities will be better able to increase student retention and graduation
rates; retain a technology workforce in the face of
severe employee shortages; expand new web-based
offerings; work to analyze the cost effective use of
technology to meet more enrollment; provide information, not just data, for management; and compete in an environment where institutions cross the
national borders to meet student needs anytime/
anywhere [7]. Universities also rely on faculty-generated knowledge and traditional means of discovery and transmission of knowledge.
There is a general agreement that the primary
processes associated with the management of
Volume 7 / Number 4 / 2012
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knowledge include generating, codifying, and
transferring knowledge. Generating knowledge
refers to the sub-processes of searching, capturing, and creating knowledge. Basically, knowledge generation includes knowledge acquired by
an organization as well as that knowledge developed within. In universities, the use of outside
consultants and borrowing from other divisions or
organizations are examples of generating knowledge. Codification encompasses the sub-processes of storing, categorizing, and mapping of tacit
knowledge, rendering it explicit. In universities,
databases, directories, procedural handbooks and
email messages are examples of codified knowledge. Finally, transferring knowledge refers to the
sub-processes of distributing and sharing organizational knowledge. The transfer of knowledge is
key to organizational success, quality and competitiveness. In universities, publications, presentations, websites, white papers, policies and reports are examples of mechanisms used to transfer
knowledge. The main challenge confronting institutions of higher education, however, is to shift the
emphasis placed on key skills, business processes,
and technologies in order to create systematic and
well integrated approaches to generate, codify and
transfer knowledge throughout the institution.
The objectives of the research are:
– To identify the preferred KM technologies
in IHTEs.
– To identify the critical success factors (CSFs)
affecting the success of KM implementation
in higher Technical Institutions in India.
– To identify the important factors influencing
knowledge sharing.

Figure1. Research Model
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Hypotheses
H1: ICT positively affects the perceived relative advantage of knowledge sharing.
H2: Web based technologies are preferred to
user based technologies for knowledge sharing in
IHTEs.
H3: Knowledge Sharing may be positively related with ICT Status of the IHTE and KM Technologies
H4: Knowledge Acquisition and Knowledge
Storage are important factors influencing Knowledge Sharing.
Research design and methodology
For the purpose of implementing KM for higher educational institutions, a structured questionnaire was designed to elicit the views of the academia. This questionnaire has been used to find
out which aspects according to them are considered most relevant in research, curriculum development and alumni services for inclusion in the
KM. The results of the survey highlighted that the
instrument was reliable (Cronbach Alpha: 0.875)
and content was validated by a panel of experts.
The data was collected from 141 respondents from
30 higher Technical educational institutions in India in which both national as well as state level
institutions were included. An effort was made to
cover selected top Institutions in Engineering and
Management from all over India chosen from the
best ranked institutions as given by Survey conducted by AC Nelson in India Today. Statistical
tools have used to analyse the data through SPSS
17. The results of this analysis have formed the
input for the design of a curriculum portal. The
survey instrument comprised four sections:
– Section I covered the need of Information
and Communication technologies for
Implementation of KM in IHTE.
– Section II dealt with identifying those KM
technologies which the academia felt could
be leveraged to a greater extent.
– Section III of Questionnaire focused
on getting inputs and suggestions from
academia regarding Knowledge acquisition,
Knowledge storage and Knowledge
dissemination.
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Results and discussion

– Section IV covers the KM success factors.
– Section V covers the perceived benefits of
KM
From the identified list of measurement factors, respondents were asked to rank their opinion
about these issues using a 5-point Likert scale for
each of the issues. Designations of the targeted respondents in the IHTEs have been categorised into
two sections. First one consist of management, senior academia i.e. Professors, Assoc. Professor.
These were considered to be the best addressees
because they are the overseers of their institutions’ operations and are likely to be the “thought
leaders” of KM. While it is possible to argue that
questionnaires should be forwarded to the CKO,
the knowledge manager or the like, such positions
are still not common in practice [8] . Second section consists of Assistant Professors, Lecturers
and Research scholars who will be using and also
contributing to the KM system. Table 1 gives the
item-wise reliability of KM technologies, strategies and Perceived benefits. Item-wise reliability
varies from .754 to .924.

ICT in IHTE
People like [9] advocate IT to connect people
with reusable codified knowledge. Others think
that technology has little to do with KM. Success
of KM is related to appropriate culture rather than
technology [10-11]. However, it is human nature
to create and use tools. Thus it is not wise to deny
or ignore technology which shows an aspect of
human complexity [12].
H1: ICT positively affects the perceived relative advantage of knowledge sharing.
The results depicted in table 2 confirm that
the academia strongly supports the use of ICT in
education and believe that it will enhance knowledge sharing. All the 30 institutions covered in the
survey considered ICT very important for Knowledge Management. Regarding ICT status of
IHTEs surveyed, there was almost consensus regarding ICT skills and applications needed to keep
the pace with world in the knowledge age and this
got the first rank. The usage of ICT will improve
knowledge sharing among educator and students
was placed at second rank. There was difference

Table 1. Item wise Reliability
S. No.
1.
2.
3.
4.
5.

Factor
Information and Communication technologies status and KM technologies
Knowledge Management and Research Repository
Knowledge Management and Research Portal
Knowledge Management and Research Benefits
Total

No. of
Items
9
3
6
9
27

Cronbach
Alpha
.819
.843
.897
.820
.832

Table 2. ICT in IHTE
S.
No.

Mean

Std.
Dev.

45 44

4.74

.46

431
/500

86.2

1

1

15 38 46

4.54

.61

429
/500

85.8

3

2

15 38 45

4.55

.64

424
/500

84.8

2

1

2

3

4

1

ICT skills and applications are needed
to keep the pace with world in the
knowledge age

-

2

9

2

Educators can use the new technology
to improve their teaching, give it
more variety e.g. power point shows,
web discussions, URL collections,
websites.

-

3

The usage of ICT will improve
knowledge sharing among educator
and students.

-

1684

5
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of opinion regarding whether Educators could use
the new technology to improve their teaching, to
give it more variety e.g. power point shows, web
discussions, URL collections, websites. As most
of the Institutions were in the implementation
stage of KM and hadn’t switched to complete
KM adoption, the levels of infrastructure at many
IHTEs hindered the adoption of KM.
Knowledge Management Technologies
Knowledge sharing can take different forms.
It can be done without technology. Face-to-face
contact is always the natural way to communicate.
When people cannot see each other, they can send
letters, though it takes time. Twentieth century technology has helped - by means of telephone, telegraph, television, and fax, to name some notable
examples. The coming of the internet and new IT
tools makes knowledge sharing inseparable from
a consideration of computer technology [5]. Three
areas which IT contributes to KM are: information
resources management, creating knowledge bases,
and collaborative technologies [13]. IT acts as a
catalyst which enables and facilitates the process
of knowledge sharing, though appropriate organizational environment is also essential [14]. I also attach a figure below illustrating my reflection on IT
and knowledge sharing in school. After analysing
the response of academia towards the use of ICT,
for knowledge sharing and improving teaching, the
next step was to find out technology with which the
academia is most comfortable with or most widely
used. The academia was asked to rate the ICT ac-

cording to their preference or usage in the IHTE
and following options were given.
Factor analysis was done on the collected data
regarding KM technologies. The results highlighted two factors namely web based technologies
and user based technologies. These both factors
account for 61.207 percent of total variation as
shown in table 3.
H2: Web Based technologies are preferred to
User based Technologies
The results of factor analysis highlight that Web
based technologies are preferred to user based
technologies. These are i) Internet, ii) Intranet
and iii) Extranet and they explain 40.971 percent
of variation. The next factor viz. user based technologies consist of i) Data Warehousing, ii) Document Management, iii) Blog, iv) Decision Support
Systems, v) Artificial Intelligence and vi ) Groupware. This factor explains 20.236 percentage of
total variation. Thus the academia has chosen the
web based technologies, i.e., internet and intranet
as most widely used among the existing ICTs. In
terms of mean, score of web based technologies is
3.89 and is higher than mean score of user based
technologies is 2.69.
Educational Institutes like business organizations need to capture, manage and store knowledge from materials and resources accumulated
by information technology. Their effective management and utilization has become an important
issue. Knowledge management principles may be
employed to make them easily available to users
for retrieval and sharing [15]. [16] mentions that
in enriching digital resources for schools, knowl-

Table 3. Web Based Technologies
Fac.
No
1

Factor Name
Web Based
Technologies

Eigen
Value

Total % of
Var.
40.971

i. Internet
ii. Intranet
iii. Extranet

20.236

i. Data Warehousing
ii. Document Management
iii. Blog
iv. Decision Support Systems
v. Artificial Intelligence
vi. Groupware

3.687

Mean Score of Web Based Technologies

2

User Based
Technologies

1.821

Mean Score of User Based Technologies
Volume 7 / Number 4 / 2012

Items

Item
Loading
0.861
0. 860
0.811
0.655
0.595
0.680
0.681
0.661
0.656

Mean

S.D.

4.71
3.71
3.24

.494
1.208
1.180
3.89
2.93 1.316
3.51 1.168
2.34 1.194
2.49 1.192
2.29 1.213
2.56 1.288
2.69
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edge management strategies will be adopted to facilitate the usage and sharing of resources and experiences (Goal 4). This by and large, remains on
paper only. Schools need guidance in formulating
strategy to handle the mountain of files and materials. In several areas the school needs advice:
Knowledge Management System in IHTEs
To stay competitive in the education industry, institutional members must promote knowledge sharing [17]. Regarding Knowledge Management System in IHTEs topmost priority has been given to values system or culture intended to promote knowledge
sharing, followed by using partnerships or strategic
alliances to acquire knowledge. Least Priority has
been given to rewarding the employees monetarily
or non-monetarily. In case of Knowledge acquisition Subscription to external databases or journals
got the highest preference, followed by encourages
faculties to participate in project teams with external
experts. IHTEs are not yet even into documenting
the procedures, i.e., what and why the changes are
made in curriculum, leaving aside capturing and using knowledge obtained from research institutes viz.
universities and government laboratories.

Regarding Knowledge Management System in
IHTEs topmost priority has been given to values
system or culture intended to promote knowledge
sharing, followed by using partnerships or strategic alliances to acquire knowledge. Least Priority
has been given to rewarding the employees monetarily or non-monetarily.
In case of Knowledge acquisition Subscription
to external databases or journals got the highest
preference, followed by encourages faculties to
participate in project teams with external experts.
IHTEs are not yet even into documenting the procedures, i.e., what and why the changes are made
in curriculum, leaving aside capturing and using
knowledge obtained from research institutes viz.
universities and government laboratories.
To what extent IHTEs use the method to store
the knowledge, Department wise database got the
highest rating followed by Portal and least priority
to “best practices and lessons learned” database.
One basic reason has been that IHTEs are yet to
implement KM fully and they are in partial or initial implementation stage.
This exposes us to the reality of IHTEs where
even Knowledge sharing is not proper, what to
talk of KM implementation. Still relying on writ-

Table 4. Knowledge Management System in your Higher Educational Institute
To what extent your institute
Mean
1.
is inclined towards having/have written KM policy or strategy
3.43
2.
has a values system or culture intended to promote knowledge sharing
3.56
3.
uses partnerships or strategic alliances to acquire knowledge
3.54
4.
rewards the employees monetarily who share the knowledge
2.87
5.
rewards the employees non monetarily who share the knowledge
3.28
Knowledge Acquisition
Your institute regularly
captures and uses knowledge obtained from research institutes including
1.
3.61
universities and government laboratories
dedicates resources to detect and obtain external knowledge and communicate
2.
3.67
it with in the institute
3.
encourages faculties to participate in project teams with external experts
3.75
documents the procedures e.g. what and why the changes are made in
3.56
4.
curriculum.
5.
Subscription to external databases or journals.
3.75
Knowledge Storage
To what extent your institute uses the method to store the knowledge
1.
by having the department wise database
3.96
2.
by using the portal system
3.44
3.
by maintaining “best practices and lessons learned” database
3.18
1686

Std Dev Rank
1.09
3
0.88
1
0.98
2
1.23
5
1.10
4

1.11

4

1.04

3

0.99

2

1.13

5

0.93

1

1.17
1.26
1.19

1
2
3
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ten documentation, there is a valid reason to generate awareness regarding KM implementation to
enhance teaching and Research in IHTEs. In this
globally competitive environment, KM implementation in IHTEs should demand the highest priority.
KM Success Factors
Finally the study focused on identifying the
KM success factors. Four factors have been considered. These are: Leadership; Culture; Structure, roles and responsibilities; and Information
technology infrastructure. Information technology
infrastructure got the highest rating, followed by
Organisational Culture. A number of earlier studies have supported the role of Culture in KM implementation. According to [18] KM cannot be established and implemented without the support of
knowledge - friendly culture. [19] also supported
that one of the most important conditions leading
to the success of a KM project in their survey is
knowledge - friendly culture where employees are
bright, intellectually curious and are willing and
free to explore without fear. [20] and [21] opine
that managing knowledge is about creating an environment within your organization so that people

can openly share their experience and transfer
knowledge. Moreover a collaborative culture is
an important condition for knowledge transfer to
happen between individuals and groups. [22].
Although many researchers [23-25; 19; 26- 3132] insisted that top - management leadership and
commitment are the most critical factors for a successful knowledge management project, particularly in knowledge - creating and culture - sharing
activities. The results of present study don’t fully
support it as this factor has been ranked the lowest.
In fact, it has been reported that over 40 % of Fortune 1000 companies have Chief Knowledge Officers [23]. From the ANOVA results also leadership and Structure, roles and responsibilities don’t
emerge as significant variables for Knowledge
sharing. F Value is significant for other variables,
viz. Culture and Information technology infrastructure. As in the present study earlier researchers have also identified information technology
infrastructure as an element crucial to the linkage
of information and knowledge integration in organizations [33-35].

Table 5. KM Success Factors
S No
1.
2.
3.
4.

Factors

Mean
4.34
4.49
4.42
4.59

Leadership
Culture
Structure, roles and responsibilities
Information technology infrastructure

Std. Dev
.75
.66
.57
.53

Rank
4
2
3
1

Table 6. ANOVA for KM Success Factors and Knowledge Sharing

Leadership

Culture
Structure, roles and
responsibilities
Information
technology
infrastructure

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
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Sum of
Squares
13.027
70.945
83.972
11.892
33.867
45.759
13.123
53.728
66.851
15.223
30.734
45.957

df
19
121
140
19
121
140
19
121
140
19
121
140

Mean
Square
.686
.586

F

Sig.

1.169

.295

.626
.280

2.236

.005**

.691
.444

1.555

.079

.801
.254

3.154

.000***
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Factors influencing Knowledge Sharing
Knowledge Sharing
Knowledge Sharing is used as dependent variable. The items used for measuring knowledge
sharing are:
1. regularly updating databases of good work
practices, lessons learnt
2. preparing written documentation such as
lessons learned , training manuals, good
work practices, articles for publication etc.
3. Internal lectures, knowledge sharing
seminars.
4. sharing via intranet
5. knowledge sharing committees
The Independent variables used are:
1. ICT Status
○ ICT skills and applications are needed
to keep the pace with world in the
knowledge age
○ The usage of ICT will improve knowledge
sharing among educator and students.
2. Knowledge Management System
○ Inclination towards having/have written
KM policy/strategy
○ Institute values system is culture intended
to promote knowledge sharing
○ Institute uses partnerships or strategic
alliances to acquire knowledge
3. Job Profile
○ Senior academia, i.e., Professors,
Associate Professors, the “thought
leaders” of KM.

○ Assistant Professors, Lecturers and
Research scholars- the major users of the
KM system.
4. Knowledge Acquisition
○ Subscription to external databases or
journals.
○ encourages faculties to participate in
project teams with external experts
○ dedicates resources to detect and obtain
external knowledge and communicate it
within the institute
5. Knowledge Storing
○ by having the department wise database
○ by using the portal system
○ by maintaining “best practices and
lessons learned” database
Results of forward step –wise Regression analysis highlight that Knowledge Sharing is positively
related with ICT Status, KM Policies, Knowledge
Acquisition and Knowledge Storage. Thus the
third hypothesis H3: Knowledge Sharing may be
positively related with ICT Status of the IHTE and
KM Policies has been accepted. It may however be
pointed out here that the value of B for ICT Status is
quite low and is 0.110 and is not significant. However for KM policies B is 0.169, but is significant.
Regarding the next hypothesis viz. H4: Knowledge Acquisition and Knowledge Storage are important factors influencing Knowledge Sharing in
IHTEs, the results as depicted in table show that B
for Knowledge Storage is 0.471. T-test highlights
that the value is significant at .01 percent. For
Knowledge Acquisition the value of B is 0.168,

Table 7. Factors influencing Knowledge Sharing
Variable
(Constant)
Job Profile
ICT
KM Policies
Knowledge Acquisition
Knowledge Storage

B
.636
-.153
.110
.169
.168
.471

SE B
.477
.066
.100
.086
.092
.056

b
-.132
.067
.158
.153
.535

t
1.335
-2.327
1.100
1.954
1.823
8.387

Notes: R=0 .764; R2 = 0 .584; Adjusted R2=0.568; S.E of Regression= 0.545; DW=1.733;
F-statistics=37.834 ; Significance (F- statistics) < .001
Dependent Variable: : Knowledge Sharing
Predictors of Model:(Constant), Job Title , KM Policies, Knowledge Acquisition, Knowledge Storage
Variables Removed: ICT status
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P
.184
.021*
.273
.053*
.007*
.001***
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but is significant. Thus the present hypothesis that
Knowledge Acquisition and Knowledge Storage are important factors influencing Knowledge
Sharing in IHTEs has been accepted. Knowledge
storage emerges as more important variable than
knowledge acquisition.
Regarding the model as a whole the value of R
is 0 .584 and adjusted R2 is 0.568. Thus the variables chosen explain 56.8 percent of total variation. The value of Durbin Watson is 0.733. F-statistics is 37.834 and is significant at .01 percent.
Based on the study results and discussion, it
could be concluded that the usage of IT and organisation culture are significant variables that
affect knowledge sharing and Dissemination in
IHTEs. There has been a consensus regarding ICT
skills and applications needed to keep the pace
with world in the knowledge age and this got the
first rank. The usage of ICT to improve knowledge
sharing among educators and students was placed
at second rank. Web based technologies like Internet, Intranet and extranet are preferred to user
based technologies. [9] and [12] advocate IT as a
potent tool for Knowledge sharing and Dissemination. However, investment in technology may
not be the only factor that could enable knowledge sharing. Other factors, social and cultural, in
particular are worth considering. In this respect,
support of one another, learning culture, might in a
collectivistic society, like Saudi Arabia, promotes
the willingness of students to share knowledge
among themselves [36].
Knowledge acquisition Subscription to external
databases or journals got the highest preference.
Department wise database got the highest rating
followed by Portal. For KM dissemination Internal
lectures, knowledge sharing seminars got highest
priority, followed by preparing written documentation such as lessons learned, training manuals, good
work practices, articles for publication etc. [15] also
is of view that Knowledge management principles
may be employed to make them easily available to
users for retrieval and sharing. KM sharing and Dissemination is very important for IHTEs. According to Kim and King (2004) Knowledge creation,
sharing and dissemination are the main activities in
knowledge management. Being part of knowledge
management (KM) process Organisational Culture
emerges as a strong success factor, while leadership
Volume 7 / Number 4 / 2012

was ranked lower. Earlier studies also highlighted
organisational culture as a critical success factor
[18-19; 21-22].
The Predictors of Knowledge sharing are: Job
Profile. KM Policies, Knowledge Acquisition,
Knowledge Storage.
Variables ICT status doesn’t emerge as significant variable and has been removed from the model. From the other predictors, Knowledge Storage
emerges as the most important variable in the
model. [37] suggest that combining or integrating
knowledge in different parts of the organization
reduces redundancy, enhances consistent representation, and improves efficiency by eliminating
excess volume. Thus Knowledge sharing is very
important and can play a dominant role in enhancing competitiveness in IHTEs.
Conclusion
IHTEs in India are at the initial stage of Implementation of KM. Knowledge Storage emerges
as the most important factor influencing Knowledge sharing while other predictors are: Job Profile, KM Policies, Knowledge Acquisition. Like
other studies Culture also emerges as important
variable influencing knowledge sharing in IHTEs.
In KM technologies, respondents have preferred
web based technologies like Internet and Intranet
to other knowledge sharing technologies.
Future research
One of the chief limitations is that the sample
size is relatively small and needs to be increased.
To account for the sample size limitations of the
study, further studies can consider respondents
from more IHTEs, to ensure more generality of
the findings. In addition to the learning culture,
further studies can expand this study to include
other factors that may impact students’ Knowledge sharing. Also, the impact of IT on collaborative learning is another area where further research
could be viable.
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Abstract
Globalization represents the process of establishing the liberal movement of people, capital
and information. Products and services are usually
designed for an unknown buyer. That type of trade
is always associated with risk.
The risk may be lower or higher, but is always
present. Risk can not be eliminated but can be
controlled. The risk is undesirable necessity with
which the companies still exist. To survive in the
modern market, means to manage risk. It is necessary to manage risk.
Unpredictable changes and unforeseen events
cause uncertainty. Uncertainty is a major risk factor. All the disorders in relation to regular status
are essentially risk. If the risk is complex and uncontrolled, it causes a crisis. The crisis is a worm
that corrodes the company ,,at the base.’’
Risk management process consists of the stage
of risk assessment and risk control stage. Stage of
risk assessment includes identifying risks, assessing the probability, impact assessment and determination of priorities. Control risks involves the
measurement of risk, allocating responsibilities
and planning.
Key words: risk management process, risk
control, difficulties, disorders and crisis, assets
risk, risk assessment.
Introduction
Forecasting is always a matter of evaluation of
future events. There are no parameters for a secure future predictions. Unforeseen changes and
unexpected events cause uncertainty. Uncertainty
is a synonym for risk. When dealing with risk, besides counting on expected changes, we must also
count on unpredictable changes and trends. The
risk includes the factor of predicted and the factor of unpredicted changes. Uncertainty is a major
risk factor. To successfully manage the company,
means, first of all to successfully manage risk.
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To effectively manage the risks phenomenon,
we have to explain it from several aspects. To better understand the concept of risk, we must turn to
the role of information. Often one side of the market does not know enough about the other side in
order to properly make business decisions. Such
inequality is a kind of risk known as asymmetric
information. Asymmetric information represent
insufficient knowledge of one side over another
when making business decisions.
The problem of asymmetric information leads
to the risk of negative selection and moral hazard.
The risk of negative selection occurs before the
company makes a certain decision. For example,
demand for bank credit often provide clients with
high credit risk. They are convinced that they
probably will not get credit. If their request is positively resolved, they are assured that they will not
return the credit to the bank.
Moral hazard occurs after the company makes
a business decision. For example, the borrower engages himself into high risk activities after he was
granted a loan. This reduces the chances for the
approved loan to be paid on time. Borrower may
spend the credit by no intention for jobs that carry
a high yield, but also a high risk. Collapse is more
likely to occure in such jobs then the large profit.
The risk may be material and immaterial. Material risk means the loss or damage of any object
or material thing. Immaterial risk means the loss
of reputation, which can have serious consequences for the success of the organization.
1. Difficulties, disorders and crisis in
business
The concept of crisis comes from the Greek
word ,,krisis”, which means a turn, disorder, irregular status, confusion. This is a special stage in the
development of a phenomenon. The crisis is a turn
of affairs in relation to the former course. The crisis is full of turmoil, but each shows a movement.
Volume 7 / Number 4 / 2012
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Although unacceptable and destructive, movement
can be explained when the system contradictions
are known.
To understand the concept of crisis in companies, it is necessary to define the terms ,,difficulties” and ,,disorder” in business.[3] Difficulties
are irregular status, inconsistency with the normal
flow of business. Difficulties are milder form of
disorder in the company. They occur before the
disorder. However, their frequent actions affect
the occurrence of disorders. If difficulties in the
collection of claims persist longer, they cause disturbances in the form of illiquidity. If difficulties
in the company (in respect of procurement of raw
materials) persist longer, they lead to disturbances
in the production process.
Results in the company which are on the margins of the positive, cause disturbances in the
business. The company has no profit in business,
and shareholders don’t get their dividends. It is
obvious that the disorders have emerged. If not
stopped, business will be more complicated. The
company must take effective measures to remove
the causes that led to this state. The occurrence of
difficulties and disorders are affected by the same
factors. If they work longer, the difficulty slowly
turns into disorders. The difficulties that are not
eliminated on time generate into disorders.
The crisis is the impossibility of the company
to adapt to the market conditions and scientifictechnical development. The crisis involves difficulties and disorders of the higher level. The effect
is complex and multilaterale. Causes of the crisis,
external and internal, are similar as well as with
the difficulties and disorders.
The crisis cause the state of insolvency in the
company. Insolvency occurs when liabilities exceed the amount of funds. It is the state when the
losses exceed the capital of the company. Insolvency is a state of crisis in the company. Graphical
difficulty, disorder and crisis in the business could
look like Figure 1-1.
Here we have:
P = planned
X = total company expenditure
Y = total company income

Figure 1-1. Early detection of the crisis in the
business
It rarely happens in practice that one factor acts
in isolation from others. Frequently a number of
factors act simultaneously. Crisis in the company’s
business are not the result of an action, but several
different factors. Then the problem is much bigger, because it is a matter of complex disorders.[5]
Determining and eliminating the causes of difficulty, disorder and crisis in the business is done
in three stages:
1. prognosis,
2. diagnosis, and
3. therapy and consolidation.
Prognosis model represents the first phase of
possible assumptions, factors and elements of crisis
events. Diagnosis model is a phase of determining
specific factors and elements that cause crisis events.
Intensity of crisis events is determined at this stage.
Therapy model represents the last phase of concrete actions to overcome crisis events. All phases
are interconnected. In this way, a process of control and management of crisis events is created.

Figure 1-2. Model prediction, diagnosis and
therapy
Volume 7 / Number 4 / 2012
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2. Risky and risk-free assets
Expected value under uncertainty and risk
is different. It depends on the types of assets in
which to invest. The company can invest in two
different forms of assets, namely:
1. risk-free assets, and
2. risky assets.
Risk-free assets always brings a fixed rate of
return. For example, government bonds make a
fixed salary, regardless of what happens in the financial markets.
Risky assets have variable rates of return, e.g.
investing in shares. If the situation on the longterm securities market is favorable, investment in
shares will be paid off. If the situation is unfavorable, the investor will have a loss.
The expected yield of risky assets is higher
than the fixed yield of risk-free assets. The investor would never have invested in risky assets, if
it had the same expected return as investment in
risk-free assets. Investments in risky assets carry a
higher expected yield, but also greater risk.

Figure 1-4. Yield line of risky and risk-free assets
Risk price =

Amount of certain risky assets depends on its
correlation with the yields of other types of assets.
The value of an asset is much more dependent on
its correlation with yields of other types of assets,
rather than its own expected value. The value of an
asset depends on its correlation with other forms
of assets. If the different types of assets are moving in the opposite direction, they are negatively
correlated, and the total risk is reduced.
It is desirable to measure the risk of an asset in
relation to shares risk and capital markets in general. Shares risk in relation to market risk is called
the βeta shares coefficient. If ,,x” represents a specific share, its risk in relation to the capital market
looks like this:[1]
βx =

Figure 1-3. Risk and return relation in the business
The company decides what will be the relationship between risk and risk-free assets in its balance. Risky forms of assets are dominant in the
companys portfolio of assets. Management of the
company does it in order to realize projected revenues. Venture forms of assets bring the company
a high income. Risk-free forms of assets bring the
company a lower income.
Price risk is measured by the ratio of risk and
return of certain asset. Price risk is formed when
selecting a portfolio of company’s assets.
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Risk
Income

level of risk of assets , , x' '
level of stock market risk

Beta (β) shares coefficient occurs in 3 variants:
1. If the beta coefficient of a share βx = 1, the
share is risky as much as stock market is
risky as a whole.
2. If the beta coefficient βx> 1, the action is
riskier than the stock in general.
3. If the beta coefficient βx <1, the action is
less risky than stock market in general. For
example, if stock market rises by 10 percent,
specific action ,,x” will rise less than 10
percent.
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Beta coefficient determines the degree of sensitivity of shares in the capital market. Beta coefficient is an important indicator for making investment decisions.
All types of assets on the market make the same
rate of return adjusted for risk. Therefore, it is necessary to make an adjustment for risk. Optimal
property portfolio contains risk and risk-free types
of property. Risky type of asset is diversified portfolio, which contains different types of risky assets.
The amount of risk in a particular type of asset ,,x”, in relation to the overall market risk is
expressed by beta coefficient. In order to measure
the amount of risk in an asset, it is necessary to
multiply the beta coefficient with difference of
risk between risky and risk-free assets. In this way
we get a correction for risk. Correction of the risk
is expressed as follows:

3. Risk and control management process
Risk management process is divided into two
phases:
1. risk assessment, and
2. control risk.
Control risks involves the previous risk assessment. Risk assessment includes the following
phases:
a) risks identification,
b) assessment of probability,
c) impact assessment, and
d) priorities determination.

All types of assets on the market have the same
rate of return after adjustments for risk. After adjustment for risk, all types of assets are in balance
and have the same rate of return. All types of assets in the balance must be included on the same
line. The line is called the market line. Market
line is a combination of the relationship between
expected return and beta coefficient of the asset
that is in balance. Trade lines can be represented
graphically in the following way:

Risks identification means recognizing the impact of external and internal factors in the business. External factors are numerous. Operation
of the market and technological process have the
greatest impact. Internal factors are a reflection
of: a) strategy and organization, b) planning and
management, c) management skills, and d) the efficiency of operations.
Assessment of probability involves certain parameters, methods, models, tools and techniques
of risk ranking.
Impact assessment means determining the sensitivity of operations in relation to the possibility
of the existence of certain kinds of risk.
Determination of priorities is determined depending on the impact of risk on the business and
the degree of certainty occurrence of certain risks.
Company’s management must make a permanent
risk assessment, in order to reduce it’s negative effect on the business.
Risks control involves the following phases:
a) risk measurement,
b) allocation of responsibilities, and
c) planning.

Figure 1-5. Market line of the asset

Control risk is a measurement of the intensity of
risk with the established indicators, methods, models and systems of company’s risk management.
Allocating responsibility means: a) recording
and determining the risk according to the place of
responsibility for risk management, and b) determining the type and importance of risk. Effective
risk management requires establishing personal
responsibility for the consequences and the damage that the company had.

Correction for risk = Bx (Rir-Rif)
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Planning of risk can be preventive and later.
Preventive planning is done to alleviate possible
risks in the business. The company determines the
specific actions and procedures in operations and
provides estimates and predictions of how to develope in the future.
Subsequent planning is done in case of emergency and sudden events. The aim is to alleviate
the harmful consequences of already incurred risk.
Insurance premiums, deposit insurance and collateral bonds are the most important instruments of
the subsequent planning of the bank.
Risk management must be proactive. Proactive
risk management implies that the company must
have clear, measurable and repetitive processes for
risk management. All members of the company’s
management must proactively think about the risks
and create plans for preventing risks. Plans must be
permanently changed and refreshed with new information and indicators. It is a continuous process of
monitoring existing risk and detecting potential risks.
Different phases are defined in the process of
company’s risk management. According to one
opinion, risk management is carried out in five interrelated phases:[2]
1. identification of risk exposure,
2. assessment and risk assessment,
3. control risk,
4. financing risks, and
5. risk management.

Figure 1-6. Risk management process in the
business
Risk management is the management process
which must be continuous. The company must
permanently: a) identify the risk, b) assess the risk,
c) control the risk, and d) finance the risk. Each of
these stages in the process of risk management has
several important elements.
The process of determining and overcoming
risk factors is done through the following phases
of the process of company’s risk management:
1. prognosis of risk,
2. diagnosis of risk,
3. risk therapy, and
4. consolidation of risk.
Prognosis of risk is the first phase of organization’s risk management. Company’s management
collects data on the basis of which it identifies the
type of risk.
Company’s management establishes the amount
of risk during the diagnosis phase, on the basis of ob-

Table 1-1. Risk management process in the business
Elements
I Identification of
exposure
II Risk assessment

III Risk control

Guiding Principles
1. Complete knowledge of resources.
2. Complete knowledge of the main exposure to random losses.
3. Knowledge of resources ,,values”.
4. Measurement of ,,current” risk.
5. Prediction of ,,future” risk and losses.
6. Coordination of risk control within the objectives of the organization.
7. Creating incentives for risk reduction and potential or actual cost of losses.
8. Maintenance of systematic monitoring of effectiveness of various risk control programs.

IV Financing risk

9. Applications of broad access to financing risks using all available funds.
10. Maintaining adequate financial protection from the ,,disaster”.
11. Allocation of costs of financing risks within the operating units on an equitable, reasonable and acceptable basis.

V Managementadministration

12. The involvement of top management.
13. Clearly shaped structure of risk management.
14. Clear movement toward the annual goals.
15. Firmly communication with all levels who participate in the management process.
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tained information. The company identifies: a) risk
factors, b) the intensity of risk, and c) the impact of
risk on the result of the company. The company performs evaluation and risk assessment. The company
has full access to all segments of particular risk.

Figure 1-7. Business risk management circular
flow
In the phase of therapy, companies take concrete measures to overcome the determined risk.
Measures are taken in order to eliminate or reduce
the adverse effects of established risk. The company performs control and risk financing.
Phase of consolidation is the last one. At this
stage there is a reduction or elimination of risk. If
there had been no elimination of risk, organizations continue to monitor risk factors as their adverse effects would not be repeated.
All stages in the process of risk management
are interconnected. Only corresponding synergetic effect of all phases in a homogeneous whole
makes risk management successful. If the phases
of the process of risk management are not in compliance, risk management won’t be successful.
Conclusion
Today, companies are exposed to many risks.
Companies are constantly faced with the risk of
market change and uncertainty in their business.
Assessing and predicting future outcomes in the
market are an indispensable element of the strategy of each company. The basic question that the
company has to address is how to protect the business if the market predictions do not realize? What
are the instruments of protection in case of realization of uncertain outcome? Prediction on one side
and hedging on the other hand, have become an
imperative of modern business companies.
Volume 7 / Number 4 / 2012

Company’s management creates its future,
growth and development. If the company continuously creates higher returns in its accounts, it has
good management. Good management has a proactive approach to company‘s business. Good management anticipates future problems and prepares
to solve problems in business in advance. Bad management is a reflection of the inability of companies
to control their intentions in specific situations. Bad
management turns common business processes
into risks. Every business decision that bad management brings, has a trait of latent risks. Management contributes to the achievement of company‘s
goals. Management is responsible for achieving the
company‘s goals.
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Abstract
In today’s global economy there is clearly a need
for companies to develop further their understanding of the markets in which they operate and skilfully apply this understanding in the creation of
competitive advantage. Consequently, companies
should incorporate the ‘voice of the customer’ into
the design of new products and focus on customer
value, thereby offering total solutions to customer
needs. To identify key factors influencing customer
value the paper proposes conjoint analysis. Conjoint
analysis is a research technique for measuring customers’ preferences, and it is a method for simulating how customers might react to changes in current
products or to new products introduced into an existing competitive market. The paper highlights the
usefulness of conjoint analysis to bridge the information gap between the company and its customers,
by confronting the value the company intends to offer with the value desired by its customers.
Key words: Customer value models, competitive advantage, conjoint analysis, attributes, utility, preferences, product development.
1. Introduction
Given the increasing intensity of market competition, the attitude towards the customer is
very important; their role has changed from that
of a mere consumer to the role of consumer, cooperator, co-producer, co-creator of value and
co-developer of knowledge and competencies
[1]. Moreover, the complex competitive market
environment has led to the increase in customer
demand for superior value [2]. Therefore, a growing number of companies see customer value as a
key factor when looking for new ways to achieve
and retain competitive advantage [3]. This has led
to increased interest in the creation and delivery
of superior customer value [1, 4], by partially re1698

placing more limited concepts such as quality [5]
or satisfaction [3]. Porter [6] notes that a company’s competitive advantage stems from its ability
to create value for its customers that exceeds the
company’s cost of creating it.
Although customers wish all their needs would
be satisfied at once, it is company’s objective to
understand which needs are most important for the
customer. Walters and Lancaster [7] have stated that
value is created by any product or service attribute,
which motivates the customer to buy the product
and takes him closer to achieving his goals. Therefore, understanding of customers’ most important
needs enables a company to use its scarce resources
in an optimal way, thus creating the most value for
the customer. Clearly company has to make tradeoffs in the performance levels of attributes which
are related to each other. Therefore, it is critical
for companies, especially those technology-based,
to gain an accurate understanding of the potential
value of their offerings and to learn how this value
can be further enhanced [3]. Accordingly, the clear
estimation of the value a product or service might
offer to the customer has become a topic of growing
interest in the field of industrial marketing [8].
While the conceptual importance of customer
value is increasingly recognized in the marketing
literature, its application in real-life industrial market studies lags behind, merely because the concept
implementation still poses difficulties to the market
researcher. One of the problems is that customer
value can be defined at different abstraction levels
[9], and consequently, has to be measured at these
different levels [10]. Basically, two abstraction levels of customer value can be distinguished. The
first-order level consists of the trade-off between
the perceived benefits and the sacrifices of a product as perceived by the customers at the purchasing decision. The second-order level consists of the
benefits customers seek to fulfil their goals. This is
Volume 7 / Number 4 / 2012
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the level at which customers think about their needs
before the purchase. The problem is that especially
for new products, these goals and desires at second
order level are often vague and therefore difficult to
assess for the market researcher.
An appropriate approach to determine customer value in the earliest stages of product development process is the conjoint analysis. The conjoint
analysis is a multivariate technique developed to
provide a method for determining the relative contribution of multiple factors to consumer satisfaction. It has been widely used in several fields of
economics as well as in marketing research [11,
12, 13] including the field of health care for eliciting patients’ and community’s preferences for
health services [14]. Furthermore, conjoint analysis is applied to the analyses of decision making
behaviour of both entrepreneurs and human resource professionals in the context of personnel
selection decisions [15, 16].
Conjoint analysis means constructing and conducting particular experiments among customers in
order to model their decision making process. As
the name suggests, potential customers are asked to
make judgments about the attributes that affect their
purchase decisions conjointly, rather than evaluate
each attribute individually. Analysis allows finding
out which product attributes create most value to a
customer and how customers are likely to react to
different product configurations. This information
can lead to the creation of optimal value offers.
The aim of this paper is to confirm the applicability of conjoint analysis for identifying key
determinants affecting customer value in order to
closing the information gap between the company
and its customers.
2. The customer value concept
‘Customer value’ emerged in the 1990s as a
topic of growing interest for companies; for both
academics and practitioners. This concept is considered to be one of a company’s most significant
success factors [3] and has been identified as an important source of competitive advantage [17, 18].
Customer value is also seen as the basis of marketing activities and is regarded as a critical strategic
tool for attracting and retaining customers [19, 20]
and as an indicator of repurchase intentions [21].
Volume 7 / Number 4 / 2012

A number of authors have linked achieving higher customer value to higher profitability for the company. However, it should be noted that just bringing
a product to the market with a high potential customer value is no guarantee for a high market share
or profits per se, because the customer’s purchase
decision is based on a choice between the competing offers in the market place. The attractiveness of
an individual product offer should always be measured relative to competing products [22].
To create customer value a company has to:
– Create the right and differentiating product
resulting in the wanted experience or benefit
looked for in a specific situation by a specific
type of customer;
– Organise that the product is there when
needed or asked for;
– Activate demand by tuning the flexible
characteristics (like price, packaging) to the
specific customer in a specific situation.
As company, marketer or market researcher
one can be innovative in creating value at each of
these three basic functions.
2.1. Categorization of customer value models
Khalifa [23] built a categorization of the customer value concepts, making it clear that although these models were different, they were
not mutually exclusive but overlapped with each
other. Taken separately, each model is incomplete
in itself and its usefulness is limited, because each
category emphasizes certain dimensions of the
concept and pays little attention to others.
According to him, the definitions of customer
value can be grouped into three categories, with
some variations within each category:
– value components models,
– utilitarian or benefits/costs ratio models, and
– means-ends models.
In the value components models, categories are
created that gather the performances or physical
characteristics of a product according to the different relevancies and influences they have in the
customer’s mind. The different classifications or
categories of these features and functions depend
on the models.
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According to Kaufman [24], the principal value elements can be classified as: esteem value or
“want,” exchange value or “worth,” and utility value or “need.” Kaufman defines these elements as
follows: esteem value or “want” invokes the buyer’s
desire to own for the sake of ownership; exchange
value or “worth” explains why the product interests the buyer and how and when the buyer will use
the product. Finally, utility value or “need” is the
primary value element which describes the performance and physical characteristics of the product.
Another model belonging to this category of
value components model -and certainly the most
famous one -is the Kano’s model of customer perception of value. It includes three components of
value: dissatisfiers (must be), satisfiers (more is
better), and delighters (exciters).
The value components models are especially
useful when thinking about product features in the
process of developing new products and/or services. However, since they mostly focus on product
features, they pay modest attention to the interaction and relationship between customers and suppliers in product/service delivery, which can be
another aspect of customer value. Moreover, they
pay much less attention to the full customer activity cycle that goes from need identification through
purchase to use and disposal of the product. Finally, they are also incomplete in that they focus
on customer’s benefits and demote the customer’s
sacrifice side of the value equation, what utilitarian models do take into account.
With utilitarian models, the problem of not
considering the customer’s sacrifice side of the
equation is resolved, and value is defined in relation to pricing as the difference (or ratio) between
customers perceptions of benefits received and
sacrifices incurred. For this particular reason, utilitarian models are also called benefits/sacrifices
ratio models. These models are the most popular
ones and the literature is full of utilitarian definitions of customer value. For example, Woodruff
and Gardial [25] assert that the judgment of value
results from a “trade-off in positive consequences
(benefits) or desired outcomes and negative consequences (sacrifice) or costs”.
Treacy and Wiersima [26] see customer value as
“the sum of benefits received minus the costs incurred by the customer in acquiring a product or
1700

service”. For them, costs include both the money
spent on the purchase and maintenance, and the
time spent on delays, errors, and effort. Both tangible and intangible costs reduce value. Monroe [27]
defines customer-perceived value as “the ratio between perceived benefits and perceived sacrifice”:
Customer perceived value =

Perceived benefits
Perceived sacrifice

......................................... (1)
In Eq. (1), the perceived sacrifice includes all
the costs the buyer faces when making a purchase: purchase price, acquisition costs, transportation, installation, order handling, repairs and
maintenance, risk of failure or poor performance.
The perceived benefits are some combination of
physical attributes, service attributes and technical
support available in relation to the particular use
of the product, as well as the purchase price and
other indicators of perceived quality.
Finally, Zeithaml [28] defines customer-perceived value accordingly: “Perceived value is the
consumer’s overall assessment of the utility of a
product based on a perception of what is received
and what is given”. He points out that perceived
value is subjective and individual, and therefore
varies among consumers.
The common point of all utilitarian models is
that consumers assess value by weighing the benefits received against the costs incurred. It can easily
be argued that they are broader than the value components models and more complete. They consider
customer value in a longer time horizon perspective
and include almost all elements of customer activity cycle. However, they do not pay much attention
to the dynamics of value building and destruction;
they seem to be static rather than dynamic. They
do not link benefits and sacrifices with customer
ends, values and purposes. They also do not offer
much on the importance of different benefits to customers or the significance of sacrifices, nor do they
consider explicitly the consequence of all these on
customer behaviour. The models from the last category, the means-ends models, do take some of these
aspects into consideration.
Means-ends models are based on the assumption
that customers acquire and use products or services
to accomplish favourable ends: means are products
Volume 7 / Number 4 / 2012
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or services, and ends are personal values considered
important to consumers. The means-ends theory, in
other words, postulates that linkages between product attributes, consequences produced through consumption, and personal values of consumers underlie their decision-making processes.
Lanning [29] insists on the fact that the value
that matters is the value in the customer’s experience not the value in the product, and thus gives
the customer value concept a totally different
perspective. He argues that the customer’s resulting experience includes one or a series of related
physical or mental events leading to an end-result
or a consequence that is measurably specific.
In an attempt to consolidate the diverse meansends oriented definitions, Woodruff [3] proposed:
“Customer value is a customer’s perceived preference for and evaluation of those product attributes,
attribute performances, and consequences arising
from use that facilitate (or block) achieving the
customer’s goals and purposes in use situations”.
Woodruff emphasizes that value stems from customers’ learned perceptions, preferences, and
evaluations.
The means-ends models of customer value fill
a gap in the literature by being able to explain why
customers attach different weights to various benefits in evaluating alternative products/services. They
also take into account the negative consequences
of certain product/service attributes but fail to pay
sufficient attention to the sacrifices a customer is
likely to bear in acquiring, using, or disposing of
the product/service (whereas utilitarian models pay
more attention to these elements). They also do not
elaborate on the trade-offs customers are expected
to make between benefits and sacrifices.
2.2. The customer-oriented product
development
The concept of customer oriented new product development can be seen as a special case of
market-based innovation – since it focuses on the
share of market intelligence pertaining to end-users or consumers – developed for the manufacturers of consumer goods. It is an integrated concept
concerning the use of customers’ current and future
needs, and its determinants, in the development of
improved or innovative products and services with
Volume 7 / Number 4 / 2012

added value. The main principles of customer-oriented new product development are that [30]:
– Customers’ needs should be the starting point
of the new product development process;
– The goals of new product development
should be the fulfilment of customer needs
and realisation of customer value, rather then
the development of products or enabling
technologies per se;
– Sales and satisfactory returns on investments
can only be achieved by anticipating,
identifying and satisfying customer needs;
thus the new product development process’s
measure of success should be the degree of
fit between the new or improved product
and customer needs
It is clear that such a customer -oriented approach can greatly increase the likelihood of success of product development process [31].
The key stages in the formulation of the customer-oriented new product design concept follow closely a market-oriented approach: need
identification, idea development to fulfil the need,
product development to substantiate the idea and
the product’s market introduction, communicating
the fulfilment a need. Central here is the ability to
“translate” the subjective consumer needs into objective product specifications, in order to, through
the creation of the core product, substantiate the
fulfilment of these needs.
The Customer value model, presented in Figure
1, shows the product development process from
vague idea to market offer both from the company’s and the customer’s perspective. The model
is based on the SERVQUAL model developed by
Parasuraman, Zeithaml, and Berry [32] to assess
the customer satisfaction of service offerings.

Figure 1. The Customer value model
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At the start of the product development process,
the company may have only vague ideas about the
value it intends to offer to its customers. This value
depends on the company’s perceptions of what the
customer wants, and is based on its strategy, capabilities and resources. In the model, it is marked as
the intended value map of the company. Through
market research, the company will try to match its
intended value map with the preferences and desires of the future users (desired value map) to create a product that fulfils the customer needs. The
term value map is used here, since the customer
value of a product or service can best be described
as a bundle of values, being the aggregation of its
benefits and sacrifices. An information gap may
occur between these two maps. This gap reflects
a situation in which the company has insufficient
information about what the customer desires. Due
to restraints in the company’s strategy and/or marketing capabilities, the company may focus on the
‘wrong’ customer needs.
The value of the product as created by the company and introduced to the marketplace is called
the delivered value map. The delivered value may
differ from the intended value because of technical constrains and/or miscommunication between
marketing and product development departments.
This will result in the design gap. Customers base
their expectations of the product’s performance on
what they perceive. This expectation is called the
expected value map in the model. This map may
differ from the desired value map because there
might not be any product on the market that exactly
matches the customers’ desires. Therefore, customers have to choose that product that best matches
their expectations. In other words, they have to
make a compromise between the value they perceive in the marketplace and the value they would
desire. The smaller this compromise gap, the higher
the chance that the company is successful in winning customers. The perception gap reflects the
potential mismatch between the value delivered by
the company, and the customers’ perception of this
value. How potentially advantageous a product offer might be for customers, if they do not recognize this at the purchasing decision, it is of no use
to the company. A company can try to reduce this
gap by making certain intangibles more tangible via
corporate communication. After the purchase and
1702

usage, customers will evaluate the value they have
received. The outcome of this evaluation is called
the received value map in our model. The satisfaction gap reflects the gap between the expected and
the received value.
3. Conjoint analysis
3.1. The concept and methodology
Conjoint analysis is an experimental approach
for measuring customers’ preferences about the attributes of a product or service. The method was
first suggested within psychometric research [33].
In the early 1970s it was introduced into marketing research by Green and Rao [34], as a method
that portrays customers’ decisions.
Conjoint analysis reveals how people make
complex judgments. The technique is based on the
assumption that complex decisions are made not
based on a single factor or criterion, but on several factors CONsidered JOINTly, hence the term
Conjoint. This approach has been broadly defined
as “any decomposition method that estimates the
structure of a consumer’s preferences given his or
her overall evaluations of a set of alternatives that
are pre-specified in terms of levels of different attributes” [35]. The basic assumption that underlies the decomposition approach is that customers
evaluate the total utility of a product or service by
combining the separate utilities for attribute levels
of that product/service.
Conjoint experiments involve individuals being
asked to express their preference for various experimentally designed, real or hypothetical alternatives.
These hypothetical alternatives are descriptions of
potential real-world alternatives in terms of their
most relevant quantitative and qualitative features,
or attributes; hence, they are multi-attribute alternatives. Typically, the set of relevant attributes is generated by expert opinions, reviewing the research
literature and performing pilot research with techniques such as focus groups, factor listings, or repertory grids. The list of attributes may include an
attribute currently not available (new feature), but
its introduction is under consideration.
In addition to picking out the most relevant product attributes, the performance levels for every attribute have to be determined. A majority of studies
Volume 7 / Number 4 / 2012
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have used 2–4 levels for every attribute [36]. Two
criteria are usually kept in mind when choosing the
product attributes and their performance levels [37]:
– The attribute levels should describe as
closely as possible the real-life situation
facing customers; attributes should be
closely related to those products that are
available to customers.
– It is worthwhile to include factors which
are considered to be company’s key
competencies in gaining a competitive edge.
The performance levels are combined to create
different alternatives called profiles (see Figure 2).
The experimental procedure involves profiles
being presented to respondents who are invited to
express their preference by rating or ranking these
profiles. Preference functions are estimated from
this data, using ordinary least squares regression
for rating the data, and ordinal techniques when the
rankings are obtained. These functions assume preference, or utility, to be a linear-in-parameters function of the attributes that are included in the profiles.

impractical because the subjects’ cognitive limitations and time constraints do not allow for the
consideration of a large number of profiles. Thus,
fractional factorial designs, which assume no interactions between attributes and ensure the absence
of multicollinearity, are used to reduce the number
of profiles. In this reduction process, the goodness
of the reduced designs is especially important.
Having collected the information on individual
preference, the responses need to be analyzed. To
determine the relative importance of different attributes to respondents, the trade-offs that individuals make between these attributes, as well as the
overall benefit taking into account these trade-offs,
a relationship must be specified between the attributes’ utility and the rated responses. The simplest
and most commonly used model is the linear additive model. This model assumes that the overall
utility derived from any combination of attributes
of a given good or service is obtained from the
sum of the separate part-worths of the attributes.
Thus, respondent i’s predicted conjoint utility for
profile j can be specified as follows:

=
U ij

K

Lk

∑∑ b

=
k 1 =l 1

ikl

x jkl =
+ e ij , i 1,...,
=
I , j 1,..., J ,..
......................................... (2)

where I is the number of respondents; J is the
number of profiles; K is the number of attributes;

Figure 2. Relations between the profile, attributes
and the attribute levels
Obviously, the number of possible combinations
increases immensely with the increasing numbers
of attributes or levels. For example, five attributes
with three levels each produce 35, or 243 different
combinations. A set of profiles that consists of all
the possible combinations of the attribute levels is
the full-factorial experimental design. As in most
conjoint analysis studies, the large number of possible combinations of attributes and levels made
it impossible to generate a design based on all the
possible combinations. Namely, such designs are
Volume 7 / Number 4 / 2012

Lk is the number of levels of attribute k. bikl is respondent i’s utility with respect to level l of attribute k. xjkl is such a (0,1) variable that it equals 1
if profile j has attribute k at level l, otherwise it
equals 0. eij is a stochastic error term.
The parameters bikl are estimated by a regression analysis. These parameters, also known
as part-worth utilities, can be used to establish a
number of things. Firstly, the value of these coefficients indicates the amount of any effect that
an attribute has on overall utility – the larger the
coefficient, the greater the impact. Secondly, partworths can be used to calculate the relative importance of each attribute, which is known as an
importance score or value. These values are calculated by taking the utility range for each attribute
separately, and then dividing it by the sum of the
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utility ranges for all of the factors. The calculations are done separately for each respondent i
( i = 1,..., I ) :
FI ik

bU

e ij
=
I , j 1,..., J ........... (5)
Pij = m =
, i 1,...,
bU ij
∑e
j =1

max{bik1 , bik 2 ,...bikLk } − min{bik1 , bik 2 ,...bikLk }
, k 1,...,
=
K exponent b is used to fine-tune the results
The
K
∑ max{bik1 , bik 2 ,...bikLk } − min{bik1 , bik 2 ,...bikLk } so that they reflect the current customer behaviour
k =1

(

)

..bikLk } − min{bik1 , bik 2 ,...bikLk }

)

,...bikLk } − min{bik1 , bik 2 ,...bikLk }

, k 1,..., K ................................. (3)

FIik is the relative importance that ith respondent assigned to the attribute k. The results are
then averaged to include all of the respondents:
1 I
=
FI k =
∑ FIik , k 1,..., K .................. (4)
I i =1
Given that part worth utilities are calculated at
the individual level, if preference heterogeneity is
present, the researcher can find it. Therefore, partworths can be used for post hoc segmentation. Respondents who place similar value to the various
attribute levels will be grouped together into a segment. Segmentation of conjoint part-worths produces true “benefit segments”. This is something
that is sometimes difficult to do using other survey
instruments, because respondents have difficulty
stating what benefits they actually value the most.
It should be noted that there are two types of conjoint data which can be used as variables for market segmentation: importance values of attributes
and part-worth utilities of attribute levels. Consequently there are two types of conjoint-based post
hoc segmentation, also known as preference-based
segmentation: (1) importance-value-focused post
hoc segmentation; and (2) part-worth-focused
post hoc segmentation.
Overall utility scores (Uij) can be estimated for
different combinations of attributes by inserting
the appropriate part-worths into Eq. 2. These utility scores can be further used to predict the market
shares for each of the defined combinations. For
that purpose, a model that uses exponential transformation, also known as the logit model, can be
used: A logit model represents the probability that
customer i will choose the jth profile from a set of
m exiting profiles on the market. The logit model
is expressed as:
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on the market more accurately. However, the real
power of conjoint analysis is the ability to both predict preferences for profiles that weren’t rated by
the respondents, and to perform a what-if analysis.
This can be done using conjoint simulation models.
3.2. Conjoint analysis in the product
development process

In the early phases of the product development
process most options are still open and there are
many degrees of freedom. At each decision and after each phase the degrees of freedom are reduced
and the characteristics of the product are defined in
more detail. Conjoint analysis can be very useful in
this process. The Figure 3 shows the role of conjoint
analysis in the process of developing a new product.
Typically, when a new product is being developed or an existing one is being repositioned, two
issues must be addressed. First, the nature of the
product must be understood in terms of the relevant
attributes of the product and the relative importance
of these attributes in influencing product or brand
choice. Secondly, market segments of relevance for
the new or repositioned product must be identified,
evaluated, and the appropriate target market selected. Do segments exist that exhibit different levels
of preference/importance or utility for the various
product attributes or are such preferences homogeneous across market segments? Conjoint analysis
can be used to provide answers to such questions.
In addition, conjoint analysis examines the trade
-off consumers make when selecting a product over
other competing options.
Many studies confirm, that compared to other
wide-spread customer needs research methods,
like evaluation of single product attributes importance by rating scale or percentage; rank ordering
of product attributes; multidimensional measurement etc., the results obtained with conjoint analysis are more detailed, reliable and easier to understand [38](Pullman & Moore, 1999).
Volume 7 / Number 4 / 2012

technics technologies education management

information, it is possible to develop optimal product configurations. Models based on the results of
conjoint analysis allow predicting the response of
the market to changes in existing product configurations or price before the actual decision is made.
Figure 3. Conjoint analysis in the product development process
In particular, conjoint analysis defines precisely
the performance levels of studied product attributes,
whereby ensuring that respondents and researchers
understand the research question more clearly. The
situation faced by respondents is very similar to their
actual purchasing situation. Namely, evaluating the
profiles (product concepts) is analogous to evaluating the products in the real market. Furthermore, conjoint analysis allows measuring and analysis of consumer preferences even for individual respondents,
thereby enabling the segmentation and clustering of
customers. An additional advantage is that a conjoint
analysis can be conducted on small samples, which is
particular useful in business-to-business settings that
are characterized by a relatively small sample size.
4. Conclusion
This paper provides insight into how companies
can examine customer value in a highly competitive
business environment. To assess and create superior
customer value, conjoint analysis was proposed. By
assessing the desired value map of their customers
using conjoint analysis approach, a company can
acquire a benchmark for its intended value. This
way a company can guide and improve its product
development activities before market introduction,
using the analysis to optimize the delivered value
of its products, and to focus its corporate communication on those value areas which are perceived as
most important by its customers.
Although the conjoint analysis is often mentioned in marketing literature, it is not so often used
in industrial marketing practice. However, conjoint
analysis is a method that can help in product development decisions, because it enables to estimate
the value created to customers with remarkable accuracy. The results of conjoint analysis give a good
picture about the importance of different product attributes in creating value for customers. Using this
Volume 7 / Number 4 / 2012
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Abstract
Outward orientation is that the structuring of a
new model of industrial development in Western
Balkan countries must be carried out in accordance
with the European concept of endogenous, autopropulsive and self-sustainable development based
on scientific knowledge. The main purpose of this
paper is to discuss specific aspects of the structuring
of credit markets in the support of the new model of
development of export industries in their countries.
The research methodology is based on the hypothesis that the solutions for the development of good
credit markets for their finance should look, instead
of strict regulation, a solid legal framework, and a
comprehensive state interventionism, in self-regulation based on the development of a culture of trust.
Among the major obstacles were identified: (1) underdevelopment (authentic) national manufacturing
entrepreneurs, and (2) the dominance of distribution-oriented coalitions in the disposition of added
value and wealth. A key conclusion is that the problem of structuring of the (good) credit market for
industrial finance in the Western Balkan countries
must be considered in the chain of three phenomena
the creation, advancement and defense of common
interest in implementing the following activities: (1)
promotion and development of business culture in
which the timely fulfillment of financial obligations
has a key position, (2) promotion and development
of new techniques for the assessment of creditworthiness, (3) completing the legal and institutional infrastructure for the implementation of collateralized
credits for equipment and reproduction material, (4)
promotion of new forms of credit transfer rights private property in order to create more efficient production-organizational structure of the industry, and
(5) finding new solutions for the financing of export
projects based on the generation and implementation of medium and high technologies.
Volume 7 / Number 4 / 2012
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Introduction
The main characteristic of (post) socialist transition in the Western Balkan countries is a radical deindustrialization [12]. All these countries
marked the disappearance a practical all industries
medium and high technology, and lack of development of new industries. Industry is practically
reduced, an: (1) energy, (2) food and beverage
manufacturing, and (3) production of basic materials (chemical industry, possibly black, that is, nonferrous metallurgy and building materials production). The key causes of deindustrialization should
be sought in the fact that the initial restructuring
of ownership, after the restoration of capitalism
and the events that followed the disintegration of
(SFR) Yugoslavia, carried out within the “shadow” economy and “brotherly” privatization [5, 6].
That is why the overflow of effects of first wave of
global financial and economic crisis, showed that
amnestied protagonists of the “shadow” economy,
“brotherly” privatization and culture of small economic freedom are not able to fulfill the mission
of business class, moving the horizons of personal
progress moves it for the society. The main effects
are: (1) lack of motivation for the development
of productive (manufacturing) entrepreneurs, (2)
slowly and unevenly, increasing the efficiency of
the real economy, and a comfortable infrastructure for private investment in the export business,
and (3) degradation performance of human capital. This has, the Western Balkan countries came
to the paradoxical situation that the completion
(post) socialist transition, as the basic condition
for the engaging in economic and social part of the
process European integration is conditioned more
by finding solutions to bugs in its purpose, but the
1707

technics technologies education management

negative legacy of the last economic model, for
which he has, after all, commenced [12].
The main purpose of this paper is to discuss
specific aspects of the structuring of credit markets in the support of the new model of development of export industries in the Western Balkans.
The national credit markets in all Western Balkan
countries, although it is controlled by affiliate
banks from Central states of the European Union,
marked by high interest rates and weak supply of
credit to finance investment activities in the industry, especially for the export of products with
higher technological contents [20, 23]. There are
a number of explanations: high macroeconomic
uncertainty, the major difference between lending
and deposit rates, low savings of enterprise sectors
(in terms of accumulation and productive engagement of capital), poor industry players to offer
adequate guarantees and the like. Analysis suggests that one should not expect to overcome these
problems by themselves. Solutions for advancement of credit markets should be sought in joint
actors of the financial system and the industry in
its development, maintenance and regulation. The
key issue stands out: How to create an effective
socio-economic environment that will ensure payment of the credit from industry actors and risks
based on this reduced to acceptable limits?
The main thesis is that the credit market for the
industry could not function without trust [24, 3].
This thesis is derived in the context of responses
to a question: Would you overcome failure in the
development of credit markets for the industry
should seek to introduce new laws, regulations
and restrictions, the administration will bring new
charges, which are ultimately paid by borrowers
and so it is more from the credit market, or solutions to be found in self-regulation where the state
should their actions create a favorable climate for
the development of export business and industry
and the culture of trust?. Accordingly, the materials in addition to, an introduction and a conclusion, is divided into four parts. The first part, dealt
with the vision of a new model of industrial development in the Western Balkan countries under the
European concept of endogenous, auto-propulsive
and self-sustainable development based on scientific knowledge. In the second part, given the
vision of a research methodology, which should
1708

provide a more exact determination of the new
relationship between the financial industry and
export industries? In the third part, is devoted to
the results of analysis of needs for various forms
of credit financing. Finally, the fourth part, in the
form of free discussion, dealt with the problem:
What blocks the development of a culture of trust
in the Western Balkans?
The European concept as a framework for
determining the new model of industrial
development in the Western Balkans
The concept of endogenous, auto-propulsive
and self-sustainable development is based on the
search, so that within the European Union find
(best) solutions to global reconfiguration of the
current civilization on the principles of industrial
organization [15, 16]. In this context, in March
2000 the launch is an ambitious project of reindustrialization of the European Union (Lisbon
Strategy or Agenda from March 2000). The second wave of global financial and economic crisis, which has induced the European Union, has
shown, that the results were weak at least 2/3 of
Member States. 2010/2011 the economy of the
European fell to third place in the global economy.
Chinese industry in the past ten years has managed
to take a leading position of the European Union
in the production of all key traditional industries,
while the European Union has failed to the US and
Japan take the lead in any high-tech industry.
The defining a new model of industrial development in the Western Balkans to this concept is
a complex and complicated problem. Although
each of those countries has its own specifics, we
will try to draw some common elements [12]. For
all have in common, need to create conditions for
the dynamic creation and development: (1) economically self-sustainable productive enterprises
and agricultural farms by exogenous standards of
the global economy, (2) appropriate market infrastructure and specialized commercial and financial circles of the capital concerned that profit provides the export business, and (3) infrastructure
for regulation of development, which will (cumulative) through public and private administrative,
educational, research and development, production, transport and financial activities to ensure
Volume 7 / Number 4 / 2012
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a relatively stable and supportive conditions for
efficient reproduction process of export business
and industry [4, 5, 6]. New model of industrial development in can be seen as an organized social
and institutional process governed by cooperative coordination of decisions on the macro level,
mezzo and micro level, to the development and
implementation business and technological innovation and new forms of social and economic
organization and division of labor provide internationally competitive level of quality and price of
material goods [12]. The basic requirement is that
the production and organizational structure of the
industry and agricultural holdings that are: (1) the
macro, mezzo and micro structure and management system capable of efficient production and
distribution of quality goods in unequal and fierce
international competition, (2) appropriate physical means and personnel, (3) a healthy financial
structure, and (4) flexibility, which enables quick
and efficient response to changes in the natural, internal and external socio-economic environment.
In the exposed context, the solution content of
policy mechanisms to implement the new model
of industrial development in Western Balkan
countries should be sought in the framework, that
would encourage self-organization of entities in
the industry in terms of building an adequate combination of primary production and organizational
models (industrial clusters, industrial districts and
the poles of the generic growth), according to the
following basic scheme [9]. Industrial clusters are
an essential tool for the implementation of key
national development goals, particularly in the
area of advancement the competitiveness of the
total (national) production structure that builds on
the optimal use (overall) space with the associated resources. Revitalization of the development
functions of industrial districts should enable the
realization of sub-regional and local development
goals, above all, solving the problem of high unemployment, rehabilitation, modernization and
new construction of missing physical and ICT infrastructure, implementation of the concept of sustainable development, and creating conditions for
inter-regional and cross-border cooperation at the
local levels [22]. Equality of the poles of the generic growth should enable linking research and
education with the project of the development of
Volume 7 / Number 4 / 2012

the industrial organization of the national economy, especially in advancement the manufacturing
enterprises and the quality of human capital at internationally competitive levels.
To implement, it is necessary to: (1) a consistent understanding of the problems of modern development, (2) new, active and responsible role of
the executive authorities and local self-managements in the public regulation of the economy and
economic development, (3) developed STIEOT
(Science - Technology - Information - Organization - Education - Communications) infrastructure
oriented to the needs of the real economy, (4) the
balanced operation of market, strategic-cooperative and hierarchical mechanisms of regulation of
economic life, (5) neutralizing activity distribution-oriented coalitions, (6) general acceptance of
risk, (7) to create conditions for a balance between
individual and collective interests, and (8) greater
motivation employees and other populations for
lifelong learning, especially in a place where doing [6]. Ultimately, the implementation of these
objectives is conditioned by social and political
innovation in terms of a democratic constitution,
but first of all primarily responsible for the natural
environment and future generations, non parasitic
system of institutions, freedom of choice of any
type while preserving the basic ethnic and cultural
values.
In doing so, we must be aware that science, at
least in the dominant understanding of its essence,
can not successfully develop all the methods and
mechanisms for the implementation of the new
model of development the industry in the Western Balkan countries, especially since, as in this
case, based on the adaptation of existing and development of new institutions in order to create
good conditions for the generation, implementation, and economic evaluation of scientific knowledge. Thus, the substantive issues of formulating
policies for the implementation of the attributes
of a new model of industrial development left in
voluntarism to politicians. Accordingly, the problem of establishing a framework for stimulating
endogenous, auto-propulsive and self-sustainable
industrial development based on scientific knowledge is primarily a matter of human creation, and
its essence is to understand the risk behind every
(public) decision.
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What is the role of credit markets in the implementation of this model? Problem to supply credit
for business and industry in the Western Balkan
countries must be viewed within the overall context of the historical heritage, the restoration of
capitalism and the transformation of economic
systems. However, one can draw certain lessons
- which are relevant to all Western Balkan countries. The first is that the subject of public intervention should be the only export clusters, and the
other is that public funds should only be used to finance technical assistance for: (1) development of
credible business plans, and (2) additional training
for the acquisition of real knowledge of financial
engineering, international marketing, total quality
management, application of modern information
technologies etc. On the other hand, the strategy
has to be decentralized to a greater extent - the
transfer of responsibility for implementation to local associations and entrepreneurs.
The Choice of Basic Methodological
Approach
The term credit in this paper means any lending of money, goods (equipment, transport equipment, reproduction material, and raw materials)
and services [2]. Emphasis is on the word credit.
The recipient of any form of external financing
must be creditworthy. The credit must be repaid
in a timely manner and with the standard interest
rate on the financial market. This criterion is given
as twenty-two years since the restoration of capitalism in the Western Balkan countries are perceptions, that the state has an obligation to grants
co-funded the development of private industrial
enterprises, and even worse, there are various public funds for these purposes. On which work very
little is known, perhaps because of the taxpayers
hide their insignificant results, and the fact that the
selection of projects carried out under the criteria
of economic efficiency which is the last (real) rank
priorities. In any case, there is need to ensure public regulation: (1) a general framework that will allow you to clearly and precisely determine the real
credit rating based on economic performance and
debt owners or entrepreneurs, enterprises and their
other assets, and (2) the interest rate from which
will eliminate the effects of soft budget constraints
1710

and the cost of the artificial maintenance of macroeconomic stability based on the appreciation of
the exchange rate and monetary restrictions.
In accordance with these general definitions,
the basic methodological approach in this paper is
based on the hypothesis that a good performance
and efficient development of the industry needs in
the credit markets of each country of the Western
Balkans to form four (sub) system included: (1)
The (sub) system for financing of the current reproduction (business), (2) The (sub) system for
the bridging credit, (3) The (sub) system of credits
for the investment, and (4). The (sub) system of
credits for the transfer of ownership in the industry
[10, 18]. What are their basic functions from the
methodological point of view?
- The (sub) system for financing of the current
reproduction (business). The purpose of these
credits is that in combination with means for entrepreneurs and enterprises provide purchase of
appropriate materials, reproduction materials and
other inputs in a manner that will enable increased
productivity compared to the situation when not
used credit. This, the problem boils down to establishing a relationship between the credit production costs, increase productivity and cash flow.
- The (sub) system of credit for the bridging.
Any investment activity of industrial enterprises
and agricultural farms from their own funds and
current revenues is a serious threat to its fragile
financial balance. In the event of unforeseen problems in the cash flows (late payment of claims, the
occurrence of unforeseen variations in economic
activities, delays in the current cycle of reproduction due to problems in the supply of production
materials and raw materials, the appearance of
major equipment failures, etc.) there are needs for
fast, additional funding.
- The (sub) system of credits for investment. It
includes medium and long term credits for various
purposes. Long-term credits should be designed
exclusively for the construction of necessary additional funding of buildings with associated infrastructure (with priority given to projects to
renovate existing industrial sites - abandoned and
devastated in the process of privatization and transition), or for planting perennial plants, while the
medium-term credits should be used exclusively
for the purchase of new or increase technological
Volume 7 / Number 4 / 2012
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and economic performance of existing equipment
and transport means, and both projects for export.
- The (sub) system of credits for transfer of ownership in the industry. This lending has so far been
focused on privatization projects inherited the
company in the industry with disastrous results,
because practically the entire region of Western
Balkan, can be counted on the fingers of the projects that resulted in their business rehabilitation.
This includes the credit transfer of ownership in
the new model of development. You need to distinguish three typical cases. The first problem is
the transfer of title in the event of an acquisition of
key resources of industrial enterprises by creditors
due to the inability of the owner - the entrepreneur to pay its obligations. The second is when the
owner, an entrepreneur, is no longer able to due to
objective circumstances (age, disease, etc.) keep
your business, and there is no identified individual
interest in the direct transfer of ownership. The
third and most complex of the credits of existing
enterprises in order to exercise the effects of concentration and expansion of a business enterprise
that has opted for this model of development.
The second general methodological setting of
this paper is that the active elements of these four
form a (sub) system of credits on the principle of
so-called virtual, financial services industry, specifically a job for the industry [11, 10, 21]. The
choice of this methodological setting was chosen
in accordance with the structure of the financial
system in the Western Balkans [20, 23, 24]. Specifically, in their financial systems dominated by
universal banks, while so conspicuously lack,
commercial banks, or banks that own capital servicing industry, especially big business systems
and export macro-clusters [19, 18].
Results
Good solutions for structuring the credit market for the reindustrialization of the Western Balkan countries should be sought on the plan: (1)
constituting a framework for broader application
of the of collateralized credit system in lending industries, (2) determining the structure of activities
to promote some atypical form of credit transfer
of ownership in the industry, (3) determining the
structure and activities to promote the developVolume 7 / Number 4 / 2012

ment of new techniques to assess the creditworthiness of industrial enterprises on the basis of precise and clear standards, and (4) neutralization of
the factors that hinder the formation of the market
for risky credits to export-oriented projects [2, 3].
Implementation of models of collateralized
credit system should take a key role in financing
the current playback and medium-financing investments in the industries of the Western Balkans
[9]. Here, above all, thought the dealers equipment,
transport vehicles, raw materials and production
materials. Mass introduction of the dealers, as intermediaries in these transactions, is the only realistic solution for the effective involvement bankcentered current system in the Western Balkans in
the fine-lending industry. Take as an example, the
problem of financing the purchase of equipment.
Dealers, as opposed to banks, by the nature of
work have frequent contact with their customers
(service equipment, spare parts, etc.), and usually
much more familiar with the borrower and its real
ability to repay the credit in a timely manner and
have a great opportunity to follow movement of
the subject collateral for the borrower.
For a broader advancement of collateralized
credit system in the national practice of external financing industry should introduce a single national
register of collateral interest. Instead expectations
to solve the state - should banks and entrepreneurs
to launch an initiative in cooperation with their state
Bar Association to create a network of authorized
law firms linked into a single information system.
Advancement a collateralized credit system, assumes significant changes in the insurance system.
Institutions dealing with insurance cases, which
serves as collateral shall provide compensation due
to its partial or total damage or theft under a clear,
precise and transparent conditions in the shortest
possible time. Neither here does not require government intervention, than the actors themselves:
banks, dealers and insurance companies have to
find appropriate solutions. Finally, the most important is the legal practice to advancement an effective
system of protection of collateral interest. Since it is
obvious that the national judicial systems can not
fully to fill this obligation, it is necessary to allow
direct downloading and selling of collateral that is
subject none servicing of credits under the clear and
well defined legal requirements.
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Pathways to activate the credit market in the
development of the industry should be sought in
the creation of new financial instruments for the
transfer of ownership. For example, should the
banks that are unable to collect their claims, to
launch initiatives to create the institutions of the
ESOP credit for the purchase of such enterprises
by employees or specific long-term mortgage
credits to purchase the entire company or in extreme cases, taken over the space and of equipment. The introduction of these credits and opens
space for the involvement of banks in the process
of transfer of ownership in case of non-economic
moments, which puts at risk the existence of industrial enterprises.
Time is up to the limit more acute problem of
technical competence of banks for lending industry. Specifically, the question arises: How will the
bank, which is a mistake in financing projects of
reproduction, avoids repeating mistakes in crediting sales of the whole enterprise? In this sense, it
is necessary that banks do more in terms of promotion techniques, and authentication of business
plans. Same bank, or their respective departments
must work more on the training of potential borrowers in terms of acquiring knowledge and skills
to produce business plans, especially in fostering
the credibility of the principles which should find
interest in both parties - bank trust clients and customers in the bank as a business with partners who

build their interest in the distribution of new value
created by the appropriate credit transactions.
In all the Western Balkan countries is, with foreign technical assistance, invested great effort to
meet a broad range of plan participants with the
techniques of business plans, their implementation
and integration. In the meantime, these techniques
are incorporated into a growing network of various
faculties of economics, which have flooded the area
of higher education in most their countries. Implement a tion techniques of business plans have not
resulted in real effects on the development of business and industry. The main cause is only an expression of vague and manipulative transition that
marks the entire area of the Western Balkans. The
answer to the question: What a banker expects to
see in a business plan?” is ambiguous, but will try
to determine what should be the response of entrepreneurs - owners of the issue (Box 1)?
The greatest mystery is the formation of (national) market risky credits for financing projects
base d on the generation, a n d technological and
commercial valorization of scientific knowledge.
At this point, it is important to emphasize that we
are not talking about the phenomenon of credit enterprises with high profit potential based on generating and economic valorization of the highest sophisticated technology. Specifically in the Western
Balkans, there is practically no such enterprise, or
rather business ventures with exceptionally high

Box 1. What a banker expects to see a business plan?
The objectives of the bankers

Primary areas of interest are

• Credible business plan based on:
- The entrepreneur, or the owner with high ethical and business performance
and positive financial position,
- Tangible and intangible products (goods and services),
- Projects that show cash flow, the credit will be repeated by increasing
dynamics,
- Actual measured future financial needs.
• Financial security
• Other factors to minimize risk:
• The real profit in the short term
- Ensuring security pledge (mortgage, collateral)
• Long-term business cooperation
- Undersigned for the credit,
- Inclusion of financial professionals as members of the board who is working
on determining the content of the financial structure,
- Information indicating the occurrence of possible losses,
- Information provided by knowledge of the highest duties and schedule for
their timely execution.
• Other relevant information considered necessary for a decision on the credit.
Source: Author`s views
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profit potential in these industries. However, if
this term is somewhat modified and designated
as a business development initiative for dynamic
manufacturing enterprises through the export of
products with higher added value per unit of newly posted products, there is a public interest in the
credit market involvement in their implementation. Namely, in the context of overall limitations
in the Western Balkans, each oriented towards export production with higher added value per unit
of newly posted products is a risky business venture. On the other hand, such an export orientation
is the only real option that production enterprises
in the medium and long term secure cash flow for
the regular servicing of investment credits. In any
case, it is a challenge where necessary; seek appropriate solutions, especially in light of the fact
that the development of these enterprises should
play a key role in establishing the conditions for
effective functioning of an open market economy
in a sustainable future.
Discussion
The problem of constituting a framework for
the development of credit markets to the above
concept is primarily a matter of human creation,
and its essence is to understand the risk behind every (business and public) decision. To effectively
solve this problem it is necessary to choose the actors of the financial, industrial and political system
to give greater importance possession and use:
(1) specific knowledge and skills, (2) skills and
a genuine understanding of problems in coping
with complex and uncertain environment, and (3)
specific ability to create solutions and persistence

in their realization. This statement is directly facing the basic problem of the development of credit
markets for the industry in the Western Balkans -.
What blocks the development of a culture of trust
in the Western Balkans?
In considering the causes that block development of a culture of trust, the evolution of the credit
market for the industry must be, as already indicated
above, put in the context of creating an enabling socio-economic framework for restructuring and development of export business and industry. It is, in
this field there is no substantial change, because the
derivative reforms and policies have resulted in the
collapse of export industries in all countries of the
Western Balkan, primarily in the electro-metal complex, the complex for the execution of investment
projects abroad and complex for the production of
consumer goods. The situation is such that in every
country of the Western Balkan, there are very few
private initiatives to develop export business and industry. The experiences show that the implementation of any institutional reforms modeled on the European Union with an emphasis on gaining the trust
of foreign investors has not led to explosive growth
of external financing of development programs, as it
turned out that the servicing of imports from the developed countries more attractive for foreign capital,
and certainly less risky alternative investments in the
development of export industries and businesses.
In our opinion, the key to answering this question should be looked at one factor that marks the
Western Balkans. It was mentioned dominance of
distribution-oriented coalitions [7].
Each of the Western Balkans is full distribution-oriented coalitions - the pyramid-shaped cover all levels of their socio-economic being. One

Box 2. What are the distribution-oriented coalitions?
Notion distribution-oriented coalition means special interest groups, to improve the association provides its position in the distribution of added value and social wealth without adequate personal contribution to their maintenance and proliferation.
The main socio-economic characteristics of the distribution-oriented coalitions are: (1) the tendency
towards the development of monopoly of political, social and economic structures, (2) loss of interest
in the adaptation to the social, economic and cultural changes in the environment, (3) the tendency to (mix)
use instead of administratively-hierarchical and market mechanisms of allocation and evaluation, and (4)
preference for stimulating the development of distribution-oriented coalitions at the lower levels of socioeconomic organization, in order to thus hide the true intentions of key actors of special interest groups.
The causes and consequences of development and operation of distribution-oriented coalitions see example,
in: [7, pp. 173-200].
Volume 7 / Number 4 / 2012
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of the most serious consequences is the state of
values in the Western Balkans. Its main feature
is that culture is the ability to seize on any manner - higher prices and appreciate the ability to
create new value and wealth. Accordingly, they
made a radical change in the total life commitments - since the fall of interest in learning and
professions that are geared towards the production
and increase susceptibility to occupations dealing
with the distribution of what is created, and “inflation” diploma (especially in the system higher
education!), to levels which rejects any liability
with regard to positive results and the successful
close of business. Thus, the work, creativity and
confidence, not occupying a high position in the
hierarchy of value system in the Western Balkans - substituted model and solve critical business problems through life: speculation, evasion
of tax obligations, fraud, kidnapping, crime, etc.
Of course, that such a value system in an illusion
about the need for hard work on the development
and advancement of international competitiveness
and competence of an individual of any socio-economic areas - from business or public functions
(services), through the enterprise, to the state.
The existence of distribution-oriented coalitions of course not the only, but a good enough
reason for the overall development setbacks,
which are the most difficult manifestation of radical de-industrialization and very slow to improve
the global competitiveness of the countries from
the Western Balkans, thus narrowing the essential
conditions for the development of credit markets
to finance industry. In this context, the structuring
of the (good) credit market for industrial finance
in Western Balkan countries should be considered
in the context of three related phenomena: the creation, development and defense of common interests of the actors of the financial system and the
industry in implementing the following activities:
(1) promotion and development of business culture
in which the timely fulfillment of financial obligations is a key place, (2) completing the legal and
institutional infrastructure for the implementation
of collateralized credits for equipment and reproduction material, (3) promotion and development
of new techniques to assess the creditworthiness
of enterprises in the industry on the precise and
clear standards, (4) finding new solutions for the
1714

financing export projects based on the generation
and development of scientific knowledge, and (5)
promotion of new forms of credit transfer of private property rights [3].
From these, we could draw some concrete conclusions that are valid for determining the role of
credit markets in the new model of industrial development in the Western Balkans [8, 10, 17].
First, the lending industry needs to focus solely
on export-oriented enterprises.
Second, the credit system for industries should
be four (sub) systems: (a) The (sub) system for
financing of the current reproduction (business),
in a way that will enable increased productivity
and economic efficiency in relation to the situation when there is no lending, (b) The (sub) system for the bridging credit unforeseen problems
in the cash flows, which are outside the control of
the entrepreneur or the owner, (c) The (sub) system of credits for the investment, primarily for the
purchase of new and advancement performance of
existing equipment, (d) The (sub) system of credits for the efficient, orderly and timely transfer of
rights ownership of (industry) enterprises.
Third, the solutions for the development of
credit markets for the industry to look for models
based on direct cooperation between banks and industry with minimal public intervention and regulation. The priorities are: (a) developing the necessary institutional support and business culture and
ethics for the implementation of techniques and
equipment lending collateral reproductive material, (b) finding a rational solution for reduction of
risk in lending to export-oriented enterprise based
on the generation of scientific knowledge (where
should also include the state, but a joint initiative of the proposal and industry stakeholders and
banks), and (c) promotion of new forms of credit
transfer of ownership.
Fourth, in order to create conditions for efficient functioning of credit markets is necessary
that banks wishing to operate in this market significantly improve appropriate services and introduce new techniques of credit. The basis is:
(a) continuous education of potential users in applying techniques of business plans, and (b) providing conditions for effective evaluation of their
credibility.
Volume 7 / Number 4 / 2012
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Conclusion
Requirements for constitution of the credit market as a function of reindustrialization of Western
Balkan countries towards European concept of
endogenous, auto-propulsive and self-sustainable
development based on scientific knowledge are in
poor condition. There is no modern market, business and public institutional system, no satisfactory effectiveness in the performance of commercial
and public affairs [1]. In this context, it could be
concluded that the constitution of the credit market for the renewal development industry can not
be realized in due course. However, his fate determined by the constitution is not as impossible. The
main finding of this study is that the key factors
for the realization of cultural nature (development
of the cultural pattern in which the priorities are
- trust, accuracy, giving a very important work as
the primary source of existence of the individual
and his family and the future - in terms of waiver
of adequate remuneration expenditure in present
at the expense of productive investments in new
business), and most are determined by selecting
the appropriate model of economic policies to the
extent of development of new export business and
industry based on private initiative and funds. This
means that the institutional reforms and economic
policies in each country of the Western Balkans,
must: (1) the restriction put in place the power of
distribution-oriented coalitions and mechanisms
for combating corruption in public and corporate
regulation, and, (2) the function of advancement
conditions for business and investment in export
industries, by creating a solid financial infrastructure for the comfort of manufacturing entrepreneurship and private investment on the principles
of self-organizing and interactive effects of key
actors of the industrial and financial system.
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Abstract
Companies are exposed to various types of
risk. They can be connected to property, liability
of third parties, staff or decisions. The paper presents a contribution to the construction of tools for
decision-making support in organisational systems
from the uncertainty aspect. Developed theory of
risk assessment is based on the adapted Fuzzy Analytic Hierarchy Process. In the paper our original method of uncertainty estimation is presented.
Each problem involving uncertainty and consecutive appearing risk is divided into identified categories and factors of uncertainty. Based on the
“Uncertainty – Importance” relations special focus diagrams are created, which serve for the classification of uncertainty factors. This is a basis for
decision making. Suppliers are evaluated with the
integral uncertainty value.
Key words: supply chain, risk, fuzzy logic,
supply chain, decision making
1. Introduction
Risk is the usual companion in every business
and with direct influence on result. Risk management in a quickly changing environment is a requirement, for it contributes to reaching strategic
advantages of a company. In decision making under uncertainty, risk analysis aims at minimising
the failure to achieve a desired result [1].
For the time being, there is no all-encompassing
framework for supply chain risk management [2].
Hence demand exists for comprehensive guidelines, including steps for all stages of supply chain
risk management implementation [3]. Effective risk
management will provide for a long-term competitive advantage for companies in today’s risk filled
society [4]. The choice to outsource and hence to
select a vendor/supplier, leads to the existence of a
Volume 7 / Number 4 / 2012

supply chain, and hence for an entity that needs to
be managed with regards to risk. Vendor/supplier
selection needs to be done by all parties in the supply chain with an equal amount of concern for risk
management [5]. If company A chooses company
B due to its reliable delivery, but company B does
not consider reliability when outsourcing to company C, company A’s concern for risk management is
meaningless [6]. The supply chain aspect needs to
be a core element in risk management during vendor/supplier selection for all actors to an equal extent. However, if one actor under-performs through
not focusing an equal amount on risk management,
this will make the entire supply chain under-perform. Conclusively, an all-embracing supply chain
risk management framework needs to be produced
and furthermore customized for the purpose of providing tangible guidelines for completing successful vendor selection [7].
In today’s highly competitive environment, an
effective supplier selection process is very important to the success of any manufacturing organization. Every decision needs to be integrated by
trading off performances of different suppliers at
each supply chain stage.
Saaty’s analytic hierarchy process (AHP) is a
method to determine priority in selecting suppliers
[8]. The AHP has found widespread application
in decision-making problems, involving multiple
criteria in systems of many levels [9].
The criteria obtained from group decision fall
into two categories, objective and subjective criteria [10]. The objective criteria are those that can be
evaluated using factual data, subjective criteria are
those that are difficult to quantify and thus have to
be evaluated qualitatively [11].
The overlying subject is the global trend of
outsourcing. When a company has decided to outsource a certain part of its activities, it needs to
1717
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conduct some kind of structured vendor selection
process. During this vendor selection process, the
company needs to consider its role as a supply
chain risk management entity [12]. How can the
company, through its choice of vendor/supplier
ensure that it gives an acceptable amount of focus
to guaranteeing a functioning supply chain?
The supply chain risk management combined
with vendor selection is focused on ensuring successful delivery of a promised service or goods.
The problems caused by unreliable delivery at
whichever point of the supply chain causes either
immediate financial loss for the end customer, or
long run damage to customer profitability due to
reliability and image problems [3].
By diminishing uncertainty practically before
final decision making we minimise possibilities
for negative effects and thus, from the standpoint
of all resources that are included in realization, we
come close to the optimisation and success that is
required and justifies the resources [13], [14].
2. Hierarchical structure for evaluation of
supplier risk
Application of AHP method starts with the creation of hierarchical structure with defined levels
(stages) for chosen factors of uncertainty [8]. In
Figure 1 a three-level hierarchy for supplier risk
evaluation concerning categories and factors of
uncertainty is presented [15].

Figure 1. Hierarchical levels of supplier risk
evaluation
Meaning of symbols used for categories (K1 ...
K6) and factors of uncertainty (D1 … D27) is ex1718

plained below:
K1 – Personnel / Skills, factors D1-D3
○ D1 – Capacity,
○ D2 – Competency and experience,
○ D3 – Performance,
K2 – Information, factors D4-D7:
○ D4 – Information technology,
○ D5 – Responsiveness,
○ D6 – Information sharing,
○ D7 – Performance metrics,
K3 – Materials, factors D8-D12:
○ D8 – Planning and managing inventory,
○ D9 – Sources and quality,
○ D10 – Warehousing operations,
○ D11 – Handling and packaging,
○ D12 – Transportation network,
K4 – Methods, factors D13 -D18:
○ D13 – Management,
○ D14 – Quality assurance,
○ D15 – Capacity planning, outsourcing,
production volume,
○ D16 – Continuous improvement philosophy (for cost, quality, lead times), innovation,
○ D17 – R&D, product design, modularity,
standardization,
○ D18 – Performance, reliable delivery,
K5 – Equipment, factors D19-D22:
○ D19 – Technology infrastructure,
○ D20 – Machinery, capacity and technical
capability,
○ D21 – Flexibility and reliability,
○ D22 – Layout,
K6 – Environment, factors D23-D27:
○ D23 – Competitors,
○ D24 – Balance of trade, financial solvency,
○ D25 – Prices,
○ D26 – Organizational structure,
○ D27 – Location and safety profile.
We deal with 6 categories of uncertainty, which
are defined by 27 factors of uncertainty representing the lowest level in the hierarchy.
Volume 7 / Number 4 / 2012
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2.1 Determination of the importance of
uncertainty factors
Ratios between categories or factors are expressed with a question: “How many times is the
category/factor i more important than category/
factor j according to the aim or the superior category?” By pair wise comparison of the factors and
categories (according to the provided AHP estimation scale) and the use of triangularly distributed
fuzzy numbers [16], we get the following fuzzy
matrices on all levels of hierarchy [17].
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By using fuzzy numbers the consideration of
possible errors (±1 scale) of the estimator is taken
into account [18].
2.1.1 Calculation of weights characterizing
the importance of uncertainty factors
In the first step we calculate the fuzzy matrices
(MM1 … MM7) at medium level of confidence (α
= 0.5) and optimism (μ = 0.5). The result after the
insertion of α = 0.5 according to equations is following:

K 1 : M M 1a =0,5
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If we consider μ = 0.5 according to equations
in [18] we get:

K 1 : M M 1am==0,5
0,5
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For practical use of the equation the approximate solution is sufficient. It can be obtained by
multiplication of all f cells in an individual matrix
row, calculating fth root from the product (geometric mean), normalization of the vector, and the result is a factor importance vector x~ . For the above
7 matrices we get:
K1 : 3 1 ⋅
3

3

5 17
⋅
= 0.7 6 21
24 8

5 ⋅1 ⋅ 4 = 2.7144

17 4
⋅ ⋅ 1 = 0.5326
3 0 15
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By defining optimism level μ in the value of
0.05, 0.5, 0.95 we can reflect the influence of
pessimistic, medium and optimistic state on the
given weights of importance of uncertainty factor,
which is reflected in the their values in a certain
interval. Similarly, calculation with previously set
medium level confidence (a = 0.5) is repeated for
completely uncertain state (a = 0) and completely
certain state (a = 1). To avoid time consuming calculations, a computer programme was designed
for solving eigenvectors of fuzzy matrixes. This
programme calculated states in all of the above
conditions (according to α and μ); the results are
given in following tables 1 and 2.

D 24
D 25
D 26
D 27 
~x =  D 23


6
0
.
4466
,
0
.
1409
,
0
.
2346
,
0
.
0560
,
0
.
1219



3 4 17
C : 6 1⋅ 6 ⋅ 3 ⋅ ⋅ ⋅
= 1.3120
8 3 30

6

K2
K3
K4
K5
K6 
 K
= 1

.
,
.
,
.
,
.
,
.
,
.
0
1675
0
0669
0
0411
0
3279
0
1879
0
2087


17
5 4 5
⋅ ⋅
⋅1 ⋅
= 0.3659
2 4 15 2 4
30

5

∑ 6.5389 ⇒

17
⋅ 5 ⋅ 4 = 2.9206
8

17
5
3
⋅1 ⋅ ⋅ 4 ⋅
= 0.9214
24
8
8

5

17
3 17
⋅ 6 ⋅ ⋅1 ⋅
= 1.4717
8
8
8

The weights of importance factors (UD) are
calculated by considering the categories’ weights
(for α = 0.5 and μ = 0.5):
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U D2 7 = 0.2087 ⋅ 0.1219 = 0.0254
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Table 1. The importance of uncertainty categories
in relationship with the level of confidence and optimism

The course of importance of some factors in
relation to the level of confidence (α) is shown
in Figure 2. In some factors there is an increase
of importance with confidence, and vice versa in
others. The same way could be used to show the
course of importance of all six categories.

The most important category of uncertainty is K4
(Methods) with 28.3 % to 33.9 % share. The least
important category of uncertainty is K3 (Materials)
which encompass only from 3.9 % to 5.5 % share.
Table 2. Importance of uncertainty factor

Figure 2. Importance of factors in relationship
with the level of confidence and optimism

Three most important factor is D2 (Competency and experience) with 11 % to 12.1 % share.
Least important factor is D12 (Transportation
network) with 0.42 % to 0.65 % share.
1722

For factors D17 and D18 we can see that their
importance is rising significantly at higher confidence in assessment, with factor D2 a decrease can
be noted.

Volume 7 / Number 4 / 2012

technics technologies education management

2.2 Determination of the uncertainty level of
factors
Ratios between categories or factors are expressed
with a question: “How many times is the category/
factor i more uncertain than category/factor j according to the aim or the superior category?” By pair wise
comparison of the factors and categories (according
to the provided AHP estimation scale, adapted for the
level of uncertainty) and the use of triangularly distributed fuzzy numbers, we get similar fuzzy matrices on all levels of hierarchy as in section 2.1.1. The
results are given in tables 3 and 4.
Table 3. Level of uncertainty of categories in relationship with the level of confidence and optimism

ies around ± 50 % from average share, therefore:
0 to 8 %, 8 % to 25 % and 25 % to 34 %. The
position of each category in one of the nine fields
of the diagram is defined with an ellipsis, whose
boundaries are minimal and maximal shares of
category at importance and uncertainty (Figure 3).
Table 4. Uncertainty level of factors

Highest uncertainty is in category K3 (Materials), which encompasses from 24.2 % to 30.2 %,
followed by category K2 (Information), with 23.3
% to 26.4 % share. The lowest uncertainty is in
category K1 (Personnel / Skills), which encompasses from 9.4 % to 11 % share.
The factors with the highest uncertainty are:
D10 (Warehousing operations) which encompasses
from 7.7 % to 11.4 % share, and D5 (Responsiveness) with 7.5 % to 10.3 % share.
In a similar way (like in previous section) the
results about the course of uncertainty of the factors and categories in relation to the level of confidence (α) and level of optimism (μ) can be shown
in charts (omitted because of paper length limit).
Uncertainty of category K3 is rising with greater
confidence in assessment, within categories K5
and K6 it is falling.
2.3 Importance/Uncertainty diagrams
Categories are mutually compared according
to importance and uncertainty in the diagram. According to the fact that we have six categories, average share is 100/6 = 16.7 %. In the diagram we
define 3 areas (low, medium, high) with boundarVolume 7 / Number 4 / 2012

Figure 3. Positions of categories K1-K6
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The diagram shows that we cannot neglect any
of the categories, because none lies in the field
low/low, low/medium, or medium/low.
Similarly we treat also all the factors, which
can be drawn in separate diagrams according to
categories. This focus diagrams enable selection
of factors that need special attention, or vice versa,
the factors which can be partially neglected.
For one of the key factors D23 the interdependences of importance or level of uncertainty according to level of confidence (a = 0 ... 1) and optimism of assessment (m = 0.05 ... 0.95) are given
in spatial diagrams (Figure 4, above, below).
3. Integral uncertainty value
We would like to quantify the problem of uncertainty, represented with the categories and
factors. With the method of fuzzy AHP we have
determined the areas (intervals) of the level of importance and uncertainty for each factor, which
gave us the opportunity for correct selection of
more or less critical factors. The mentioned areas
of value can be used for:

Design of the factor importance vector P ,
whose elements are weights of factor importance,
obtained as arithmetical mean value between the
lowest and highest value of the importance of the
factor (expressed in percentage) from Table 2,

Design of the factor uncertainty vector N ,
whose elements are weights of factor uncertainty,
obtained also as arithmetical mean value between
the lowest and highest value of the uncertainty of
the factor (expressed in percentage) from Table 4.
Integral (total) uncertainty value (ION) is a sca

lar product of vectors P and N :
 
ION = P ⋅ N

Boundary integral uncertainty value can be obtained by using the same mean weights at all vector components, therefore, with n factors:
ION m =

n

 100   100 
100 100 10000
⋅
=
 = n ⋅
⋅
n   n 
n
n
n
i =1

∑ 

In practice, real bounds of ION depend upon
the number of factors (in the area from 5 to about
100), which gives: IONm = 100 … 2000.
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Figure 4. Space diagrams for factor D23
Integral uncertainty value which exceeds
boundary value means that we are dealing with an
activity of higher risk, or vice versa.
In this actual example of supplier risk evaluation we have 27 factors. Boundary integral uncertainty value is:
ION m =

10000
= 370
27



Vector P has the following elements:

P = {3.26, 11.54, 2.63, 2.68, 2.78, 1.05, 0.58,
0.73, 2.03, 0.73, 0.57, 0.54, 2.20, 3.71, 2.78, 2.84,
10.76, 8.2, 5.9, 8.16, 2.25, 2.42, 9.27, 3.05, 5.45,
1.34, 2.86}

Vector N has the following elements:
Volume 7 / Number 4 / 2012
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N = {4.05, 3.88, 2.45, 4.33, 8.89, 6.66, 5.17,

5.22, 6.16, 9.56, 2.42, 3.72, 2.65, 1.03, 1.38, 2.56,
0.72, 3.05, 2.42, 5.23, 1.29, 2.46, 5.52, 1.78, 4.88,
1.43, 1.77}
The calculation of integral uncertainty value
results in ION = 346.9 (lower than 370), which
means that we are dealing with the supplier with
lower, slightly under average risk.
4. Conclusion
The paper incorporates an original synthesis of
risk management, uncertainty modelling, Analytic
Hierarchy Process method and fuzzy logic and
represents a contribution to developing tools for
support in decision making in vendor selection
process. The procedure is designed with moderate and manageable number of influential quantities and provides a comprehensive management of
problems that arise in search for acceptable solutions. The established heuristic model of supplier
risk development is suitable, which is confirmed
by the executed practical example of a supply
chain risk evaluation.
By diminishing uncertainty practically before
final decision making we minimise possibilities
for negative effects and thus, from the standpoint
of all resources that are included in realization, we
come close to the optimisation and success that is
required and justifies the resources.
The basic challenge for future is the creation of
unique software tool that would include all in this
research used techniques and encompass the entire calculations from the input of required data to
the printout of results and drawing of all diagrams
and proposed guidelines in decision making.
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Abstract
A large number of time series is used for decision making models and decision experts. We used
time series of non-farm income to predict Isfahan
non-farm income pr capital in future years. BoxJenkins seasonal ARIMA models are employed to
analyze and forecast the time series. A timely decision model is crucial for predicting the amount
of income in this state. Experimental results indicate the new events that can be predicted from
historical data. In this paper, we try to develop an
efficient and effective decision making model for
planning and budgeting for Isfahan State.
Key words: Time series analysis, forecasting,
data mining, decision making model.
1. Introduction and background
Nowadays, business is information-based and
the key role of handling this information is undeniable. Business in public sectors is changing
continuously and enabling managers and decision
makers to be familiar with these changes is important. Regarding this issue, managing the data that
is collected in on-line and real-time environment
challenge people with a massive amount of data.
Yielding time series data is one approach for overcoming these difficulties.
In this paper, data mining and knowledge discovery approach is selected for predicting nonfarming income in Isfahan. According to Friedman in 1997 “data mining is at best a vaguely
defined field; its definition depends largely on the
background and views of the definer “. Fayyad
(1997) viewed data mining to be a single step in
a large process of knowledge discovery in database[1]. Mostly, time series is associated with
the knowledge and concepts applied in data mining[2]. There are a lot of models for time series,
one of them is model presented by Box and Jenkins in 1976[1]. This model is applied in this paVolume 7 / Number 4 / 2012

per. Effective use of data mining models such as
time series helps the firms in making time to time
business decisions. [3]
By a time series approach, the data can be
mined and hidden facts and figures will be processed through a decision support system.[4-5]
Decisions are based upon the availability of data
as well as the decision that is environment[5]. For
being aware of consequences of decisions, having
knowledge about past data and its pattern is necessary. In most cases, decision makers are under
uncertainty and risk. Finding a pattern of previous
data will mitigate the risk of decisions.
The objective of using time series analysis is
to discover the components of time series including long term and short term patterns[6]. The basic
econometric applications of time series analysis is
the use of multiple regression technique in this, several independent variables are used to check the accuracy of the prediction of dependent variable [7].
2. Time series analysis
Time series analysis is required for determining the phenomenas’ nature and representing them
by the sequence of observation, besides it can be
applied for predicting[8]. For achieving these two
goals the pattern of data is required[9]. The pattern
of data can be described in two main terms: trend
and seasonality. The trend terms represent systematic linear or nonlinear components and the seasonality terms have a similar nature, however, it
represents in systematic intervals over time. Trend
analysis consists of two main steps: smoothing
and fitting a function. Smoothing is local averaging of data; one of the methods that are usual is
moving average smoothing that replaces each element of series with simple or weighted average of
elements. After smoothing the next step is fitting a
function, many time series data can be fitted by a
linear function.
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Another component in time series pattern is
seasonality. The general steps for analysis of seasonality are auto correlation correlogram, examining correlogram, partial autocorrelation and removing serial dependency.
For forecasting and modeling data and identification of pattern of data a mathematical process
is required. One of these models is ARIMA methodology developed by Box and Jenkins (1976) has
popularity in many areas. Some researches such
as (Hoff, 1983; Pankratz, 1983; Vandaele, 1983)
confirmed its flexibility and power. Because of its
flexibility, Arima is a sophisticated method (Bails
& Peppers, 1982)[10].
3 Data mining
Data mining is an analytical process for exploring large amount of data, the main goal of data
mining is prediction[7]. In order to achieve this
goal, three main stages are needed for data mining
process: exploration, model building and validation and deployment. The initial step includes data
transformation, cleaning data and selecting sunsets of record. At model building and validation
stage, various models will be assessed and best
of them would be selected. At deployment stage
which is the final stage, is applying the selected
model which is selected in previous stage and generation of predictive estimation model.
Unlike traditional Exploratory Analysis (EDA),
data mining focus on application of data and generation of prediction. As a result, data mining uses
traditional Exploratory Analysis (EDA) and also
such techniques as neural network as a black box
for knowledge discovery and prediction.
3.1 Business data mining
Nowadays, data mining is a major component
of business. Data mining can be applied for various aspects of business including risk analysis,
targeted marketing, customer retention, fraud detection and so on. The general steps are depicted
for business data mining as following:

1728

3.2 Time series Data mining
One of most important area of data mining is
on the mining of time series and sequenced based
data to identifying the movements or trends of
data. These can include seasonal variation, trend
movements and random movements (Han and
Kamber, 2001).
Isfahan non – farm income per capital
In order to planning and budgeting, Isfahan state
was required to estimate the non-farming per capital from 2010 to 2024. The data collected from the
first quarter of 1981 through third quarter of 2009
In order to achieve the goal of the project a primary model must be established. From this model
all the parameters are estimated. Once the estimation of these parameters is completed a forecast
of future non – farming capita during the required
period can be given.
In order to find a correct model the three main
requirements must be satisfied which are Recognition of model, Model fitting and Recognition of
model correction.
By plotting the given income data versus times
it becomes possible to establish that the given data
has a special trend.
From figure 1 and figure 2 it can be established
that the series is non – static because between
close points there is a strong correlation that leads
Volume 7 / Number 4 / 2012
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to increase of variance when time increases. However, an ACF (Auto Correlation Function) plot is
necessary to be certain that the series is non-static.

Figure 3 is the further proof of the series being non – static. The correlation function with
increase of LAG gradually decreases. The strong
correlation between consecutive LAG will results
in definite non – static series.
Although the previous plots depicted in figure
3 were the proof of the non – static series a further
investigation was carried out by PACF plots .

Figure 1. Plot of income versus times

Figure 4. The PACF plot of income
Having established the non – static series is
now required to find a suitable solution for transforming to be static series.
A suitable solution to make static series is to
difference the income with LAG (1). Figure 5 and
6 shows that the series does not have special trend.
That is the mean is not constant during this period
but is better to draw a PACF plot of diff(1) because it strongly shows the transformation of non
– static series to static.
Figure 2. Plot of income versus times

Figure 5. Plot of dif(1) versus times
Figure 3. The ACF plot of income

Volume 7 / Number 4 / 2012
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Figure 8. The PACF plot of diff(1)

Figure 6. Plot of dif(1) versus times
Figure 7 is the further proof of the series being non – static. The correlation function with
increase of LAG gradually decreases. The strong
correlation between consecutive LAG will results
in definite non – static series

Figure 9. Plot of diff(2) versus times

Figure 10. Plot of diff(2) versus times
Figure 7. The ACF plot of diff(1)

From ACF plots (Figure 11) it can be established that the model is now static

Although the above plots were the proof of the
non – static series a further investigation was carried out by PACF plots
It is now clear that diff(1) does not results in
correct model, therefore the above procedure will
be repeated for diff(2)
Figure 9 and 10 show that the mean of diff(2)
with increase in time is constant that is a condition
for static series. A further proof of this is shown by
ACF and PACF plots.
Figure 11. The ACF plot of diff(2)
1730
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The PACF plots (Figure 12) indicate that, between the consecutive LAGs there is no more
strong correlation and they are in zero band except
the first LAG. Therefore, there is no meaning full
partial correlation.
Figure 12. The PACF plot of diff(2)
This can also be mathematically verified using
equation (1) that is critical region formula.
.................................... (1)
Substituting n = 111 in the above formula gives
a 95% confidence interval of ±0.189. Therefore, it
can be said that the estimates are within this range
= ±.189
The calculated value for the critical region is further proof of all the ACF LAGs except the first one
are in the zero band. Since the series were converted twice, using difference method, ARIMA(1,2,1)
model can be used for the income series.
The equation 2 represents the ARIMA (1,2,1)
wt = Φ1 wt-1 + at – θ1 at-1

Modified Box-Pierce (Ljung-Box) Chi-Square statistic
Lag
12
24
36
48
Chi-Square 6.0
18.6
24.7
28.5
DF
10
22
34
46
P-Value
0.818
0.670
0.880
0.980

From the above table the value of:
θ1= 0.5909 and Φ1 = -0.1273
Therefore ARIMA(1,2,1) model becomes:
Zt = 1 – 0.1273 Zt-1 – 0.1273 Zt-2 + at –
– 0.5909 at –1 – 0.5909 at – 2 – 2 at–1+ at –2
It is important to mention that the model does
not have a constant value because of zero income
in the zeroth month, hence there is no Y-intercept
in the model.
It is now necessary to test the hypothesis of
normal residual. To this effect a plot of residual
must be plotted versus times.
Plots of residual versus time (Figure 10a and
10b) show that, the residual has normal distribution.
By using regression R2 it becomes clear that the residual has normal distribution (i.e. ei ~ N(0, s2).
The following figures show the random distribution of the residual and standard residual but
this is not sufficient to accept they are distributed
randomly. Therefore correlation and run test must
be carried out to verify these results.

(2)

The values of the Φ1 and θ1 are computed from
the following table for predicting the future values
of the series. Final estimates is presented following tables:
Type
AR 1
MA 1

Coef
-0.1273
0.5909

SE Coef
0.1494
0.1220

T
-0.85
4.84

P
0.396
0.000

Differencing: 2 regular differences
Number of observations: Original series 111,
after differencing 109
Residuals: SS = 21778.6 (back forecasts excluded)
MS = 203.5 DF = 107
Volume 7 / Number 4 / 2012

Figure 13. Plot of residual VS time
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Figure 14. Plot of STD. residual VS time
Figure 18. Histogram of Residual

Figure 15. Residual VS observation

From nonparametric test it is clear that The
Runs test must be performed. The residual test is
presented as follows:
Standard residual
standard
K = 0.0000
The observed number of runs = 46
The expected number of runs = 55.1284
59 Observations above K 50 below
The test is significant at 0.0769
Cannot reject at alpha = 0.05
As the Runs test shows the Null Hypothesis is
acceptable at α = 5%, that indicates the residual
are completely distributed normally.

Figure 16. Residual VS fitted value

Figure 19. Residual Model Diagnostics

Figure 17. Residual VS normal score
1732

In the plot of residual versus normal SCORE
the residuals are distributed along a 45o line.
The result of the Pearson correlation test shows
the residuals have normal distribution, due to the
correlation value of 0.976 that is very close to 1.0.
Volume 7 / Number 4 / 2012
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Pearson correlation of standard and normal
score = 0.976
P-Value = 0.000

Figure 22. Plot of Forecasts
Figure 20. Fitted VS Standard Residual

The Figure 22 shows that the forecast series
values have increasing trend.
Conclusion

Figure 21. Normal Probability Plot for standard
Residual
In the following table shows the computed values of the forecasted income series for the next
consecutive 10 years with a calculated confidence
interval of 95%.
Forecasts from period 111
95 Percent Limits
Period
Forecast
Lower
Upper
112
3782.85
3754.88
3810.81
113
3856.89
3811.42
3902.36
114
3931.43
3866.54
3996.31
115
4005.89
3919.92
4091.87
116
4080.37
3971.65
4189.10
117
4154.85
4021.79
4287.91
118
4229.33
4070.43
4388.22
119
4303.80
4117.63
4489.97
120
4378.28
4163.47
4593.08
121
4452.76
4208.01
4697.50
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Data mining is used for extracting information
from large database for the company to identify
the behavior of data for predicting future trends.
In this paper time series analysis of ARIMA(1,2,1)
model is applied to predict the non farm income of
Isfahan trends.
The time series data mining provides a decision making model for non farm income in Isfahan state. In future studies by using a business data
mining approach a decision making model would
be provided for the economy of Isfahan state.
References
1. Box, G.E.P.a.J., G.M, Time Series Analysis: Forecasting and Control, in Holden day. 1976.
2. Abraham, B.a.L., J, Statistical Methods for Forecasting. 1983, John Wiley & Sons: New York.
3. Chaudhuri, S.a.D., U, An Overview of Data Warehousing and OLAP Technology. ACM SIGMOD,
1997.
4. Chen, C.a.L., L.-M, Joint Estimation of Model Parameters and Outlier Effects in Time Series. Journal
of the American Statistical Association, 1993.
5. Hand, D.J., Data Mining: Statistics and More? The
American Statistician 1998.
6. Klein, G.K., D, Naturalistic Decision-Making. Human Systems IAC Gateway Severity of Usability and
Accessibility Problems in e-Commerce and, 2002.

1733

technics technologies education management

7. Kusiak, A., Data Mining & Decision-Making. In B.V.
Dasarathy (ed). Proceedings Of the SPIE onference
on Data Mining & Knowledge Discovery: Theory,
Tools, & Technology 2002.
8. Dransfield, S.B., Fisher, N.I., and Vogel, N.J, Using
Statistics and Statistical Thinking to Improve Organisational Performance. International Statistical
Review.
9. Friedman, J.H., Data Mining and Statistics: What’s
the Connection ? Proceedings of Computer Science
and Statistics, 1997.
10. Povinnelli, R.J.F., X, A New Temporal Pattern Identification Method for Characterization & Prediction
of Complex Time Series Events. IEEE Transactions
on Knowledge, & Data Engineering, 2002.
Corresponding Author
Foad Marzoughi,
Faculty of computer science and information system,
University Technology of Malaysia,
Malaysia,
E-mail:

1734

Volume 7 / Number 4 / 2012

technics technologies education management

Exclusion from the labour market – case study
Natasa Golubovic1, Srdjan Golubovic2, Srdjan Marinkovic1, Goran Milosevic3, Srdjan Milasinovic3
1
2
3

University of Nis, Faculty of economics, Serbia,
University of Nis, Faculty of law, Serbia,
Academy of criminalistic and police studies, Zemun, Serbia.

Abstract
Exclusion from the labour market is undoubtedly very important determinant of social exclusion. In the empirical analysis it is often used as
the sole indicator of social exclusion and exclusion from the labour market is often equated with
social exclusion. Therefore, policies aimed at
preventing and eliminating social exclusion put
strong emphasis on the labour market participation. Education and paid work are considered as
necessary weapons in combating social exclusion.
Marginalization of individual most often starts
with a job loss. Bearing in mind alleged negative
consequences of not being active in the labour
market, it is necessary to analyze causes, extent
and consequences of the labour market exclusion.
In order to fully comprehend exclusion from the
labour market, we will use the set of Leaken indicators, containing primary, secondary and nation
specific indicators. We will try, using appropriate
data about unemployed, disabled and discourage
persons, to establish approximate degree of exclusion from the labour market in Serbia. Our findings
will show that exclusion from the labour market is
a serious problem in Serbia and that unemployment is the most severe form of that exclusion.
Key words: exclusion, inclusion, unemployment, labour market
1. Introduction
Significant part of the process of social exclusion
can be explained by mechanisms related to labour
market. For many households, labour income is the
main source of funds for livelihood. Unemployment
and insecure jobs lead to exclusion from different
spheres of society. Thus, exclusion from the labour
market can easily deepen other forms of social exclusion - poverty, social isolation and exclusion
from political process. Bearing in mind significance
of labour market exclusion, the aim of this paper is
Volume 7 / Number 4 / 2012

to investigate extent of the labour market exclusion
in Serbia. For that purpose, we will use the set of
Leaken indicators, containing primary, secondary
and nation specific indicators. On that basis, we will
try to establish approximate degree of exclusion
from the labour market in Serbia. Our findings will
confirm that exclusion from the labour market is a
serious problem in Serbia and that unemployment is
the most severe form of that exclusion.
2. Exclusion from the labour market as a
form of social exclusion
From the perspective of individuals, social
exclusion is a progressive process of marginalization that leads to economic deprivation and
various forms of social and cultural isolation
[8]. Since unemployment is often the initial trigger that cause development of different forms of
deprivation, exclusion from the labour market is
considered as very important dimension of social
exclusion. Clearly, the loss of a job means the loss
of economic security provided by earnings. However, the negative effects of unemployment are not
limited to the loss of income. Lost earnings due
to unemployment can be partly compensated by
social benefits, but it can not compensate for other
losses associated with unemployment. Through
job loss, unemployed become deprived of opportunities to learn on the job, leading to depreciation
of their skills. We have to mention the loss of a
sense of control over their lives due to a job loss. It
is believed that participation in the labour market
strenghtens self-esteem, since those are activities
that society values. Unemployment disrupts family and social ties [6], so individual is left without
possibility to establish social connections at work.
Furthermore, long-term unemployment reduces
the possibility of finding a new job. Employers are
reluctant to hire someone who is long out of work
because unemployment has long-term negative
1735
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impact on the skills and motivation of the individual. In addition, labour market is a very important
arena where social interactions take place. Therefore, exclusion from the labour market may well
encourage other forms of social exclusion - poverty and exclusion from social relations. The risk of
exclusion increases with length of unemployment.
EU White Paper on Growth, Competitiveness
and Employment from 1994, emphasizes job creation as a necessary prerequisite for a brighter
future of new generations and their participation
in economic and social spheres [1]. Employment
provides necessary prerequisite for reduction of
social exclusion, but does not guarantee inclusion.
The crucial question is the nature of employment
growth. Often the newly created jobs are related to
temporary and insecure jobs. While the so-called
“standard” jobs provide prospects of permanent
employment, training and improvement, “marginal” jobs are missing one or more of these attributes. Marginal jobs are often poorly paid and
if employment growth is achieved at the expense
of expanding the gap between those at the bottom
of the income scale and the average income level
of the society, it will not reduce social exclusion.
If new jobs are not a stepping stone to permanent
employment, than individuals may stay trapped in
poorly paid and insecure jobs, which increases the
risk of unemployment. People can remain socially
excluded even though they have a job if they are
trapped in those segments of labour market characterized by insecure, low paid jobs, that need no
qualifications (low-skilled jobs). Hence, it follows
that there are different levels of exclusion, so that
individual can be included in the labour market
and at the same time excluded from that segment
of the labour market characterized by “good” jobs.
Segmentation of labour market revolves around
easily identifiable group (mainly on the basis of
gender, race and ethnicity), meaning that exclusion from the labour market is associated with
other forms of social exclusion.
The link between employment and social exclusion is very complex. Job creation can contribute to reduction of social exclusion, but success
depends on the nature of new jobs. In this regard,
key issues are whether new jobs provide recurrence of a sense of control, provide an acceptable
status of employees, ensure perspective, and so on.
1736

3. Indicators of the exclusion from the
labour market
In the Belgian town of Laeken in 2001, set of 18
statistical indicators was defined for the purpose of
monitoring the social exclusion in EU in four dimensions: financial poverty, employment, health
and education. The aforementioned set consisted
of 10 primary and 8 secondary indicators. In order to improve the system of monitoring the social
exclusion, additional effort was put on improving
and finishing the initial list of indicators. Up to
2003, the revised list consisted of 21 indicators (12
primary and 9 secondary). The last revision, conducted in 2009, resulted in the introduction of additional parameters, with particular progress made
in the field of non-monetary indicators (adoption
of indicators of material deprivation and housing).
When it comes to the exclusion from the labour
market, EU uses three primary and two secondary
indicators, which are harmonized at the EU level.
These indicators are complemented by a national
list of specific indicators, which are important for
further interpretation of primary and secondary indicators and enable the country to monitor some
of the specific phenomenon of exclusion from the
labour market in a given context. Nation specific
indicators are not harmonized at EU level.
Table 2. provides an overview of selected primary, secondary and nationally specific indicators
that are used in Serbia for monitoring of the exclusion from the labour market. Labour Force Survey
provides majority of necessary data for the analysis
of labour market exclusion, but not all [7]. Reaching the quality and accurate conclusions about exclusion from the labour market, requires to monitor
changes in this segment for sufficiently long period.
The existing data sources, however, make calculation of necessary parameters in the long run impossible. Also, for certain indicators more detailed disaggregation of data is not possible. When it comes
to improving the system of monitoring the social
exclusion in Serbia in general and specifically in the
labour market, priority task is development of appropriate statistical tools in order to improve accuracy and comparability of Serbian data with data in
other European countries, especially EU countries.
Regional cohesion (dispersion of regional employment rates) as the primary indicator of excluVolume 7 / Number 4 / 2012
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sion from the labour market, is the coefficient of
variation of employment rates among regions.
Dispersion of regional employment rates is zero
when the rates of employment in all regions are
identical, and grows with increase of the gap between them. Data in Table 1. indicate a low level
of regional cohesion in terms of employment rates.
Table 1. Selected indicators of exclusion from the
labour market in Serbia
Primary indicators
Regional cohesion (dispersion of regional
0.062
employment rates)
Long-term unemployment rate
14.3
Secondary indicators
Share of long-term unemployed in total
83.9
unemployment
Rate of very long unemployment
12.2
Nation specific indicators
Activity rate
58.8
Unemployment rate
20.0
Employment rate
47.1
The share of employees with less than 15
1.3
working hours per week
The share of informal employment (work in a
19.3
shadow economy)
The share of unemployed who have given up
7.1
searching for job
Source: Labour Force Survey 2010, Statistical Office of the
Republic of Serbia, calculations by the authors.

Given the negative effects of exclusion from
the labour market, measures directed towards
inclusion of a greater number of working age individuals in the active population (labour force)
represents very important segment of economic
policy in every country. In this context, we have
to see which part of the population in Serbia, aged
between 15 and 64, is included in the labour force.
In Serbia, only 58.8% of the population aged between 15 and 64 is included in the active population. By comparison, this ratio is 71.3% for EU27, and 71.4% for EU-16 [9], clearly pointing to
the fact that Serbia is lagging behind considerably
in this respect in relation to EU. The activity rate
measures the total labour supply in an economy,
i.e. indicates the size and structure of human resources in the labour market. However, this indicator taken individually do not tell us much about
the degree of exclusion from the labour market.
Volume 7 / Number 4 / 2012

Also, the relatively high share of inactive population in itself is not an indicator of social exclusion,
but it is clear that exclusion from the labour market increases the risk of social exclusion.
To get a better insight into the extent of exclusion from the labour market, it is necessary to go
beyond data on active population and to analyze
the unemployment data. Serbia has very high unemployment rate (20%) and rate of very long unemployment (12.2%). Share of individuals that are
searching for job for more than a year represents
83.9% of the total unemployed. However, beside
unemployment rate, possibility of inding a new
job is also very important. High unemployment is
consistent with the two modalities of the labour
market: 1) highly active labour market, in which
many workers are going through unemployment
on the way to another, better job or 2) the so-called
»sqlerotic« labour market, where unemployment
is »stagnant pond«, with unemployed having very
little chance to get to work in the near future [5, p.
43]. By most of its characteristics, Serbian labour
market corresponds to the second type. Serbia has
relatively high rate of inflow to unemployment and
a very low rate of outflow into employment. Beginning with 1990, the sum of individuals registered at the Employment Services after loosing their
yob, plus newly registered in the labour market, is
constantly higher than the number of those who
have found employment. This difference in 1990.
amounted to 264, 1.995 - 4208, 2.000 - 5452, 2.005
– 19.105 and in 2009 – 40.980. [10] [11]. Serbia
has relatively high rate of unemployment, with a
significant number of long-term unemployed.
One of the major problems is the relatively high
rate of youth unemployment. Approximately 50.2%
of the unemployed are under 35 years [4]. It should
be added that younger categories have a lower percentage of permanent jobs, a higher percentage of
temporary job compared to the older categories,
meaning that they have a higher risk to move into
the category of unemployed. High rates of long-term unemployment have a range of associated
adverse effects. First, given the fact that more and
more individuals are out of work for a long time,
they loose their job skills. These individuals often
become discouraged and stop searching for job.
It is not surprising that Serbia has relatively high
share of discouraged persons (7.1%) [4]. It shou1737
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ld also be emphasized that underemployed human
resources not only put real gross domestic product
below potential level (and in the long-run lead to a
reduction of potential product), but also cause additional fiscal burden regarding social benefits. Serbia
has relatively high share of informal employment
(according to the Statistical Office of the Republic of Serbia the share of informal employment
in overall employment is 19.8%), mostly in trade,
catering, industrial and manufacturing facilities and
construction. Those workers are with low and irregular wages, unable to use basic labour rights.
Previous analysis points out to conslusion that
Serbia needs active labour market measures. Investment in human resources, economic policy and
assistance to vulnerable groups are considered as
necessary elements in the set of measures directed
towards increase of social inclusion. Special attention must be given to active measures oriented
towards increase of employment of vulnerable
groups. That requires comprehensive approach
with adequate measures of economic policy, education and health services, as well as measures that
will improve functioning of the labour market.
Table 2 contains data on services provided by
the National Employment Service (NES) to unemployed in Serbia in 2010, by type of active labour
market measure. This indicator should provide insight into the access to support services regarding
employment.

However, data refer to the number of services
provided, not the number of persons who were beneficiaries of active labour market measures. One
person can use several services, so the total number
of services provided is not equal to the total number of persons involved in the active measuers. For
now, National Employment Service (NES) doesn’t
provide data on the number of persons who were
included in active labour market measures.
Table 3. presents data on the number of approved start-up loans from state budget in 2009
to unemployed. This form of support is especially
important in current conditions because of already
high unemployment rate and expected additional
fall of employment due to the global financial and
economic crisis.
4. Extent of the exclusion from the labour
market in Serbia
The following step is to establish approximate
level of exclusion from the labour market in Serbia [3]. The obvious group of excluded from the
labour market are unemployed individuals. As we
have seen, Serbia has very high unemployment
rate, as well as high rate of long-term unemployment. However, reducing exclusion from the labour
market to unemployment is a narrow perception of
this phenomenon [2]. The next group of apparently
excluded from the labour market are discouraged

Table 2. Overview of services provided by the National Employment Service (NES) to unemployed in
Serbia in 2010, by type of active labour market measure

Total
Career guidance and counseling
Employment fairs
Active job search
Additional education and training
Entrepreneurship development and
employment programs

Number of services
provided
257.755
111.840
51.460
35.380
20.000

Number of services provided as a% of the
number of persons registered at the NES
45.5
19.7
9.1
6.3
3.5

39.075

6.9

Source: National Employment Service, calculations by the authors.

Table 3. Number of approved start-up loans in 2009 to entrepreneurs and legal entities in Serbia
Total

Entrepreneurs

1763

1245

Legal
entities
518

Approved start-up loans as a share
of the number of unemployed
0.31

Approved start-up loans
per 1000 unemployed
3.1

Source: Labour Force Survey 2010, National Employment Service, Serbian Development Fund, calculations by the authors.
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individuals. The concept of discouraged individuals include those individuals who want to work and
could work but have given up actively searching for
a job because they believe that they can not find it.
According to data from the Labour Force Survey
for 2010, in the structure of the inactive population 7.1% are discouraged. As a rule, high unemployment rates in certain groups are accompanied
with high rates of discouraged individuals. This is
because in the conditions of high unemployment,
prospects of finding a new job are slim, so individuals are less active in searching for job. Because
young people in Serbia have difficulties to find a
job, as is evident from the rates of unemployment
in different age groups, it is logical to assume that in
the structure of discouraged there are more younger
than older persons. Unemployment rates are highest for the age group 15 - 24 (46.1%) and group
25 - 34 (27.5%). However, these age groups has the
lowest percentage of discouraged: in the group 1524 there is 1.2% discouraged, and in the age group
25-34 there is 9.6% discouraged. This percentage is
considerably higher in older age groups (35-44, 4555, 55-64). Thus, although the unemployment rate
among young people has increased, they havn’t lost
the hope that they will find a job. They feel more
able to adapt to changes in the labour market compared to the older individuals. In general, elderly,
those living in rural areas and those with lower
secondary education, have the highest share of discouraged [4].

The third category of excluded refers to those
who do not participate in the labour market due to
illness or disability. Here are those who want to
work but either can not find a suitable job or no one
wants to hire them. Some of them doesn’t work
not because of inability, but because they have not
been offered with adequate working conditions.
In Serbia, in the structure of inactive population
10.1% are inactive due to illness or a disability [4].
Another possible excluded groups are those working at home and those early retired. The question
is how to deal with them in the empirical analysis,
since there is no information on whether they have
chosen to work at home, why they are early retired
and the like. Regardless of whether this exclusion
is voluntary or not, the positive social effects arising from employment are absent here.
On the basis of previous analysis we will try
to establish approximate degree of exclusion from
the labour market in Serbia. Based on share of unemployed, discouraged and disabled individuals
in the total working age population aged between
15 and 64, we obtain the theoretical maximum degree of exclusion from the labour market (Table 4).
For Serbia as a whole, one-sixth of the population
of working age is excluded from the labour market. Unemployment is obviously the most serious
problem when it comes to exclusion from the labour market, as expected. Unemployment can be
considered a more serious form of exclusion from
the labour market than illnes or handicap because,

Table 4. Proportion of the population excluded from the labour market in Serbia*
As a % of working age populuation (15-64 years of age)
Labour force status:
Employed
Unemployed
Inactive due to the illnes or handicap**
Discouraged
Not in the labour force:

47.09
11.74
0.62
3.94
36.61

Of those in the labour force:
Excluded from the labour market (unemployed, disabled/handicapped, discouraged)
Not excluded from the labour market: ***

16.30
83.70

* Exclusion from the labour market is defined as those unemployed, those not working because of illness or handicap and discouraged individuals.
** Inactive, wanting to work but can not find suitable work due to illness or disability.
*** Those who are not part of the active population (labour force) for reasons other than unemployment, disability or discouragement are not considered to be excluded from the labour market.
Source: Labour Force Survey, 2010, calculations by the authors.
Volume 7 / Number 4 / 2012
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by definition, those who are registered as unemployed are able to work and their exclusion from
the labour market has many negative effects, apart
from financial [2]. At the same time, there are disabled individuals who are able to work but who
are not seeking job because they are discouraged
by the situation in the labour market. The negative social effects of unemployment are similar for
both groups. Unemployment and disability reflect
negatively on the economic status of individuals
and the quality of life in general.
5. Concluding remarks
Since the growth of social exclusion is closely
interrelated with the decline in employment, exclusion from the labour market is considered a very
important dimension of social exclusion. Unemployment is a key form of exclusion from the labour
market, where the risk of exclusion increases with
the length of unemployment. Previous analysis provide us with a basic insight into the degree of exclusion from the labour market in Serbia. Based on the
share of unemployed, discouraged and disabled individuals in the total working age population aged
between 15 and 64, we established theoretical maximum degree of exclusion from the labour market.
The analysis demonstrated that in Serbia, one-sixth
of the population of working age is excluded from
the labour market and that unemployment is a key
factor in exclusion from the labour market. Bearing
in mind increased unemployment, rising long-term
unemployment and growth of the number of individuals in precarious jobs that struggle to find stable
employment, Serbia needs appropriate measures
that could mitigate the problem of exclusion from
the labour market. Reducing exclusion from the labour market is an important step in the fight against
social exclusion. In this context, investment in human resources, economic policy and assistance to
vulnerable groups are considered as necessary elements in the set of measures directed towards increase of social inclusion. Special attention must
be given to active measures of the labour market
policy oriented toward increase of employment of
vulnerable groups. It requires a comprehensive approach with adequate measures of economic policy,
education and health services, as well as measures
that will improve functioning of the labour market.
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Abstract
In this paper, some considerations on the most
important elements of marketing promotion on the
international market are presented. The exposed
problems are considered from various aspects and
the following steps in designing promotional strategies are analysed – advertising, public relations,
personal sale, sale stimulation and direct marketing. The paper also emphasizes the most important
characteristics of Internet technology application
in this area regarding implementation of web sites,
search marketing, internet advertising, public relations on the Internet, viral and affiliate marketing,
e-mail and blog marketing, as well as discussion
groups marketing.
Key words: Marketing promotion, public relations, Internet advertising

tion/customization, cross selling and discovering
customer lifetime value” [3].
When defining the promotion strategy on the
international market, promotional mix elements
must be taken into consideration, Figure 1.
All of the specified elements are used in modern
marketing, independently or in various combinations, and each of them includes various sub-instruments. The challenge offered by effective communicating with foreign countries is the reason why
big companies (such as Nike, Nestle, Microsoft and
others) use promotion as a very important aspect of
its business activities. The researches of marketing
promotion take place in various directions, whereat
the authors analyze the application of a large number of different methodologies:

1. Introduction
A promotion is an instrument of the marketing
mix on the basis of which the company communicates with its consumers. A part of communication
is carried out based on products, pricing and distribution policies, but the company relies mainly on
its promotional activities when communicating a
message to the market.
Marketing promotion involves many elements
which can be analysed from various aspects. By
analyzing product mix, pricing, sales channels and
promotions, Farris et al. (2007) describe “broad
range of topics to give the reader a sense of the effect of their overall marketing strategy and execution” [1]. Harris (2008) emphasizes a large number
of marketing promotion principles explaining “how
to Manage Affiliates, Techniques, Advertising, Programs, Solutions and Promotion” [2]. Yang (2004)
examines different aspects of marketing analysis in
business activities, such as “market segmentation,
direct marketing, targeted marketing, personalizaVolume 7 / Number 4 / 2012

Figure 1. Promotional mix model [4]
– Stochastic models and marketing promotion
methods [5]
– Effects of advertising [6]
– Means based on model for simulation
analysis [7]
– Aspects of economy based on knowledge [8]
– Methodology and results of marketing
promotion
– Values in the form of product, organisation,
services [9]
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– RFM (Recency, Frequency, Monetary)
analysis [10]
– Optimization problems of marketing integration [11]
– Quantitative marketing as a discipline [12]
– Different approaches to quantitative models
formation in prediction of buyers’ behaviour
[13]
– Marketing consulting [14]
Nowadays, the Internet technology [15,16]represents an inevitable element in the implementation of
marketing promotion. Mark (2003) emphasizes that
„The Internet revolution has dramatically changed
the way businesses compete with each other, the
way customers shop and the way companies collect,
store, and process data on customer behaviour“ [17].
Bayne (2002) points out that “With the explosive
growth of the Internet, marketers were forced to rewrite the book on traditional marketing and develop
innovative strategies to reach their audience” [18]
Panchanathan (2005) describes the development of
the Internet marketing as the following facts [19]
1. Internet and mobile users are growing
2. Television will also be internet based
3. Everything going the personalized
marketing way
4. Traditional marketing costs are growing
5. Ease of tracking success of failure
6. Easy accessibility to products from any part
of the world
Extremely fast development of the Internet technology imposes „new measures that are necessary,
including such measures as click through rate and
pageviews“ [20]. Internet marketing is currently the
focus of researches of many authors’ who are trying to analyse “key factors that determine the popularity of extended products in the online channels”
[21], “fundamentals of Internet marketing programs and the options available to business leaders
and marketing managers “ [22]. Khan, Lewis and
Singh (2009) point out the significance of financial
effects during the application of this technology, by
analysing: “financial benefits of and computational
challenges involved in one-to-one marketing” [23].
This paper includes the review of many elements which characterise the modern development of marketing promotion.
1742

2. The steps in design of promotional
strategies
There are certain levels in the design of promotional strategies which aim at supporting the
realisation of promotional goals. When launching
the new or redesigned or rebranded product, these
levels create the steps in planning the promotional
campaign. However, many organizations are worried, not only because of promotional campaigns
specifics, but also because of preservation of constant awareness and positive attitude towards their
products. In such circumstances, while each of
these levels is important, the levels will not be approached in the order specified below:
1. Identification of the target group. The
first level implies the identification of the target
group. It can include a complete market segment
for organization’s product, or a specific promotional strategy can be focused on a particular area.
In line with that, the messages and channels can
be selected, but it is very important that the other
groups on the market are not threatened by the
messages linked with the strategy.
2 Defining of promotional goals. The way
in which these goals can be categorised depends
on the model of communication or promotional
process which is considered to be the correct one.
Table 1. [24] compares four different models of
communication process; each of them has different stadiums. Each of them can be said to have
three different stadiums: . .
Cognitive stadium in which the potential buyers become aware of the existence of the product.
Affective stadium in which the consumers form
opinions and attitudes about the product.
Behaviour stadium in which the consumers
buy products based on their experience in the first
two stadiums.
The best among these models is AIDA model.
It includes four stadiums:
Awareness – where the potential buyer becomes aware of the product,
Interest – where the interest in product is developed,
Desire – where the buyer gets the desire to buy
the product,
Action – where the buyer buys the product.

Volume 7 / Number 4 / 2012

technics technologies education management

Table 1. Different models of communication process [24]
Stadiums

„AIDA“
Model (a)

„Hierarchy of the
effects“ Model (b)

„Acceptance of
innovations“ Model (c)

Cognitive
stadium

Attention
↓

Awareness
↓
Knowledge

Awareness
↓

Interest

Appeal

Interest

Affective
stadium

↓
Desire

↓
Popularity
↓
Judgment

↓
Estimation

Attitude
↓
Intention

Behaviour
stadium

↓
Action

↓
Purchase

Testing
↓
Acceptance

↓
Behaviour

The design of promotional strategy is important in order to define the exact aim – attracting attention, creating the interest, stimulating the need
or provoking the action.
3 Creating of the message. The message
will often reflect the unique selling imperatives
of the product (a unique set of advantages which
this product provides and from which the buyers
will benefit). An important factor that should be
taken into consideration is that the organization
should promote both consistent and evolving image through all its separate campaigns; otherwise,
the consumers will become confused and the conveyed message will not be clear and universal.
The elements of the message that should be taken
into account are:
– contents – what to say,
– structure – how to say it logically,
– form – how to say it symbolically,
– source – who should say it (who should be
the speaker).
4 The strategy for formulating the promotional message. This strategy is defined in dependence on whether the message is placed on one
or a large number of markets. If the message is
placed on one foreign market, the strategy differs from the one used on the domestic market
for many reasons (linguistic and cultural reasons,
diversity of products, diversity of consumers, alternatives regarding diversity of media resources,
sophistication of the message, business priorities,
marketing position).
Volume 7 / Number 4 / 2012

„Communications“
Model (d)
Presentation
↓
Reception
↓
Cognitive reply

5 Selection of communication channels.
6 Budget defining.
7 Decisions on promotional mix. Factors
which should be taken into account when defining
a proper promotional mix are the following ones
[25]:(available budget, marketing message, complexity of the product or service, size of the market and location, products distribution, stadium in
product life time and competition).
8 Measuring of promotion results. The promotion involves certain investments. It can often
be difficult to make a difference between the promotion effects and other elements of marketing
mix. However, it is important to monitor the promotion effects by watching the sales numbers and
all other available reputation measures.
Advertising is one form of market subjects
communication with their target market. The authorized British Institute for marketing defines
advertising as a „leading process of profitable defining, predicting and satisfying buyers’ demands”
[26]. It is a part of the promotional mix of the producer or service provider together with personal
sale, stimulation (improvement of sales), public
relations, direct marketing and Internet. The aim
of advertising is to send the message to the target
market in the right way, at the right time and at the
right place [27]. As a result of increasing competition, intensification of the market and constant
struggle for survival, the advertisers must use the
time or printing space, which is usually very expensive. According to the definition of The Insti1743

technics technologies education management

tute of Practitioners in Advertising „the advertising is the most persuasive selling message aimed
at real potential buyers of the product or service at
the smallest possible price “[26].
The message sent by advertising is of non-personal character, the information is not conveyed
to the buyer personally, by the advertiser, but via
paid media instead, i.e. the advertiser pays for the
use of media space which is most often owned by
somebody else [28].
It is a mass communication form with the information being sent from one source towards a large
number of recipients not known to the advertiser. Its
aim is to promote, directly or indirectly, by inviting
people to buy, i.e. the aim of sending the information is the presentation of the advertiser and the offer in the positive tone, so that the buyer would get
the desire for buying. The advertiser must be identified, i.e., it must be clear who is sending the message
[29]. Independently of what the aim of advertising
is - creation of awareness of certain brand, promoting or positioning of the product or service - most
researchers see advertising as a way to stimulate
buyers to buy the product or use the service: this
process is often described by aforementioned acronym AIDA which explains the phases which the
consumer encounters prior to buying the product or
using the service [30]. Before making the decision
on using a particular media [the alternatives can be
widely grouped as printed (newspaper, magazines,
billboards, posters), visual (television, cinema) and
audio (sound) media with radio as the most important one, global and other media], frequency, range
and influence of advertising should be defined, adequate communication channel and message-bearer
selected and advertising time defined [31].
Public relations represent the function of marketing communication related to the implementation of program with the aim of making it comprehended and accepted by internal and external public, which involves internal and external communications. Internal communications are important for
creation of proper company culture (especially in
multinational companies), while the relations with
external public are focused on interactions with
consumers [32]. The segment of public relations
which deals with the establishment of communication between the organization and target group
of consumers can be marked as market public re1744

lations and defined as: „the process of planning,
implementation and development of program for
improvement of sale and fulfilment of consumers’
needs by reliable conveyance of information and
impressions by which the organization and its products are identified with the needs, desires, worries
and interests of the consumers” [33].
Public relations are different from other promotional mix elements firstly due to their target
group (they are focused on public, not only market), goals (primary goal is forming of opinions
and attitudes, not behaviour) and means [34].
The public includes not only consumers, but
also share-holders, government, media, companies, suppliers, distributors, financiers... Economic publicity and public relations aim at creating
good image of the product or service, preventing
criticism on the specified market, influencing the
surroundings, politics and public. A good concept
is necessary in this segment in order to overcome
misunderstanding which is the consequence of
cultural and political differences.
Personal sale is a personal communication
between the sales representative of the company
(seller) and a potential buyer [35]. Communication efforts of the seller are aimed at informing
and persuading the potential buyer, with shortterm goal – sale realization – and a long-term goal
– development of the relationship with that buyer.
The seller’s task is to realize the needs of buyers,
satisfy those needs with company’s products and
then persuade the consumer to buy that product.
The criteria for engagement, selection and management of employees in sales department differ
from those applied in the domestic market due to
cultural and social differences (lack of qualified
employees, linguistic separations etc.). One of the
questions that needs solving is whether the sales
on foreign market should be performed by domestic or foreign sales team, which often depends on
technical properties of products or services.
Stimulation of sales is related to the paid communication program focused on consumers or
trade, with limited duration, which contributes to
the real value of product or brand [32]. It is much
more important on the international level than on
the domestic one. While on the domestic market the
stimulation of sales usually has the form of competition, coupons, giving of samples, premiums and
Volume 7 / Number 4 / 2012
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non-cash transactions, the most important type of
such sales on the international market is trade exhibition – fair. In the case of application of aforementioned types of sales, it is necessary to bear in mind
their attractiveness on the foreign market, their acceptability from the social and cultural aspects as
well as legal limitations. In many companies, the
costs of sales improvement activities exceed the
costs of media advertising. However, the sales improvement activities should be integrated and coordinated with other promotional mix activities. In
addition to providing visible stimuli to the buyers,
sales improvement resources also reduce perceived
risk of buyers regarding buying of the product.
From the aspect of company, the advantage of sales
improvement is that the manager can immediately
monitor the results. Besides that, prize games and
other forms of sales improvement can require from
consumers filling out of questionnaires and returning them to the company, which provides collecting
of information, creation or updating of databases
and their application for communication with the
consumers in the future.
Direct marketing involves the direct exchange
with the individuals whose names and addresses the
company knows. The main resources of the direct
marketing are: direct mail, door to door sales, telemarketing, television and printed and other media.
Direct marketing can be realized via three classic marketing functions: research of market, sales
and marketing communication. Among a large
number of resources in the field of marketing,
communication component is the most intensive
one, which is why this area is placed in the context
of marketing communication instruments.
In direct mail, the company uses postal services
as a means for delivering the offers to potential
consumers. The effectiveness of direct mail depends on the availability and quality of the address
list. The address list is not equally available everywhere in the world. Successful sale via post office
requires the efficient system of postal services and
delivery of ordered products. The traditional direct
mail is changing. The new forms of postal services
will make it possible for companies to have more
efficient communication with their consumers on
the basis of catalogue or electronic mail. The use
of new electronic medium – the Internet – is constantly growing within direct marketing.
Volume 7 / Number 4 / 2012

Many companies use catalogues together with
the traditional retail distribution. The catalogues
are usually distributed to the foreign consumers
via direct mail, but on-line versions of the catalogue are becoming more applied nowadays.
Door to door sale is not equally accepted in all
the countries. There are problems with finding the
sales persons because, in some countries, people do
not understand that the profit can be made by selling products to your friends, colleagues at work or
neighbours. Besides that, finding sales persons who
will work periodically (not constantly) might be difficult.
Due to the functioning of telecommunication
system and industry deregulation, telemarketing is
developing worldwide. Telemarketing is developing in more and more countries in Latin America
and Europe, because the consumers are readier to
make certain telephone calls and to take calls from
companies.
3. The new medium- Internet
During the last couple of years, the traditional
communication methods became less effective
[36], and started giving way to innovative communication tools due to immense progress in the information technology area (IT). With the development
of the Internet, electronic communication has become the main phenomenon [37]. The individuals
can share their opinions and information with the
others much easier and faster than ever before, and
all that for free, literally [38]. This has given the
consumers greater power than ever before.
The speed of obtaining the message, news or
any type of information nowadays is much faster
via the Internet. This is a very important topic in
the modern conditions of trading, globalisation
and competitiveness. Another significant difference is the durability of marketing message being
conveyed to the consumers. If the traditional media are used (television, magazines..) the message
will get the attention only during a limited paid
period. Therefore the organisations, being global
or not, realize that they have to include the Internet
when planning the promotion.
All the information on the company or product
which appears on the Internet has certain promotional effects. However, the Internet promotion is
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an organised activity aimed at promoting a company, a product or a service.
Web site represents the key element of the
Internet promotion. The non-existence on the Internet can convey a negative image to different
partners of the company. It should be connected
to overall marketing strategy, which means that it
should be well designed and adjusted to the market. However, a web site itself is not sufficient for
the Internet promotion; its existence is only a condition necessary as a start of the Internet promotion. In order to achieve the best effect, Internet
promotion should consist of the application of
web sites in combination with Internet- promotional techniques, Figure 2. [39].
The specified techniques are only a part of a
wider spectrum of Internet techniques which develop quickly together with the practical technical
development of the Internet.
Marketing searches, also known as Search Engine Marketing, is one of the most important Internet-promotional techniques. The aim of search engine marketing is the increase of company’s visibility on Internet search pages. Over 80% of Internet
users use the Internet search engines when looking
for information, which makes them the most visited
Web pages on the Internet [40]. Also, the consumers, interested in buying a product, most often look
for offers related to it via search engines. Just as
a good location is important in traditional sale of
products and services, so is the location on the web
important for this kind of sales. Search results can
be unpaid or paid. Unpaid (Google or Ask) search
results are „the best“ web pages which match the
given query (key words, terms, phrases..). They are
most trusted by the users and most visitors reach
web sites by using them.
Internet advertising can be defined as the use
of Internet as a medium by which the advertising
message is conveyed via computer screen [41]. A
somewhat narrow interpretation of Internet advertising defines it as conveyance of advertising messages to the Internet users via Web sites, e-mails
and advert-supporting computer programmes. Advertising over Internet is cheaper faster and intended for enormous auditorium. Most frequent forms
of Internet advertising are banner adverts by which
the company advertises one of its products, service
or its own Web site on a particular Web page. Un1746

like most other techniques of Internet promotions,
banners require significant financial investments.

Figure 2. Combination of Web sites with Internet
[39]
Internet Public Relations (or Online PR) represent the collection of all the actions undertaken on
the Internet with the aim of conveying the message
to the users who might be interested in it. On-line
PR could also be characterised as the set of all the
actions undertaken via Internet in order to attract
the attention of the media, television, radio, press,
other web-sites, on-line forums etc. so that someone interested in that message might see it or hear it
and then convey it to the others. To put it briefly, online PR is not about how to bring the visitors to the
Web-site, it is about how to use the specified Website in order to make it topic of other media. [42]
Viral marketing is defined as any strategy
which stimulates the individuals to spread the marketing message to the others, creating in that way
the potential for the exponential growth of that message exposure and its influence [43]. The advantages of viral marketing are extremely low costs,
because all that is required is a good impression
which the user will convey further, and because it
is easily included in other Internet marketing techniques thus becoming an important part of the overall Internet promotion. The very beginning of viral
marketing consisted of prize games and electronic
cards, while nowadays it usually consists of video
recordings aiming at drawing the users’ attention to
the company or its products, i.e. services.
Affiliate marketing is the term which is often
used to describe the program which defines the
Volume 7 / Number 4 / 2012
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Web site and which enables other Web sites to advertise products and services and to receive compensation for that. Affiliate marketing programmes
can represent one of the most powerful techniques
of Internet promotion [44]. Web site either creates
its own affiliate programme or gets included into
affiliate network [45]. In affiliate marketing, the
organization shares the sales profit with its affiliate which has directed the buyers by advertising
via banners and links located on its Web pages,
e-mail or paid adverts on search engines. There
are several important advantages of using affiliate
marketing: flexibility, low costs, non-existence of
the need for engagement of new workers, unlimited number of products and services which can be
promoted and global market [46].
E-mail marketing- Electronic mail (e-mail)
represents the most popular Internet activity, i.e.
service used by over 90% Internet users. Around
210 billion e-mail messages are exchanged daily
worldwide, which means that within each second
2 million electronic messages are sent [47]. The advantages of electronic mail in relation to traditional
one are better flexibility and speed, possibility for
forwarding the same content to a large number of
users, the possibility for obtaining information on
receipt of e-mail message in real time (receipt confirmation), defining of message importance, replying immediately after the receipt of message. Even
when the company or the individual do not exist on
the Internet, the possibility for communicating via
e-mail-a is implied [48]. The fact that an average
Internet user spends more time reading and sending
e-mails than “surfing” the Web also contributes to
this. A large number of Internet users might never
again return to the same Web site after that one visit. However, if the visitor’s e-mail is recorded, there
is a possibility to make contact again [49].
Blog marketing- Unlike web-sites, blogs represent a real example of creating contents by users.
Since 2004, blog has become one of the most dominant methods for representing the individuals and
companies by offering fresh and authentic information [50]. Blog marketing could be characterised
as marketing which implies the use of Web sites
which consist primarily of personal and professional observations in the form of diary or journal
[51]. There are several important reasons why companies use blog in their promotional presentations
Volume 7 / Number 4 / 2012

on the Internet: great visibility of blogs on search
engines, direct communication with the consumers,
ability to create market brands and means for differing from competitors, to create personal relation
with the consumers, to provide better introduction
to the market, to build on-line reputation, to enable
the demonstration of personal attitudes and opinions and internal communication in companies[52].
Discussion groups marketing is often left out
from the list of promotional techniques on the Internet. Most usually the reason for this is the fact
that the discussion groups are considered to be only
a means within public relations techniques on the
Internet. However, the discussion groups are „older“ than Web, where most of the Internet promotion
takes place. The first step in the promotion within
discussion groups should be the identification off
those discussion groups which are suitable for
the company’s offer. Posting of comments can be
performed simultaneously within several groups –
cross-posting. This can be useful when using several
groups with the similar topic. We should emphasize
that, unlike Web, promotion via discussion groups
addresses considerably smaller audience and cannot be the main promotional technique within Internet promotion strategy. However, it should not
be left out; instead, it should be used as a specific
promotion means [53] because it can be very efficient for creating interest on the product [54] within
specific target groups.
Separate on-line promotional techniques were
made as the consequence of the technological development of particular segments of global world
network. At the same time the promotional on-line
techniques themselves are constantly being developed, offering new possibilities for improvement of
promotion of companies and products via Internet.
4. Conclusion
Marketing promotion represents one of the most
important elements of modern business. The key
results of this activity reflect in financial results as a
resulting indicator of the overall business activities.
It is undisputable that there are many elements
which characterize marketing promotion. Also, it
can be analysed form a large number of aspects.
Modern authors emphasise different approaches
to this analysis. In this paper, examinations of key
1747

technics technologies education management

elements of the current approach to the marketing
promotion are given, such as:
– Advertising
– Public relations
– Personal sale
– Stimulation of sale
– Direct marketing
The introduction of the new media, Internet,
represents a revolutionary progress and a turningpoint in realisation of the marketing promotion.
The conclusion is that the application of this technology is mainly characterised by:
– Access to information contents regardless
of the user’s location, whereat particular
effects are possible within promotion on the
international market
– Availability of information at any time,
regardless of access time
– Possibility for search of products and all
additional information
– Internet represents an inexpensive marketing
medium, intended for immense auditorium
– Possibility for implementation of various
forms of multimedia contents
– Flexibility and speed
– Reduction of need for engagement of new
workers
– Unlimited number of products and services
which can be promoted
– Possibility for forwarding the same content
to a large number of users
– Contribution to the image of company
towards buyers and different business
partners
The specified characteristics considered in this
paper, as well as by many authors, represent some
of the most important properties of application
of Internet technology for the realisation of the
marketing promotion. It can be concluded without doubt that the application of such a modern
medium nowadays represents an unavoidable element which must be taken into account for this
purpose. An inevitable characteristic is also the
extremely fast development of this technology in
all the aspects: hardware potentials, software improvements and implementation of marketing solutions based on this platform.
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However, the technology itself represents only
a technical means which must be connected to the
overall marketing strategy. In this paper, the steps
in designing promotional strategies were also
analysed. It can be concluded that these activities
constitute an inevitable element of each marketing
activity. Due to the application of modern technologies, they obtain new dimensions and multiple
results.
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Abstract
Classic Sturm’s theorems are qualitative theorems, which refer to oscillating movements, locations of zero oscillations (knots), periods and frequencies, phases and amplitudes of oscillations, i.e.
to all terms which are basics in electrical engineering. These theorems provide laws on interlacing of
zeros of two fundamental oscillating solutions, as
well as on interlacing of abscissas of extreme and
zero solutions. However, they do not determine the
exact number of zeros, but only tell us about the possible minimum number of zeros without determination of more precise location of zero solutions. In
this work we shall improve Sturm’s theorems which
have been almost two hundred years old. Namely,
we are going to determine the locations of zero oscillations of the oscillation equation y ′′ + a( x) ⋅ y = 0
, a(x)>0. We shall also locate the abscissas of extremes which is a rather significant step. This will
be considerable mathematical improvement, without any grand mathematical formalism and rather
convenient for engineering practice. We can claim
that, in some way, we have demystified this issue
and showed that neither theory of groups nor some
other numerics are necessary for oscillations of the
second order.
Key words: Differential equation, oscillations,
oscillation knots, iterations, Sturm’s theorems.
1. Introduction
Let us have canonic differential equation of the
second order:
y ′′ + a ( x) ⋅ y = 0 .............................. (1)

where a(x) is positive uninterruptible function

on canonic interval, but on semi-axis [0, + ∞ )
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it is also big enough to cause oscillations, i.e.
a(x) is such a function which makes the integral
+∞

∫a( x)d x

diverge. Then based on the Picard-

0

Lindelöf theorem, the equation (1) has a unique
twice uninterruptible solution y(x), which can be
found by iterations. The same is determined from
normal form:
y ′′ = −a ( x) ⋅ y ............................... (2)

if we find the first integrals.
x

y′ = C1 − ∫ a ( x ) ⋅ y ( x ) d x ,................... (3)
0

x x

y = C1 x + C2 − ∫ ∫ a ( x ) ⋅ y ( x ) d x 2 ,........... (4)
0 0

{

}

If we define the iteration sequence y [ n] ( x) ,
n=1,2,3… by integral equation (4), then with naturally suggested relation:
x x

y[ n ] ( x) = C1 x + C2 − ∫ ∫ a ( x) y[ n−1] ( x)d x 2 ,
0 0

n=1,2,3 .................................. (5)
with initial approximation y [0] ( x) for which
y [0] (0) = y (0) = y 0 , we easily obtain the solution of

the equation (1) in the form of iteration sequences:
x x
x x
 xx

y ( x) = C1 1 − ∫ ∫ a( x)d x 2 + ∫ ∫ a( x)d x 2 ∫ ∫ a( x)d x 2 − ... +
0 0
0 0
 00

x x
x x
x x


+ C2  x − ∫ ∫ x a ( x ) d x 2 + ∫ ∫ a ( x ) d x 2 ∫ ∫ x a ( x ) d x 2 − ...
0 0
0 0
 00


......................................... (6)
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The convergence of the procedure follows
based on Picard’s theorem. Since (6) contains random constants C1 and C2, then the function y(x)
given with the relation (6) is general solution of
the equation (1). If we take that C1 = 1 and C 2 = 0
, i.e. C1 = 0 and C 2 = 1 , we obtain two particular
integrals:
x x
x x
x x

2
2
 y1 = 1 − ∫ ∫ a( x)d x + ∫ ∫ a( x)d x ∫ ∫ a ( x)d x − ...,

0 0
0 0
0 0

x x
x x
x x
 y = x − x a ( x ) d x 2 + a ( x ) d x 2 x a ( x ) d x 2 − ...
2
∫0 ∫0
∫0 ∫0
∫0 ∫0



......................................... (7)
The functional sequences which define solutions y1 and y2 are absolutely and uniformly convergent according to Weierstrass’ criterion, because they are majorated with convergent potential
sequences. That is why they can be differentiated
and integraled member by member as follows:
x
x
x x

2
 y1′ = − ∫ a ( x ) d x + ∫ a ( x ) d x ∫ ∫ x a ( x ) d x − ... =
0
0
0 0

x

 = − ∫ a ( x ) y1 ( x ) d x

0

x
x
x x
 y′ = 1 − x a ( x ) d x + a ( x ) d x x a ( x ) d x 2 − ... =
2
∫0
∫0
∫0 ∫0


x

 =1 − ∫ a ( x ) y 2 ( x ) d x.
0


......................................... (8)
Since y1 (0) = 1 , y1′ (0) = 0 , y 2 (0) = 0 , y 2′ (0) = 1 ,
the Wronskian of the equation (1) is obtained based
on Liouville’s formula:

W ( x) = W ( y1 , y2 ) = W ( x0 ) ⋅ e
= W (0) =

y1 (0)
y2 (0)



∫

x0

⇒ W ( x0 ) =

y1′ (0)
=1¹ 0
y2′ (0)

Therefore, the solutions y1 and y2 are linearly
independent and relation:
y1 y 2′ − y1′ y 2 = 0 ,

1752

i.e.

......................................... (9)
represents the basic trigonometric relation
which include the solutions of the equation (1).
Solutions y1 and y2 represent non-elementary
functions similar to Euclid’s sine and cosine. They
depend on a(x), but the coefficient a(x) does not
change their usual characteristics such as locations of zeros, change of sign, limitation, bending
points in zeros, changes of curves, oscillating nature. That is why have called them general (generalized) sine and cosine with the basis a(x), i.e.
y1 = cos a ( x ) x , y 2 = sin a ( x ) x ............... (10)

2. Main results
In order to determine very precise locations of
zeros of the solutions y1 and y2, first we substitute
the functional sequence which define the solution
y1 with the degree sequence. Namely, we have
taken each multiple integral:
x x

2
∫ ∫a( x)d x ,
0 0

x x

x x

0 0

0 0

2
2
∫ ∫ a ( x ) d x ∫ ∫ a ( x ) d x ,...,

and applied theorem on mean value of the integral on canonic interval [0, x]:
x x
x x


J 2 = ∫ ∫ a ( x)d x 2 = ∫  ∫ a ( x)d x 2  =
0 0
00

x

= a ( x i ) ∫ x d x = a ( x1 ) ⋅
0

J4 =

x

− b( x)d x

 x
  x


y1 1 − ∫ a ( x) y2 ( x)d x  +  − ∫ a ( x) y1 ( x)d x  ⋅ y2 = 1
 0
  0


=

x x

x x

0 0

0 0

2
2
∫ ∫ a( x)d x ∫ ∫ a( x)d x =
x x

∫ ∫ a( x)a(x i )
0 0

=

x2
, 0 < x1 < x ,
2!

x2
d x2 =
2!

x x

a (x1 )
a( x) x 2 d x 2 =
2! ∫0 ∫0
x x

a (x1 )
=
⋅ a (x 2 ) ⋅ ∫ ∫ x 2 d x 2 =
2!
0 0

= a (x1 ) ⋅ a (x 2 ) ⋅

x4
, 0 < x1 , x 2 < x
4!
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J6 =

x x

x x

x x

∫ ∫ a ( x)d x ∫ ∫ a ( x)d x ∫ ∫ a ( x)d x
2

0 0

2

0 0

2

=

0 0

6

x
= a (x1 ) ⋅ a (x 2 ) ⋅ a (x 3 ) ⋅
,
6!

x x

J 2 n = ∫∫ a ( x)d x

2

0 0

n

= ∏ a (x i ) ⋅
i =1

y1 = cos a ( x ) x = 1 − g1 ⋅

4
6
x2
2 x
3 x
+ g 2 ⋅ − g 3 ⋅ + ... =
2!
4!
6!

( g ⋅ x) + ( g ⋅ x) − ( g ⋅ x) + ... =
=1−
2

x x

x x

2
∫∫ a( x)d x ...∫∫ a( x)d x =
2

0 0

6

4

1

2

3

2!

4!

6!

∞

∑
k =0

( g ⋅ x)
(−1) ⋅

k

k

k

(2k )! !

....................................... (12)

0 0

2n

x
, 0 < xi < x
(2n)!



So, for solution y1, we obtain:
x2
x4
+ a(x1 ) ⋅ a(x 2 ) −
2!
4!
6
n
x
x 2n
− a(x1 ) ⋅ a(x 2 ) ⋅ a(x 3 ) + ... + (−1) n ∏ a(x i ) ⋅
+ ...
6!
(2n)!
i =1
y1 = cos a ( x ) x = 1 − a(x1 )

or
y1 =

Therefore:

2n


 x
∑ (−1) k  ∏ a(x i )  ⋅ (2n)! ,...............(11)
∞

k =0

n

 i =1



In this way we have formed:
- the sequence of points x1 , x 2 , x 3 ..., x n ,..., which
is monotonously rising and x n tends toward x
when n ® ∞ ;
- the sequence of the coefficient a(x) values
a (x 1 ), a (x 2 ), a (x 3 )..., a (x n ),..., which monotonously
rises toward a(x) when n ® ∞ ;
- the sequence of geometric means
g 0 , g 1 , g 2 , g 3 ,..., g n ,..., which monotonously falls, if
finitely many first members are excluded;
the
sequence
of
the
integrals
J 2 , J 4 , J 6 ,..., J 2 n , J 2 n + 2 , J 2 n + 4 ,..., which is monotonously falling and tends toward 0 when n ® +∞ ,
which is obvious from the figure 1.

where all x i are in the interval (0, x ) and when
i ® + ∞ , all x i tends toward x.
Let us notice that there are geometric
means of the coefficient a(x) of the equation (1)
in the coefficients of the obtained sequence (11),
in some middle points x i within the interval (0, x )
which will be marked with:
g0 = 1,
g 1 = a (x 1 ) = a (x 1 ) ,
g 2 = a (x 1 ) ⋅ a (x 2 ) ,
g 3 = 3 a (x 1 ) ⋅ a (x 2 ) ⋅ a (x 3 ) ,

g n = n a (x 1 ) ⋅ a (x 2 ) ⋅ ... ⋅ a (x n ) ,

i.e.
g n (a (x i ) ) = n a (x 1 ) ⋅ a (x 2 ) ⋅ ... ⋅ a (x n ) = n
0 < xi < x
Volume 7 / Number 4 / 2012
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n

∏ a(x ) ,
i =1

i

If now we introduce the geometric mean g of
thee geometric means g 1 , g 2 ,..., g n ,..., i.e.
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g = g 1 ⋅ g 2 ⋅ ... ⋅ g n

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

then we can substitute each mean g i (a(x i ) ) with
g approximately with the condition 0 < x i < x , because the following is valid:

n

0 < ∏ a (x i ) < a n ( x) , i.e.
i =1

0 < g n n (a (x i ) ) < a n ( x) , i.e.
0 < g < a( x) ,

if a(x) is monotonous function, which is the
most important thing in practice. Owing to the
uninterruptible nature of the coefficient a(x) and
characteristics of the geometric mean, there follows
that there is some interior η , 0 < η < x , so that all
g i = g i (a (x i ) ) are approximately equal with g (η ) .
Thus, for solution y1, we obtain the sequence:

( g (η ) ⋅ x) + ( g (η ) ⋅ x) − ( g (η ) ⋅ x) + ..., ....
2

2!

4

6

4!

6!

....................................... (14)
which approximates function cos a ( x ) x . However, the sequence (14) is the sequence for plain
cosine, i.e. for the function cos(x g (η ) ) , where
g (η ) is some mean value off the coefficient a(x)
on the interval [0, x] . From (14) it follows that

(

cos a ( x ) x » cos x g (η )

orem is valid:

) . Therefore the following the-

Theorem 1. The solution y1 = cos a ( x ) x is approximated in the following order:
cos a ( x )

(
x » 1−

g (η ) ⋅ x
2!

) +(
2

g (η ) ⋅ x
4!

) −(
4

g (η ) ⋅ x
6!

) + ...,
6

0 <η < x ,

if a(x) is monotonously rising uninterruptible
function on the segment [0, x] .
However, the sequence (14) is a sequence for

the function cos(x g (η ) ) for some mean value a(η )
of the coefficient a(x) on [0, x] .
1754

).................. (15)

and its zeros are in the following points:
x n = (2n − 1) ⋅

p
2 a (η )

,

n=1,2,3…, 0 < η < x ...... (16)

The size of the interval [0, x] determines whether there is one, two or more zeros, or there are no
zeros at all.
For a( x) = a = const. > 0 , all means x i are equal, as
well as all geometric means g i = g i (a(x i ) ) = const. = a
. Therefore, there is a plain sequence for the func-

0 < a(x i ) < a ( x) , and

y1 = cos a ( x ) x » 1 −

(

y1 = cos a ( x ) x » cos x a (η )

tion cos(x a ). Regarding this simplest case, let us
investigate the zeros in some smaller interval [0, X ]
, in which a(x) is monotonous and limited function
with two constants:
a ≤ a( x) ≤ A

where the difference A − a ≤ p is a number which
represent the distance between two close zero functions cos x . Let us form two differential equations
with constant coefficients which suits the borders of
the coefficient a(x), i.e. of the equation
y ′′ + a ⋅ y = 0 and Y ′′ + A ⋅ Y = 0

................ (17)

whose suitable particular solutions are as follows:
y = cos( x a )

and Y = cos( x A ) ,.............. (18)

with appropriate zeros respectively.
x n (1) = (2n − 1) ⋅

p
2 a

, x n ( 2) = (2n − 1) ⋅

p
2 A

....... (19)

Let q be some point on the interval (0, x) ,
i.e 0 < q < x and let x ® q both from left and right
side. Then the uninterruptible coefficient also
a ( x) ® a (q ) .
If q is zero function of cos a x , then based on
formula (16) and theorem 1, it follows that zero q
approximately fulfills the equation:
q n = (2n − 1) ⋅

p
2 a (q n )

, n=1,2,3…............ (20)
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Figure 2.

Figure 3.

Let the points a and A be so close that they contain only one zero q n . Then from x n ( 2) < q n < x n (1)
and if a( x) ® a(q ) ← A( x) , it follows that zeros of
(16) also x n ® q n . There follows:
Theorem 2. Zero solutions y1 = cos a ( x ) x are approximately in solutions x n of the equation:
x a ( x) = (2n − 1) ⋅

p
2

, n=1,2,3… .............. (21)

If the coefficient is a(x) which fulfills the specified conditions, then the function cos a ( x ) x on the

semi-axis [0,+ ∞ ) has numerous zeros, which

means that the solution y1 = cos a ( x ) x is non-elementary oscillating function.
Geometric zeros of the solution y1 = cos a ( x ) x of
the equation (1) is determined by construing the
graphs of the functions a(x) ,

a (x)

and x a(x)

. Then, we draw horizontal lines y =

p
2

3
2

, y= p

5

, y = p , … The abscissas of crossing points of
2
these horizontal lines and graph of the frequency
function F ( x) = x a( x) approximately give the zeros of the function cos a ( x ) x , which is solution of
the equation (1).
The distance d n between consecutive zeros x n
and x n +1 depends on speed of growth of the coefficient a(x), so the following theorem is valid:

Volume 7 / Number 4 / 2012

Theorem 3. The distance between two adjacent zeros x n and x n +1 of the solution y1 = cos a ( x ) x
when n ® ∞ tends to zero is a( x) ³ x and infinitely
rises if a( x) < x . Specially for a( x) = a = const. , it is
p

dn =

a

= const.

Based on Theorem 3, the “period” T = 2d n of
the function cos a ( x ) x is changeable: it can tend
to zero, it can be constant and it can also tend to
infinity, everything depending on the coefficient
a(x) of the equation (1). As for amplitude, it is almost one.
2.1. Zero solutions y 2 = sin a ( x ) x
For the solution y2, which is also given in the
form of iteration sequences and based on the theorem for mean value of the determined integral,
there are similar marks for multiple integrals:
x x

∫ ∫ xa( x)d x

2

0 0

x

x

0

0

x

x

0

0

=∫ d x∫ xa( x)d x =

= ∫ a (x1 ) d x ∫ x d x = a (x1 )⋅

x3
,
3!

1755

technics technologies education management
x x

x x

∫ ∫a( x)d x ∫ ∫ xa( x)d x
2

0 0

2

0 0

x x

x a ( x) = np , n=0,1,2,3… ............... (24)

0 0

Geometrically, the abscissas ζ 0 , ζ 1 , ζ 2 ... of
the crossing points of the graph of the frequency

= ∫ ∫ a ( x ) a (x1 ) ⋅

5

3

x
x
⋅ d x 2 = a(x1 ) ⋅ a(x 2 ) ⋅ ,
3!
5!

x x

x x

x x

0 0

0 0

0 0

function F ( x) = x a( x) and horizontal lines y = 0,
y = p , y = 2p , …, are approximately zeros of the
solution y 2 , which is presented on the figure 4.

2
2
2
∫ ∫ a( x)d x ∫ ∫ a( x)d x ...∫ ∫ xa ( x)d x =

= a (x1 ) ⋅ a (x 2 ) ⋅ ... ⋅ a (x n ) ⋅

x 2 n +1
(2n + 1)!


If we introduce geometric means g1 , g 2 ,..., g n ,
and then also geometric mean g (ζ ) of these geometric means, we obtain:
x3
x5
x7
+ g22
− g 33
+ ... »
3!
5!
7!
x3
x5
x7
» x − g (ζ )
+ g 2 (ζ )
− g 3 (ζ )
+ ...,
3!
5!
7!
y 2 = sin a ( x ) x = x − g 11

Therefore, there is an identity:
Figure 4.

1
sin a ( x ) x =
⋅
g (ζ )

)(

) (

) (

)

3
5
7


g (ζ ) ⋅ x
g (ζ ) ⋅ x
g (ζ ) ⋅ x
⋅  g (ζ ) ⋅ x −
+
−
+ ...,
3!
5!
7!



(

...................................... (22)
where the expression in the middle bracket is
a plain sine in some middle point x g (ζ ) of the
coefficient a(x) from the segment [0, x], i.e.
sin a ( x ) x »

1
g (ζ )

(

) ............... (23)

⋅ sin x g (ζ ) .

From this place, in the same way, by applying
method of the small interval on which a(x) is positive, uninterruptible function, while y 2 = sin a ( x ) x
is the solution of the equation (1), we obtain the
following theorem:
Theorem 4. Zeros of the non-elementary oscillating function y 2 = sin a ( x ) x are approximately in
the solutions of the equations:
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Owing to the monotony of the coefficient a(x)
and function x a(x) , the zeros ζ i are strictly arranged:
0 = ζ 0 < ζ 1 < ζ 2 < ... < ζ n < ...

Also in this case the distance d n between adjacent zeros x n and x n +1 of the function y 2 = sin a ( x ) x
depends on the cause of oscillations which is a(x).
Therefore, the following is valid:
- the distance d n is reduced if a( x) > 0 and
a (x) ® + ∞ , x ® + ∞ so the oscillating solution
y 2 has small periods, asymptotically high frequencies and amplitudes which tend to zero;
- for a( x) = C 2 = const. there are harmonic oscillations and constant distance between successive
zeros;
+∞

- if a( x) ® 0 and the integral

∫

diverges, the

0

solution is also oscillating and distance between adjacent zeros increases, which makes the amplitudes
and periods grows, while the frequencies decrease.
Volume 7 / Number 4 / 2012
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Based on theorems (2) and (4), the zeros

(

x1 , x 2 , x 3 ,..., x n ,..., of

the solution y1 = cos a ( x ) x
and zeros ζ 1 , ζ 2 , ζ 3 ,..., ζ n ,..., of the solution
approximately located in the solution of the equation:

0

(

for y1: x a( x) = (2n − 1) ⋅ , n=1,2,,3…,
2

for y2: x a( x) = np , n=0,1,2,,3…,

0

In order to solve the equation y1′ = (cos a ( x ) x )′ = 0
and also to avoid solving of the integral equation,
which is not easy at all, we shall start from the
equation

and due to monotony of the coefficient a(x)

x

and frequency function F ( x) = x a( x) , these are
strictly arranged:

∫ a( x)cos

a( x)

x

x

x x

0

0 0

xd x = 0

i.e. of the equation:

0

2
∫ a( x)d x − ∫ a( x)d x ∫ ∫ a( x)d x +

0 = ζ 0 < x1 < ζ 1 < x 2 < ζ 2 < x 3 < ζ 3 < ...,

Based on the above relation, there follows:
Theorem 5. Sturm’s theorem for zeros of the
solutions of the equation (1). Between each consecutive (adjacent) zeros of one fundamental solution of the equation (1), there is only one zero of
the second fundamental solution.

x

)

y 2′ = sin a ( x ) x ′ = 1 − ∫ a ( x) sin a ( x ) xdx = 0 ......... (26)

y 2 = sin a ( x ) x are

p

x

)

y1′ = cos a ( x ) x ′ = − ∫ a ( x) cos a ( x ) xdx = 0 .......... (25)

0

x

x x

0

0 0

+ ∫ a( x)d x ∫ ∫ a( x)d x

2

x x

∫ ∫ a( x)d x

2

− ... = 0

0 0

....................................... (27)
On each integral which figurate on the left side
of the last equation, we shall apply the theorem on
the mean value of the integral on a finite interval
[0, x]. Therefore, the following is obtained:
x

∫ a( x)d x = a(ζ ) ⋅ x,
1

0
x

x x

0

0 0

0 < ζ1 < x,
x

2
∫ a( x)d x ∫ ∫ a( x)d x = ∫ a(ζ 1 ) ⋅ a( x)

= a (ζ 1 ) ⋅ a (ζ 2 ) ⋅

Figure 5.
2.2. Zeros of the derivatives of the equation (1)
x

Functions y1′ = − ∫ a ( x) y1 ( x)d x and

0

3

x
,
3!

x2
dx=
2

0 < ζ 1, ζ 2 < x


x

x x

x x

0

0 0

0 0

x x

2
2
2
∫ a( x)d x ∫ ∫ a( x)d x ∫ ∫ a( x)d x ...∫ ∫ a( x)d x =

= a (ζ 1 ) ⋅ a (ζ 2 ) ⋅ ... ⋅ a (ζ n ) ⋅

0

0 0

n +1

x
, 0 < ζ i < x, i = 1,2,..., n
(2n + 1)!

x



0

Then, we introduce the geometric means g i
values of the coefficient a(x) in points ζ i i.e.
g i (a (ζ i ) ) , as well as mean of the geometric means
g = g (g i (a (ζ 1 ) ) . Owing to the uninterruptible coefficient a(x), there is also one η , 0 < η < x , so

y2′ = 1 − ∫ a ( x) y2 ( x)d x
are uninterruptible, oscillating functions, so
they must have zeros. This means that there are
abscissas of the extremes of the functions y1 and
y2, which are solutions of the equations y1′ = 0 and
y 2′ = 0 , i.e. of the equation:
Volume 7 / Number 4 / 2012
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that there is g (η ) = a( x) . That is why all geometric
means g i can be approximately substituted with
g (η ) . Therefore, there is:
3

Then, there is approximately:

) ( g (3η!) x) + ( g (5η!) x) − ( g (7η!) x)

(

3

5

7


+ ... » 0



The sequence in the middle bracket represent
plain sine, so we obtain:

)

g (η ) ⋅ sin x g (η ) = 0 ...................... (29)

where g (η ) is some mean value of the coefficient a(x) from the interval [0, x], so by applying
the method of small interval, we finally obtain the
following equation:

(

)

a ( x) ⋅ sin x a ( x) = 0 ,

a ( x) ¹ 0 .............. (30)

whose zeros are approximately in points which
are solutions of the equations:
x a ( x) = np

, n = 0,1,2,3... .................. (31)

There follows:
Theorem 6. Zeros of the derivative of non-elementary function y1 = cos a ( x ) x are approximately
in zeros of the function y 2 = sin a ( x ) x and abscissas of the extremes of the function cos a ( x ) x are approximately in zeros of the function sin a ( x ) x .
Completely analogically for the sequence y 2′
given with the relation (26), by applying the theorem on mean value of the integral on a finite interval and by introducing both geometric means
g i (a (ζ 1 ) ) and geometric mean g of the geometric
means g i , we obtain the following equation:
1758

(

2

g (η ) x
4!

)

) −(
4

(

g (η ) x

)

6

6!

+ ... = 0,

or

)

cos x g (η ) = 0 , i.e. cos x a ( x) = 0

This leads to:
p
2

, n = 1,2,3...

............... (32)

There follows:
Theorem 7. The zeros of the derivative func-

....................................... (28)

(

2!

) +(

x a ( x) = (2n − 1)

x3
x5
x7
+ g3
− g4
+ ... » 0
3!
5!
7!
i.e.


g (η ) ⋅  g (η ) x −



g (η ) x

5

(cos a( x) )′ = g1 ⋅ x − g 2 2 x3! + g 3 3 x5! − ... = 0
g⋅x− g2

(
1−

tion y 2′ = (sin a ( x ) x )′ are approximately in points
which are solutions of the equation:
x a ( x) = (2n − 1)

p
2

, n = 1,2,3...

i.e. the abscissas of the extremes of the solution y 2 are approximately in zeros of the solution
y1 = cos a ( x ) x .

Theorems 6 and 7 lead to Sturm’s theorem on
interrelation between zeros of solutions and derivatives of fundamental solutions of the equation (1).
Theorem 9. Between each consecutive zeros
of one fundamental solution of the equation (1),
there is one zero of the derivative of the second
fundamental solution, i.e. abscissa of the extremes
of the second solution or zeros of one solution
intermingle with abscissas of the extremes of the
second solution and vice versa.
Comment 1. The coincidence of zeros and extremes will exactly be valid only for a( x) = const.
and especially for a( x) = 1
Comment 2. The solution of the equation (1)
form trigonometries:
T g 2 ( a ( x ) ) = T g 2 ( s i n a ( x ) x , c o s a ( x ) x ),
where the traditional Euclid’s geometry is special case
T g 2 (1 )= T g ( s i n x , c o s x )
3. Conclusion
In this work we have suggested a method which
is completely different from classic Sturm’s procedures. It includes application of iterations (succesVolume 7 / Number 4 / 2012
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sive approximations) for solving important differential equations of linear oscillations (1). By applying this method, we have obtained general solution
of the equation and two linearly independent particular integrals which we have called general (generalized) sine and cosine with base a(x) and which
have been defined as functional sequences from
multiple integrals (7). Then, by using the theorem
on mean value of integrals, geometric means and
method of small interval, we have approximated
the functions y1 and y2 by applying plain sine and
cosine of one rather complex function. After this,
we have easily determined exact locations of zeros
of solutions as well as zeros of the derivatives of
the solutions, which we have not encountered up
to now and which have been the main weakness of
qualitative Sturm’s theorems.
This work could have major application in studying oscillations of mechanical phenomena with
changeable parameters, amplitudes, zeros which
are knots of standing waves of these phenomena.
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Abstract
In the period of great and high speeds each organization faces with numerous challenges. Organizational culture is more and more considered
as an important factor which links all elements of
one organization into one clear whole. Occupational safety is one of the important elements of
each organization, first of all starting with care for
people’s health, as well as the costs of injuries at
work, which are very high.
In this work the elements of the empiric research of organizational culture have been shown
with the aim to consider the influences of management attitudes on organizational culture and
its influence on occupational safety. The sample
consisted of 801 examinees from 69 companies,
11 industries. We used a quantity research method,
a questionnaire. For data and information analysis we used the softer program SPSS, as well as
appropriate descriptive statistic methods, a factor
analysis, a linear regressive analysis. We determined that the effects such as workplace, number
of employees in an organization and the level of
education on the attitude towards occupational
safety are accomplished indirectly through the top
management and their way of managing.
The work also consists of the comparative
analysis and researches on the problem of the
Influence of organizational culture on safety and
health system at work in business organizations in
Slovenia and companies in Serbia.
The contribution of this work is both theoretical and practical. Theoretical contribution is based
on collecting information and gaining new knowledge referring to the relation between the top
management and safety and health at work and
managing security. The practical characteristic of
this work is that it can be useful for those ones
who create policies on safety and health at work
1760

in the country (in profession, legislation and with
employers) as well as for the top management and
their everyday work.
The structure of the research enabled us to
make a comparison with another similar research,
of other cultural environments and in the world.
It means that with its assistance we can module
additional part of mosaic, which enables us to understand the behavior of the leading managers in
the global competition, connected with managing
security and health of employees.
Key words: organizational culture, occupational safety, a manager and occupational safety
Introduction
Each historical society is based on certain cultural heritage as well as heritage originating during
the development of the society itself. In the time
of open markets and free access to the greatest part
of information, organizations more and more face
with the need to cut their costs in order to increase
their profits. The word organization itself means
conscious organizing the people with the aim to
fulfill all the aims using all available resources,
material and non- material. The aim of organizational behavior is to create certain knowledge of
management since people behave in certain way
in a specific situation and to set up necessary actions for changing such behavior and directing it
towards achieving aims of organization [1]. This
is why more and more theorists and practitioners
research the organization itself and organizational
culture [2, 3, 4, 5]. Organizational culture is not a
static category [6]. The event that drew attention
to the phenomenon of organizational culture is undoubtedly success of Japanese companies in the
world market [7]. When theorists and practitioners
tried to determine the factors enabling an intensive
growth of Japanese economy in the second half of
Volume 7 / Number 4 / 2012
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the 20th century, two groups of factors appeared
[8]. The first one refers to the uncompromising attitude in terms of products quality and the second
one presents a specific relation between the managers and employees.
It is more obvious that without adjusting the
culture of the certain group and activities, which
have to be done in an organization, there is no longterm economic stability and profitability [9]. There
are numerous definitions of organizational culture.
Organizational culture is considered as a dominant
form and common belief or values of the employees
[10]. Organizational culture is defined as a system of
assumptions, beliefs, values and norms of behavior,
developed and adopted through common experience by the members of one organization, which are
manifested through symbols and which direct their
opinion and behavior [11]. Organizational culture
consists of its members, their customs, forms of behavior and their attitude towards work and organization itself [12]. Organizational culture comprises the
sum of ideas, concepts, customs, traditions, procedures and habits for acting in special macro culture
[13]. Organizational culture is connected with all
sub unities which form an organization. Organizational culture is created gradually and often remain
in force longer period of time even if its creators are
often no longer members of the organization [14].
Every company has its own specific organizational
culture [15]. Basic characteristics of organizational
culture are that it is acquired by the flow of time, it
is divided among all members of an organization,
it is passed from one generation to another and it is
based on human ability to adjust easily to the internal environment where they work.
Strategic decisions of an organization direct its
business activity in the longer period of time. A
strategic decision demands asking two basic questions: where and how? The answer to the question where, should be given by the vision of an
organization, while the answer to the question
how is given by the strategy of work and development of an organization. Who creates a vision? A
vision is mostly given by the managers who take
the responsibility of presenting that vision and its
implementation in everyday work. Whether it is
about industry in which a certain business activity
is to be done, whether it is about setting the goals
or the strategies that have to be applied, each manVolume 7 / Number 4 / 2012

agement, who is usually the initiator of certain
changes, has to clearly consider the values which
the organization has at the moment. A good idea,
good material resources, not rarely lead to the failure of the organization due to the lack of some
other values, where human resource has to be
particularly emphasized as an important element
and resource of any organization. Organizational
culture is an increasingly important field of management today [16]. Organizational culture is the
force which is necessary to create awareness with
work force at certain time about the necessity of
the system of values and respecting certain behavior standards. Safe working environment arouses
as a consequence of a change in behavior and an
acquisition of certain rules and standards as well
as their constant application in everyday work.
When choosing foreign literature we singled
out a couple of researches. The report Wellness in
the workplace: Aligning intentions and outcomes
2006, made in Canada, shows that 90.3 % of processed organizations offer extensive programs, related to the health of the employees [17]. According to the eminent author [18]: healthy employees
present the resource (27.3 %), a wish to promote
a healthy way of life (25.6 %), and a wish to have
fewer leaves (14.3 %), and cutting costs down
(10.1 %). The research done by the Association
for Worksite Health promotion in 2000, showed
that only in 4 % of the companies the top management considers health promotion to be one of
priorities, in 35 % it is on the top of the list of priorities, in 33 % it is in the middle, in 16 % it is on
the list of priorities, and in 12 % there is no health
of employees on the list of priorities [19].
In many studies [20, 21, 22, 23] it is clear that
the higher the marks of safety culture are, the better its implementation is, and so are the results related to the safety and health guarantee. In general,
safety culture is thought to influence employees’
attitudes and behavior in relation to an organization’s ongoing health and safety performance [24].
Implementation of stronger safety cultures should
result in fewer accidents [25].
Studies on the influence of organizational culture
on the system of safety and health at work in Serbia are still being developed, which is a challenge
for further work of authors. Searching the available
literature, the authors determined that there weren’t
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more important researches dealing with these problems. What is particularly interesting, there are not
significant researches of the organizational culture
apart from certain specialist works dealing with
organizational culture of some organizations, the
influence of national culture on the organizational
culture as well as the influence of organizational
culture on quality. It is important to mention the research on organizational culture done in 2010 by
Human synergistic Serbia from Belgrade. The results of this research haven’t been available to the
general public yet. Connecting the role and importance of organizational culture with creating safety
working conditions is a very interesting topic for
many reasons [26]. The first, and maybe the most
important reason, lies in the fact that the costs of
the injuries at work are very high and that their effects reflect on business of organizations in a very
simple way. The problem is in the fact that a great
number of employers are not aware of the amount
of the costs of injuries at work. Second, not a less
important reason starts with humane aspects that
human life is the greatest treasure and this is why
it should be looked after. Many researches connect
the notion of safety culture, culture of occupational
safety, with Chernobyl disaster, when explosion in
the nuclear plant happened. Consequences of that
disaster haven’t been completely determined yet. In
1986 International Atomic Energy Agency identified bad safety culture in the plant and the whole
Russian society as a cause of the incident [27].
Several accidents after that, Piper Alpha, Ladbroke
Grove, Kings Cross, even the last accident in the
nuclear plant in Japan, partly indicate that bad safety culture has been a cause of the incident. Managers shouldn’t ignore organizational culture; on the
contrary they should have influence on its creation.
Their values influence the direction of the organization [28]. For the model Safety excellence it is important to claim that safety excellence is = CEOu,
where the abbreviations mean: C - culture, E - elements of safety, O - organization and u – you [29].
The purpose of the research
Starting with the fact that normative establishment in the field of occupational safety in the Republic of Serbia as well as in most countries of our region
is mostly completed we cannot but notice that there
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isn’t, however, a clear trend of reducing the number
and seriousness of injuries at work. Development of
technique and technology has reached a certain level
which in most cases respects safety standards. It is
obvious that a problem is manifested in the way we
conceive and understand organizational standards
within each organization of work. The system of
assumptions, values and norms which majority of
workers follow, consciously or unconsciously, do
not match with the needs of a modern organization.
If members of one organization start with the wrong
system of values, the greatest responsibility is on the
management of organization.
The aim of the research on culture safety, done
in 2010 in the Republic of Serbia, was to determine the attitude of the managers towards occupational safety. One part of that research will be
shown in this paper.
The aim of the research
The aim of the research is to determine the attitude of the top management towards occupational
safety and their willingness for promotion and
changes which will lead to creating a safer working environment. The starting hypothesis is that
the attitude of workplace, the level of education
and the number of employees towards occupational safety is achieved indirectly through the factor
which determines the way of managing.
The sample and work methods
The sample consisted of 801 examinees from
69 companies, 11 industries. The questionnaire
consisted of the following tests: attitude towards
occupational safety, vision, credibility, cooperation, feedback and acknowledgement, responsibility, communication and orientation towards the
action. The appropriate descriptive statistic methods were used for processing the results such as
a factor analysis, and a linear regression analysis.
Results and discussion
The results of the research will be shown below.
In order to achieve consistence with referent
researches, the examinees’ responses on the threestage scales are recoded so that answer is Never
Volume 7 / Number 4 / 2012
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Table 1. The number of participants according to the workplace
Is the participant of the research a manager
Executor
Manager
Not responded
Total:

The number of examinees
641
159
1
801

Total number percentage
80.0
19.9
0.1
100.0

Table 2. The average of examinees’ responses concerning the claims related to the attitude towards
occupational safety
Claim
I understand legal requirements as
Investments are
Occupational safety is
Education in occupational safety is

AS
2.54
4.12
5.03
3.87

SD
1.92
2.27
1.77
2.70

Table 3. The number of factors and factor saturation gained in the procedure of factor analysis of the
claims from the group of indicators of the attitude towards occupational safety
Attitude towards occupational safety
The number of factors fulfilling Guttmann-Keizer criteria
Characteristic value of the first factor
Claim
I understand legal requests as
Investments are
Occupational safety is
Education in occupational safety is

marked with 1, Sometimes with 4, and Always
with 7. Data for examinees’ responses, referring
to the attitude towards occupational safety, are
presented in the following table. Data related to
the values of organizational cultures examined in
the research (vision, credibility, cooperation, feedback and acknowledgement, communication and
orientation towards the action) will be shown in
comparative overviews.
Concerning the fact that the purpose of the
shown claims is to mark certain aspects of organizational culture, i.e. to mark the relation towards occupational safety, it was tested whether
they fulfill the requirements of the latent model,
i.e. whether they really are the marks of a certain
latent characteristic. If these were adequate marks,
then in the procedure of factor analysis in each
group of claims a special factor should be shown
as the most adequate. In the following tables, the
results of the factor analysis are shown. Factor
saturations of each claim in the group as well as
factors which fulfill Guttmann-Keizer criteria, as
well as their values, are shown.
Volume 7 / Number 4 / 2012

1
2.178 (54.453 %)
Factor saturation
-0.191
0.846
0.822
0.867

In the table above it can be seen that the first
point hasn’t proved to be a good indicator of the
attitude towards occupational safety, i.e. contrary
to the expectations based on its formulation, its
correlation with the extracted factor is low and
negative. Other points have high correlations
with the extracted factor, which means that remaining three points present good indicators of
the same latent factor, which could be analyzed
as attitude towards occupational safety. And
other tested values of organizational culture (vision, credibility, cooperation, feedback and acknowledgement, responsibility, communication
and orientation towards the action) showed that
they are good indicators of the same latent factor which could be analyzed as a latent attitude
towards occupational safety.
These results show that it is justified to combine the examinees’ responses concerning certain
claims so that we can get measures of prominence
of relevant aspects of organizational culture with
the examinees. That was done by calculating the
average values of examinees’ responses to the
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points which are the indicators of the relevant aspect of organizational culture.
The average examinees’ results from the sample on such obtained measures are shown in the
following table.
Table 4. The average values of the measures of
the aspects of organizational culture and attitude
towards occupational safety
Measure
Attitude towards occupational safety
Vision
Credibility
Cooperation
Feedback and acknowledgement
Responsibility
Communications
Orientation towards the action

AS
4.34
4.92
5.43
4.84
5.23
5.01
5.23
4.74

SD
1.92
1.57
1.26
1.45
1.51
1.63
1.52
1.66

After calculating descriptive statistic measures,
as well as forming composite scores of Attitude

towards occupational safety and aspects of organizational culture, the connections between the Attitude towards occupational safety and other tested
characteristics, as well as between the mutual aspects of organizational culture were tested.
Mutual connections between the aspects of organizational culture with factor analysis were first
tested.
According to the determined data it is seen that
correlations between the aspects of organizational
culture are rather high i.e. they are from 0.63 to
0.81, which may indicate that in their basis there
is one common factor. This is why we made an
explorative factor analysis by the procedure of analyzing the main components at these measures.
The results are shown in the following table.
If we compare these results with the results of
the research done in the Republic of Slovenia [30],
according to the identical questionnaire, we see that
the obtained factor structurally matches the factor

Orientation
towards the
action

Communications

Responsibility

Feedback and
acknowledgement

Cooperation

Credibility

Correlation

Vision

Table 5. Correlation between the mutual aspects of organizational culture

Vision
1.00
Credibility
0.69
1.00
Cooperation
0.77
0.72
1.00
Feedback and acknowledgement
0.72
0.77
0.80
1.00
Responsibility
0.72
0.63
0.76
0.72
1.00
Communications
0.74
0.73
0.80
0.76
0.74
1.00
Orientation towards the action
0.74
0.69
0.77
0.76
0.75
0.81
Statistically all coefficients of correlation higher than 0.07 are important at least at the level 0.05

1.00

Table 6. Characteristic values of factors and factor saturations of the aspects of organizational culture
Aspects of organizational culture
The number of factors satisfying Guttmann-Keizer criteria
Characteristic value of the first factor
Claim
Vision
Credibility
Cooperation
Feedback and acknowledgement
Responsibility
Communications
Orientation towards the action

1
5.455 (77.931 %)
Factor saturation
0.87
0.84
0.91
0.90
0.86
0.90
0.89
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with high saturations at all aspects of organizational
culture. In comparison with that research, the factor extracted in this sample explains the higher percentage of the variance of the aspects of organizational culture (near 78 %, in comparison with 58 %
obtained there), i.e. consequently, the higher saturation of all aspects of organizational culture. Taker’s
coefficient of congruence between the structure
of this factor in this research and the structure of
the same factor in the mentioned referent research
is 0.998, which definitely indicated that there are
quite equivalent factors.
In the next step the connection of the aspects of
organizational culture, as well as other examined
variables with the attitude towards occupational
safety, was tested. The correlation of the aspects
of organizational culture, the level of education,
years of service, type of workplace, years and the
sex with the attitude towards occupational safety
showed that the attitude towards occupational
safety is in the positive and middle correlation
with all aspects of organizational culture, and first
of all with the general factor the Way of managing. This may indicate that the factors responsible
for favorable attitude towards occupational safety
are the same as the ones responsible for adopting
and applying positive attitude related to managing
(higher scores on the factor of way of managing).
Concerning a great number of obtained correlations, in the next step there was an attempt
to analyze better the relations of different shown
variables and the Attitude towards occupational
safety. For this purpose there was a procedure of
hierarchic linear regression analysis, in which a
subordinate variable was the Attitude towards occupational safety (total score), and the predictors
were the first added aspects of organizational culture, then the factor the Way of managing (general

factor), then the Number of employees in the company, then the Sex and at the end Type of workplace and Level of education.
From the results shown it is seen that all predictors, involved in the model, together explain 26.1
% of variance of the Attitude towards occupational safety. On the other hand, when only the aspects of organizational culture are involved in the
model, the percentage of the explained variance is
only slightly lower – 25.2 %. However, if we analyze the assessment of the explained variance corrected for the number of predictor (adjusted R2),
we can see that it is the same and it is about 24.5
% for all tested models. This indicates that newly
involved predictors really don’t explain new substantive parts of variance of the criteria (Attitude
towards occupational safety), but the difference is
considered as a consequence of the statistic mistake. This potentially indicates that, although the
connection among characteristics such as the sex,
type of workplace, the level of education and the
number of employees in the company with the Attitude towards occupational safety is statistically
important, when analyzed isolated, it is probably
not direct, but it is possible that it is achieved indirectly over the aspects of organizational culture.
This assumption is tested with Sobel’s test of mediation, as well as with boost raping procedure,
suggested by Preacher and Heys [31].
After examining the effect of mediation in terms
of Type of workplace, the Level of education, the
Number of employees and the Sex in comparison
with the Way of managing and Attitude towards
occupational safety we see that they are in favor
of the previously stated assumption that effects of
Type of workplace, the Number of employees in
the company and the Level of education on Attitude towards occupational safety are not achieved

Table 7. Predicting values at Attitude towards occupational safety according to other variables by the
procedure of hierarchic linear regression analysis, indicators of predictive power of the model
Step
1
2
3
4
5

R
0.505
0.505
0.509
0.510
0.511

R2
0.255
0.255
0.260
0.260
0.261

Adjusted R2
0.245
0.243
0.246
0.245
0.245

Statistic importance
<0.001
<0.001
<0.001
<0.001
<0.001

Criteria - Attitude towards occupational safety
(composite score obtained from 2, 3 and 4 questions referring to this topic)
Volume 7 / Number 4 / 2012
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directly but through the factor Way of managing.
All tests of mediation in which the factor Way of
managing is placed as a mediator of the effects
of these variables on the Attitude towards occupational safety are statistically important. Neither
of the tests of reverse models, in which the factor Way of managing is placed as an independent
variable, was statistically important. Also, tests
of direct effects none of these three variables on
the Attitude towards occupational safety are statistically important (data not shown in the tables),
which indicates that their total effect on the Attitude towards occupational safety goes through the
factor Way of managing.
Conclusion
By analyzing the obtained results it is clear that
the starting hypothesis is confirmed since the statistic analysis of the obtained data showed that the
attitude of Type of workplace, the Level of education and the Number of employees towards occupational safety is achieved indirectly over the factor Way of managing. According to that, we can
say that the top management of each organization
faces with a great challenge. Adjusting individual
attitudes and values with proclaimed values, defined by management, is hard and time consuming
work. Methods and techniques of motivation of the
employees for applying the defined standards play
an important role in that process [32]. The role of
human resource in each production process is very
important and this is why managers have a great
responsibility for that resource to put it in the function of the optimal work process [33]. It would be
interesting to research the way in which we should
motivate managers to face with a fact that only
healthy and satisfied employees mean a good and
long-term positive business result. Declaratively, a
man is our greatest treasure. In practice managers
often start with economic indicators. The problem
arouses in their wrong interpretations of economic
effects expenses-investments in the sphere of occupational safety. If the management of an organization does not have a clear strategy in attitude
towards occupational safety, it cannot be expected
that the employees have a clear system of values
which they follow in everyday work in the field of
occupational safety [33].
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Abstract
The economy in a globalized world is an arena
for competing cities and regions. Striving to achieve
and secure a better position on the international
scene, responsible managements turn to entrepreneurial activities aimed at finding new forms of competitive capitalism. Creative cultural tourism is seen
as an important sphere within a thus defined context. The subjects of this paper are the social space
of the city, local products, mental space and material
space of the city, with special attention given to creative cultural tourism as a tool in the process of regional economic development of cities in Southeast
Europe. Having in mind the international and local
developmental trend, this paper presents the identified elements of Serbia’s creative cultural tourism
offer. This is illustrated in the example of forming
the cultural routes of Europe, with special attention
placed on the Project of Cultural Route of Roman
Emperors, which could be an appropriate model
of connecting cities, municipalities and regions on
the platform of common characteristics and issues.
Creative cultural tourism should be considered as a
basic strategic idea within each individual development sector of the society at various levels of hierarchy and space, which can secure a qualitatively
higher level of development both individually and
overall. Culture should be seen as a fourth aspect of
sustainability, which in addition to the economic, social and environmental aspect needs to be the base
for any urban and development plans.
Key words: creative cultural tourism, cultural
routes, Cultural Route of Roman Emperors and regional economic development
1. Introduction
The globalized and decentralized world in
which we live is simultaneously an arena for the
competing cities in the global network. Striving to
secure a better position on the international scene,
1768

responsible managements turn to entrepreneurial
activities aimed at finding new forms of competitive capitalism. Within a thus defined context,
tourism is an important sphere. In recent decades,
more and more attention has been devoted to cultural tourism and creative cultural tourism, which
is becoming an important sphere of global tourism.
Reasons for this trend can be found in an economy
based on knowledge and experience, taking into
account that tourism is a branch of the economy
with a huge potential, and in the sustainability of
investments in culture and human resources.
The current period is characterized by the development of the global market with consequences
reaching deep into culture, identity and lifestyles.
Globalization of economic operations is accompanied by waves of cultural transformation, a process
called cultural globalization. As a counterbalance
for globalization, there is localization. Theoreticians believe that the establishment of a balance
requires the creation of unity between these two
phenomena. One of the possible ways is the concept of glocalization, which “is based on the actions of a number of different local actors (cities,
regions) that are interconnected in networks, in
clusters or in pairs, often with the objective of creating bridges between north and south, or between
countries that find themselves on opposing sides
of a conflict” [1]. The aim of this kind of strategy
is both to establish “a link between the benefits of
the global dimension and local realities, while at
the same time establishing a bottom-up system for
the governance of globalization, based on greater
equality in the distribution of the planet’s resources and on an authentic social and cultural rebirth
of disadvantaged populations” [1].
Dynamic processes influencing the changes in
the familiar way of life and the functioning of institutions are a daily challenge of participating in the
competitive global market. In this “race” successful
strategies rely on technologically upgraded, interVolume 7 / Number 4 / 2012
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active, integrative and sustainable means. States,
regions and cities strive to secure sustainability of
their economy by developing branches of the economy within which they can remain competitive for
a longer period; and which are compatible with the
principles and goals of sustainable development in
all important segments, and also with the development of information–communication technologies.
These technologies influence a change in the manner of communication and doing business. There is
also the dilemma whether the unification of globalization and technologies will change the foundations of the human society to an extent that it will
be threatened. However, they are today, quite certainly, the strongest driving-forces of the economy.
Developing countries recognize the great potential in tourism, as a branch of the economy that
still has a future. The significance of tourism is also
reflected in the fact that most recreational travel
is from economically developed countries toward
those that are less developed. In addition, the framework of the usual tourist offer catering to vacations
is being expanded to offer other products and values, thus additionally increasing the expected income. Development of tourism can achieve higher
goals, such as financing measures for the technical
protection of cultural resources; integrative protection of natural resources; revitalization and reconstruction of city quarters and settlements; support
for the development of other “products” – material
and non-material; creation of new jobs; education
related to culture and natural values, etc.
This paper will present the current global context reflected in the achievement of competitive
advantages for cities, municipalities and regions. It
will focus on elucidating the role of creative cultural tourism in the process of regional economic
development. It will also analyze those elements
of the regional and city offer that contribute to its
competitiveness, and belong to the domain of creative cultural tourism. This will be presented on the
example of the Cultural Route of Roman Emperors.
2. Competitiveness, cultural tourism and
regional development
The economy in a globalized world is an arena
for competing cities and regions. Today, cities are
the driving-forces of social and cultural developVolume 7 / Number 4 / 2012

ment, and as such, they have the power to boost
themselves, regions and states to grow and develop. To achieve a better position in a system determined by a network of global cities, they must be
capable to strongly attract the best organizations,
professionals, experts and investors. Harvey [2]
describes this as “transition from managerial toward entrepreneurial activities of cities”, with the
goal to find new forms of competitive capitalism.
Under such circumstances, marketing and its instruments are an important element of development strategies serving to advertise and market
potentials of a city in the global economy.
The subject of marketing a site, as a field of urban marketing, are processes related to revitalization of cities, regions and states. A city or some
other forms of territorial organization are treated
as a “product” aimed at constantly attracting new
jobs, tourists, etc., all with the goal of developing
a certain community. Although this is a simplified
approach, one must not neglect the complexity of
the city as a phenomenon. On the other hand, if the
city is regarded as an integral product, one should
also keep in mind its hedonistic characteristics [3].
This means that, by placing the city or region in the
group of hedonistic products, it possesses a specific
emotional potential, i.e. the ability to offer satisfaction and excitement. Having in mind the characteristics of marketing as a discipline and the city as a
product, this unifies the understanding of the concept of urban marketing and site marketing which:
determines local goals and modes of their realization, unifies basic developmental factors (attracting
investors), and conforms to a specific “packaging of
space” as a product, but constantly directed toward
the “production” of a local public resource with the
goal of creating additional social development.
In view of the complexity of a city or a region
as a product and its hedonistic characteristics, its
dimensional frame can be viewed by breaking it
down to the social, information, mental, and material space [4]. Each of the mentioned components
of the city/region as a product represents individual
levels of the overall experience and perception of a
city. The social space of the city is the frame within
which experience is acquired by interactions with
other people, i.e. through social relationships. Virtual/informational city space encompasses online
representations. Mental city space encompasses
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symbolic meanings and psychological characteristics linked by visitors to a specific space. The
physical frame determines the material space, i.e.
its construction elements, both natural, and created,
cultural patterns and local products.
People form an interaction with the environment by staying in a certain place. As a result of
such a process appears the aspiration to create
city or regional attributes/characteristics that are
simultaneously the constructive elements of its attraction. In this manner, each of the separate levels of the overall experience and perception of the
city contains elements that can result in raising the
level of attraction of the place, thus strengthening
its competitiveness. The area where the social, information, mental and material space of the city
or region overlap becomes a product representing
creative cultural tourism, which is one of the leading domains of tourism as a branch of economy.
Cultural tourism is an important field of global
tourism and encompasses all travel that includes experiences and events related to culture. According
to Richards [5] cultural tourism signifies movement
of people attracted by cultural attractions outside
their usual place of residence, with the intention of
gathering new information and experiences in order
to satisfy their own cultural needs.
Creative tourism is a developed form of cultural
tourism implying participation, not only observation; demanding certain skills; contributing to the
acquisition of new knowledge and enabling closer
contacts with the local population. UNESCO defines creative tourism as travel directed toward authentic experience with active participation, discovering, learning about art, heritage, or about special
characteristics of a place. This secures a direct link
with those who live in a specific space and form
its specific culture of life. The last decades have
witnessed the adoption of a series of charters and
declarations on cultural tourism. ICOMOS adopted
the International Cultural Tourism Charter entitled
“Managing Tourism at Places of Heritage Significance” in 1999, establishing the principles of dynamic interaction between tourism and cultural
heritage. Tourism is recognized as a phenomenon
with a growing effect on politics, economy, culture,
education, ecology and esthetics [6]. In addition,
the Brussels Declaration by artists and cultural professionals and entrepreneurs, was also adopted with
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the goal to affirm the role of IFACCA as a dynamic
global network exchanging knowledge, experience
and enriching the world cultural heritage and pointing out the importance of creative cultural tourism. In 2002, UNESCO founded the Creative City
Network, with the goal to promote and exchange
positive experiences in the field of social, economic
and cultural development of cities in developed and
undeveloped countries. One of the goals of this network is the support of developed countries to developing countries and underdeveloped countries [7].
The basic task of cultural/creative tourism is
reflected as a contribution to the economic development of the society, while preserving its cultural
values. The popularity of this segment of tourism,
as a branch of the economy, has considerably
grown in the last decade. Basic causes and motives are noted in the growth of interest for culture;
increase of cultural capital; growth of the ageing
population in developed countries; “postmodern
consumption” of tourism (short vacation, cultural
diversity), and increased mobility. Simultaneously, factors that stimulate development of this type
of offer are also present. Cultural tourism stands
out as a market with constant growth, influencing
a different offer of jobs and vocations. The offer
of cultural attractions is also increased; problems
of financing culture and the growingly important
role of intangible culture, image and atmosphere
are becoming increasingly pronounced [8].
The significance of cultural tourism in the
economy of cities and regions in an era of “creative cities” is growing [9]. As mentioned earlier,
many theoreticians emphasize the importance of
cultural and creative tourism as a driving force of
economic development. Whitt [10] and Zukin [11]
believe that the development of a certain type of
tourism can be used to influence the forming of
a city’s image. A positive image leads to higher
attractiveness and interest of large investors to
invest. As a result of this development there are
higher investments in the shaping and equipping
of public spaces, as well as in the construction of
representative buildings.
Culture is included in urban regeneration as a
means of stimulating physical regeneration, animating parts of a city and producing benefits for
the economy and the society. It forms the basis for
regeneration strategies such as: (1) “culture led
Volume 7 / Number 4 / 2012
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regeneration”, where culture is a driving force of
development; (2) “cultural regeneration”, where
culture is a part of the integral strategy and (3)
“culture and regeneration”, where these are nonintegrated processes, and culture plays a supporting role [12]. Various strategies are based on different methodologies, but a similarity in the field
of realized results is recognized [13]: (1) iconic
structures – culture becomes a “system for producing symbols’’ [11], in this role stimulating the
construction of buildings – symbols of a city (museum in Bilbao, music house in Porto, etc.); (2)
construction heritage as a “mine” - in any period of decreased economic development of cities,
as a consequence of decreased building potential
construction heritage is conserved, later becoming capital that can stimulate development of the
economy; (3) mega events – many cities base
their economic progress and image upgrading on
organization of large international events (Olympic Games, World Fair, etc.) and (4) thematic approach – certain cities are making an effort to single out a unique theme from their characteristics
(Stockholm, Bruges, St. Petersburg, Amsterdam
– “Venice of the North”, etc.).
3. Regional development in Serbia
The Serbian Development Report 2009 states
that the main characteristic of regional development
of Serbia is a distinct territorial disparity. This kind
of imbalance is manifested through several levels:
undeveloped territory, developed center and insufficiently developed periphery. The same source
indicates that uneven development and regional
differences are caused by numerous economic, demographic and social factors, with a special emphasis on multi-decadal marginalization of the process
of strategic management of regional development
[14]. The consequence is the regional discord which
is manifested in a high level of unemployment, reducing the scope of the total economic activity and
a constant decline in population especially in undeveloped areas [14]. According to the researches of
the Republic Institute, the regional polarization of
Serbia is multi-layered and is evident in the interregional differences manifested in the demographic
movements in Serbia, regional educational structure of the population, interregional economic difVolume 7 / Number 4 / 2012

ferences, infrastructural gap and poverty. Regional
disproportions in the level of development in Serbia are the biggest in Europe and in time they grow
even bigger.
Having in mind the negative trend of regional
development of Serbia and strategic orientation to
join the European Union, regionalization and more
even development are set as the primary goals for
solving this situation. Its purpose lies in setting the
equalities, not literally but in the form of various
equalities, opportunities and chances. Jakopin [15]
determines five reasons for which regionalization
is necessary: (1) regionalization as the basic instrument of the state in terms of economic, social
and demographic development, (2) development
of each part of the state with geo-strategic character, (3) economic and social homogeneity, (4)
dialogue and tolerance and (5) political relaxation.
In the period from 2003, after the ratification
of the Law on Planning and Construction, series
of activities have been initiated and series of legal
acts have been adopted, which are aimed at a more
even regional development of the Republic of Serbia. Among them stands out the Spatial Development Strategy of Serbia, which is based on the fact
that the cities (urban system and urban net) are in
every way a pillar and regional catalyst of the economic development1. Zekovic [16] states that the
cause of recession in our cities is rapid decline in
industry that has led to the most powerful regional
deindustrialization in Europe.
According to the National Strategy for Sustainable Development [17] and Strategy for Tourism
Development in Serbia [18], it has been pointed
out that relative wealth in natural resources is a
powerful potential for the development of continental tourism (mineral spas, mountains, etc.).
However, the analysis of tourism development in
Serbia [18] indicates: insufficient valorization of
tourism potentials in Serbia; limitations regarding the political and social-economics context;
deficiency of diverse tourist products; low quality
of service, structure of lodging capacities, present complementary local activities integrated with
tourism; deficiency of essentially organized and
functionally completed, as well as regionally inte1 Over 90%, and somewhere even over 95% of the total
economic development happens in cities.
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grated offer of tourist destinations; insufficient following and application of international principles,
methods and models of tourism development, etc.
While defining the development clusters and
economic capacities that have a chance to succeed, tourism appears to be an inevitable complex
where is noted the unused potential of growth
[19]. However, Serbia today has only comparative
advantages2 necessary to transform this potential
into competitive advantages of tourism. The primary goal of the tourism development process in
the Republic of Serbia is creating a considerably
larger scope and higher quality of tourism, coordinated with natural and cultural potentials and resources of certain regional units, and together with
a greater participation of the local population and
strengthening the cooperation between municipalities, regions and even beyond borders, while
respecting the natural and cultural heritage as the
capacity of the environment.
As previously mentioned, cultural/creative tourism has become an important factor of economic
development. This is also confirmed by the Spatial
Plan of the Republic of Serbia 2020, which lists
the following as the basic goals of successful and
sustainable economic development: (1) raising
competitiveness of cities in the Republic of Serbia;
(2) decreasing regional inequalities and poverty;
(3) stopping negative demographic trends and (4)
identifying natural and cultural attractions of Serbia
(regional identity) [20].
The mentioned goals can be realized by implementing strategies of urban-economic development through culture and tourism. Development of the characteristics of a place can also be
prompted and nurtured by developing creative
jobs that would support products and ideas. Many
cities are in the process of establishing networks
of creative clusters/places that depend on creative
production. Their creativity has the potential to
become a spectacle for tourists, a backdrop or the
very focus for tourist activities [21]. In the mentioned processes, special attention is devoted to
the realization of “authenticity”. Authenticity is
2 Diversified structure of attractions, long history and
common recognition, preserved natural resources and
relatively good communications as well as great human
potential.
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the basis of the cultural tourism product and it is
indispensable to make a place competitive on the
global market. It is reflected in: (1) Experience of
a different way of life, (2) Experience of expression of a national identity or identity of a certain
community, (3) Customs and tradition, insight into
various cultures, cultural-historic heritage, etc.,
(4) An offer different from globally set standards
and (5) Quality of the offer/experience.
Authenticity is the basic resource of cultural
tourism, and simultaneously also something that every community has in its history and culture, and is
able to offer. Cities and regions competing on the
global market are working to expand their offer, and
are fighting to achieve quality and exclusivity. Having in mind this situation, the cultural tourism offer
of Serbia could be directed toward [22]: Organizing visits and tours of individual sites; Organizing
tours and visits to events with a seasonal character;
Tours of natural resources; Organization of narrative
evenings dedicated to local tradition; Rural tourism
with an offer of traditional and local products; Opening of ethnographic museums and galleries; etc.
Cross-linking of the regions within an area, in
close or remote surrounding, can be various. The
establishment of cross-linking is aimed at establishing relations, connections or ties between different parts of regional structures. In this regard,
«there were identified several forms of developing
regional networks: (1) communicational networks,
(2) operational business networks and (3) relation
networks” [23]. The focus of this research is on
relation networks, which establish functional relations between individual entities. In this regard,
depending on the mechanisms of their linking, the
following forms are possible: complementary3,
compatible4 and comparative5 networks.
The “route” concept is based on the beneficial
effects resulting from encounters among different
peoples and cultures [24]. In terms of knowledge
and expertise, it highlights the exchange of ideas,
3 Formed when surrounding settlements become
supplements to the city they gravitate within
4 Formed when feedback relations between the city and
its surrounding occur and the region becomes a united
organizational entity
5 Formed when all settlements become inter-competitive
or encouragingly competitive through the differences of
the quality they want to achieve
Volume 7 / Number 4 / 2012
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beliefs, performances, by integrating the fundamental aspects of cultural and natural heritage. It
also recognizes the dynamics, which, in periods of
prosperity and periods of crisis, have determined
such interaction. However, it helps to evaluate
more accurately the odds and means of achieving
genuine intercultural dialogue in today’s’ multicultural societies, without getting entangled into
the debates of the past. The project goal is the
mapping and linking of key events and individuals in the field of creative economy.
Bearing the above-mentioned in mind, projects
of cultural routes can be seen as a model (layer)
of regional development that corresponds to relation/comparative regional networks of tourist destinations. As a form of creative/cultural tourism it
can also be seen within the framework of “glocal
tourism – by promoting partnerships and common
investments between cross-border cities and their
joint access to public and private global resources
– is a powerful tool in the hands of local administrators to reach important social, economic, and
peace-related goals” [1].
4. Cultural route of roman emperors
In view of the fact that Roman archeological
sites on the territory of the Republic of Serbia
stand out as an exceptional resource for developing cultural tourism on the international level, the
Ministry of Economy and Regional Development
of the Republic of Serbia initiated the project Cultural Route of Roman Emperors (Fig. 2a). The
project will be realized in cooperation with representatives from Croatia, Bulgaria and Romania.
Memorandum of understanding on cooperation in
the project “Cultural Tourist Route - Road of the
Roman emperors” was signed between the representatives of the above-mentioned countries at
the end of February 2012 [25]. By this document,
States Parties are obliged to implement measures
and activities that will contribute to the development of the route and other tourist and cultural
products. In addition, this is one of the first joint
projects based on the guidelines established by the
EU strategy for the Danube region, with the goal
of long-term sustainable development of this area.
The Cultural Route of Roman Emperors encompasses archeological sites and museums in
Volume 7 / Number 4 / 2012

Pozarevac, Veliko Gradiste, Golubac, Majdanpek,
Kladovo, Negotin, Zajecar, Knjazevac, Svrljig
and Nis (Fig. 1a). The goal of the project is to link
these cities into an entity as had existed when the
Roman Empire spread to the banks of the Danube
[26] For the needs of the project, a master plan
was prepared with the idea to offer environments
and events that will present life as it was when the
Roman Empire spread to this region.
After examining the current practices in the
world, with respect to development and management of successful routes as heritage tourism products, as well as reviewing the global and the overall
tourism trends in Europe especially those who have
repercussions on cultural tourism, and bearing in
mind the existing structure and character of the area’s attractions through which the route passes, the
Master plan’s authors concluded that the key success factors of the Roman emperors cultural route
could be: 1) unity/diversity, 2) connection/packaging, 3) branding 4) positioning, 5) infrastructure, 6)
partnerships, 7) institutionalization of management
and marketing, 8) strategic planning, 9) interpretation and 10) sustainability [27].
It is the most important tourist route in Serbia,
which further draws its importance from the fact
that it is part of larger regional routes. As such, it is
a generator of business development and population growth in the entire area. Given the richness
of the ancient Roman heritage, carefully packaged
with other cultural products of Serbian tourism
in this area and with particularly diverse natural
attractions and picturesque scenery, this route
provides a two-fold character. It is, on one side,
a kind of portal to various tourist experiences of
Vojvodina, Belgrade and Southeastern Serbia; and
on the other, it is a powerful lever of the tourist
identity of Serbia, as being the area in which the
emperors were born, raised and from where they
had influenced different civilizations. The present
population respects and fosters the legacy of ancient civilizations as much as their own.
The Roman Emperors’ Route is defined as a
project of national importance and it is conceived
as a modern educational tourism tour, and one of
the most important tourist offers of Serbia. The
Republic of Serbia has invested over 1.5 million
in the development of tourism infrastructure in the
past two years and additional investments are be1773
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ing planned to make this route internationally recognized as a Serbian brand (Fig. 1). As the route
stretches across several regions (Fig. 1b), the key
investment projects are defined in master plans for
particular tourist areas: Stara Planina mountain,
Lower Danube Region, Belgrade, Karlovci and
area of Stig-Kucajske-Beljanica.

north, the valley of the Morava River to the west,
Homolje Mountain to the east and Cestobrodica
pass in the south. The main tourism products of
this area are naturally related to the characteristics
of the region: research and recreation, ethnic, eco
and rural tourism, mountain and ski tourism, spiritual tourism, wellness/spa tourism etc.

a)
a)

Figure 1: a) Cultural Route of Roman Emperors
and b) Cultural Route of Roman Emperors as one
of the 7 key destinations. Source: Nacionalna korporacija za turistički razvoj, 2011
The Lower Danube Area (Fig. 3a) with national park “Djerdap”, located in Eastern Serbia
near the borders with Romania and Bulgaria, is
the part of the broader region. This area has cultural and historical value that was recognized in
the strategic spatial and urban plans for Serbia.
Tourist area “Stig-Kucajske-Beljanica” (Fig.
3b) which represents a “reservoir” of future tourist attractions stretches between the Danube in the
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b)
Figure 2. Territory of a) Master plan Lower Danube Region and b) Master plan Stig-KučajskeBeljanica. Source: Republic of Serbia, Ministry of
Economy and Regional Development, 2007.
Key investment projects defined by a Master
plan are related to individual sites, which date
from Roman times: Viminacium, Traiana, Diana,
the Archaeological Museum in Kladovo, Trajan’s
Bridge, Spring Šarkamen, Romuliana Timacum
Minus and Median [27]. As it is partially shown in
Table 1, each site is planned to be equipped with
Volume 7 / Number 4 / 2012
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Table 1. Investment projects for the planned works and technical equipment [27]
Route’s
individual sites

Viminacium

Trajan’s table

Diana

2008-2011
Center for visitors and
researchers
Hippodrome
Amphitheatre
Water canal
Horticultural arrangement
Infrastructure and transport
equipment
Stone stairs
Concrete platform
Transport and accessibility
routes

Archaeological
museum in
Kladovo

Urban furnishing

Info-center
Panoramic elevator
Horticultural
arrangement
Info-center
Horticultural
arrangement

2015-2017

After 2018

Railings

Urban furnishing
Railings
Urban furnishing

Interpretational
center

Infrastructure and transport
Trajan’s Bridge equipment
Laser hologram
Spring
Sarkamen
Romuliana

Infrastructure and transport
equipment
Center for visitors

Timacum
Minus

Infrastructure and transport
equipment
Lighting

Median

2012-2014

Infrastructure and transport
equipment
Info-center

Info-center
Horticultural
arrangement

Accessibility
routes
Roman’s labyrinth
Urban furnishing
Horticultural
arrangement

Technological
park
Info-center in
Ethno park in
Ravna

Railings
Reconstruction of
the villa
Guarding
construction for the
mosaic

parking and appropriate access, adequate road
signs, the sculptures of 17 roman emperors, ancient Roman kitchen, souvenirs, hostels in ancient
Roman style, etc.
The reason for this kind of investment is seen
in the UNWTO, which estimates that in the period
up to 2020 there will be a favorable development
trend in world and European tourism at a growth
rate of 3.5%. Similarly, in Serbia, the number of
trips is also expected to increase due to developed
habits of the local population to travel and the expected growth in income.
Volume 7 / Number 4 / 2012

Urban furnishing

Interpretational
center

Urban
furnishing
Horticultural
arrangement

4.1 The impacts of the project implementation
Achieved success of these destinations and
tourist areas is observed on the basis of data relating to the entire territory of Serbia and separated tourist clusters. A review of the results for
the period from 2002 to 2011 shows an increase
in the number of tourist arrivals and overnights
in the period after the adoption of the Strategy of
Tourism Development. However, after 2008, a
decline is noted in tourist arrivals and overnight
stays, which can be attributed to the global eco1775
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nomic crisis. The period from 2010 to 2011 was
characterized by a slight increase in the number of
visits. If the displayed data are compared with the
predictions of the number of visits and overnight
stays in 2015, it can be concluded that the actual
number of visits and overnight stays were significantly smaller than it had been expected [28].
After analyzing the results from the tourist
cluster of Southeastern Serbia, it is evident that
the general trend of tourist visits and overnight
stays for the period from 2007 to 2011 is close
to the trend on the entire territory Serbia (Fig. 5).
Most visits to this tourist cluster were recorded in
2008 (412334), and the lowest in 2010 (352553).
Citizens of Serbia had the highest visit in 2008
(347376), and lowest in 2010 (274400). However,
the majority of visitors to this area in 2010 were
foreigners (78153). These findings indicate a positive trend in the visits of foreigners, more precisely
about 15%, compared to the number of foreigners
who visited this region in 2007 [29].

a)

b)
Figure 3. Southeastern Serbia: a) Tourist arrivals and b) Tourists’ overnight stays [29]
Percentage-wise, the tourist cluster of Southeastern Serbia in 2011 was visited by 17.5% of total
tourist arrivals in Serbia. According to this parameter, the results show that the highest number of
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visits to Southeastern Serbia’s tourist cluster was in
2009, compared with the number of visits recorded
on the entire territory of Serbia. Then, it was 18.4%.
Most of the group visitors are tourists with lower
purchasing power (student tours and various associations). Individual visitors are tourists who come to
the area because of: business trips, spa treatments,
visits to relatives and friends, and sports. Foreign
visitors are individual customers whose primary
motives are business trips, visiting relatives and
friends, or cruise trips along the Danube (of which
about 3,000 have visited Viminacium).
Tourists who have visited some of the tourist
destinations in Southeast Serbia’s tourist cluster generally express satisfaction with the offer and the satisfaction ratio ranges from 6.1 for
Knjaževac/Stara Planina to 7.5 for Nis [28]. As
major tourist products, they state health and nature
(40%), while the cultural content is present in the
interval of 5-12%.
Based on the presented results, it can be concluded that the positive results of investing and
raising the attractiveness of locations belonging to
the group of creative cultural tourism are gradually showing. This is particularly reflected in the
increasing number of visitors from abroad, which
coincides with the general trend of changes in Europe related to demography, health, the experience
of the journey, awareness and education, information technology and sustainability.
With this opinion also agreed the participants
of the First Tourism Forum held in Kopaonik in
2010 [30]. It was noted [30] that evident interest
in Serbia is seen in city vacations; events/festivals;
and that Belgrade, Novi Sad and Nis are seen as
incubators/hubs of tourist movement to other tourist destinations and products. In addition, interest
has been registered for the promoted cultural route
– Roman Emperors, active holidays, and the roads
of wine and gastronomy.
5. Conclusion
As driving-forces and pillars of social and cultural development, cities boost themselves, regions and
states to grow and develop. Cities, in order to achieve
a better position within the system of the network
of global cities, are turning toward entrepreneurial
activities with the goal to find new forms of comVolume 7 / Number 4 / 2012
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petitive capitalism. The concept of urban marketing
and place marketing within these processes enables
determination of local goals and manners of their realization; unifies local factors of development and
corresponds to a specific “packaging of space”, directed toward production of a local public resource
in order to create additional social development. As
a complex phenomenon and treated as a hedonistic
product, the city unifies components of its social,
cultural, mental and material space. The area where
these components overlap represents creative cultural tourism, one of the leading domains of tourism
as a branch of the economy.
Culture and innovation play an important role
in assisting regions to attract investments, creative
talents and tourists. Paradoxically, in an era of
information-communication technologies, which
remove obstacles posed by distance and time, the
“physical location” and the “socialization” factor
remain decisive for economic progress and success. Cities and regions compete to attract foreign
direct investments and creative talents. To be successful, they must provide: a varied cultural offer,
quality of life and lifestyle. Creative cultural tourism has become an important factor for increasing
local and regional attractiveness.
The positioning of cultural tourism as a basic
strategic idea within each individual development
sector of the society at various levels of hierarchy
and space can secure a qualitatively higher level
of development, both individually and overall.
Culture, as a code of behavior, thinking and space,
which is inherited and constantly enriched, today
certainly offers a competitive advantage. It influences the quality of life in an environment, and
can help in finding answers to modern day challenges. Culture can be regarded as the fourth pillar
of sustainability and, in addition to the economic,
social and environmental aspect, should form the
basis of any urban plan [9].
A case study of the Cultural Route of Roman
Emperors appears as a positive example/layer of
a possible application of cross-linear regional development. It enables the implementation of a uniform strategy/project with the potential to achieve
effects on several territorial levels: trans-regional
(more countries involved in the project), national,
regional, municipal and local level. In addition, it is
possible to implement it in stages, which means that
Volume 7 / Number 4 / 2012

funds can be invested gradually. This is very important, especially if we take into account the current
economic situation, both internationally as well in
Serbia. Also, the mentioned project has the goal to
map sites and link key events and individuals from
the domain of creative economy [31]. Corridors are
a specific instrument for preserving and upgrading
cultural and natural heritage and raising the quality of life on a specific territory. According to this,
routes are seen as a specific instrument for preserving and upgrading cultural and natural heritage and
raising the quality of life on a specific territory.
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Abstract
The burnout syndrome or overworking at work
is a social and professional problem which has got
a long-term impact to operation results and it may
lead any organisation into crisis. The objective is
to motivate the society and inform organisation
management on the consequences of the burnout
syndrome and impact prevention development.
Analysing this phenomenon, managers are among
the most affected groups. The paper presents the
factors of the occurrence of such syndrome, development stages, specifics of the burnout syndrome.
The research was implemented on a group of managers and the research results relating to the occurrence of the burnout syndrome with the managers
as well as the relation of the burnout syndrome
with the strategies of overcoming stress used by
managers were discussed. Practical and social
purpose of the research results in the recommendations to decrease the burnout syndrome.
Key words: burnout syndrome, managers,
modern business, prevention
1. Introduction
Within the modern business conditions, powerful stressful factors include lack of time, poor
interpersonal relations at organisations, exposure
to changes, longer business hours, insecurity for
position, without the possibility of sufficient week
and annual vacation [1]. Burnout has been linked
to several negative organizational outcomes, including increased stress and absenteeism [2].
The burnout syndrome at work is the condition
of psychophysical exhaustion caused by excessive
and prolonged stress [3]. It is the progressive loss
of energy and meaningfulness of own work. In
contrast to tiredness, it includes the change of attitudes to work and behaviour to colleagues.
Special attention needs to be paid to the stages of
the burnout syndrome [4].The first stage includes
operational enthusiasm – there is mighty energy,
Volume 7 / Number 4 / 2012

high hopes, and unrealistic expectations. In the
second stage or in the stagnation stage, communication difficulties occur both with associates and
friends, persons are emotionally vulnerable and
distrustful. The third or frustration stage includes
emotional withdrawal and isolation – person begins to review how efficient he/she is in performing job and what is the sense of the job performed.
The fourth stage or apathy stage – complete loss
of faith in oneself and own competency, a person becomes completely disinterested in his/her
job[5]. The individuals who are in the fourth stage
either decide to change their profession or remain
at work, but with complete lack of motivation.
Stress sources should not only be sought only at
organisation and its environment, but also in personality [6], because people with high potential,
aiming at perfection, have got unrealistically high
expectations, as well as inadequate assessment regarding them and their capabilities are prone to the
burnout the most.
2. Strategies of Overcoming Professional
Stress
Since stress is a personal experience, everyone
chooses the methods of its overcoming which are
the closest to him. Overcoming strategies may be
classified in three groups [7]: (a) assessment oriented overcoming includes: logical analysis and mental preparation which includes problem expounding
and solving in stages, cognitive redefinition, cognitive avoiding or denial – an event is denied or less
significance is attached to it than this is so in reality;
(b) problem oriented overcoming includes: searching for the information on the event which has resulted in stress, taking problem solving oriented actions, recognition of alternative solutions – means
the change of activities and finding satisfaction in
something else, and (c) emotion oriented overcoming includes: affective regulation, emotional outbursts – use of crying, screaming, it also includes
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excessive smoking, taking medicines, reconciling
with situation[8].
The nature of the job of the majority of middle
managers includes responsibility for creating psychological climate of organisation, including the
fostering of mutual relations and support. Managers are trained to impact their own professional and
personal development acquiring the knowledge
and skills making them competent in recognising
dysfunctional conditions in environment. Crucial
thing for the development of both individuals and
organisation is the creation of realistic objectives
and set up of balance between the expectations regarding career and reality we face on a daily basis.
3. Research methodology
The research subject is to test the occurrence
of the burnout syndrome with managers (Republic
of Serbia). The sample tested included the group
of the middle managers from public companies.
The sample included 84 persons. The group of the
respondents included the persons of heterogeneous
structure. The research was implemented during
April 2010. After obtained instruction for work and
the emphasis of the anonymity of collected data and
the purpose of the research, the respondents filled
in the questionnaire for about fifteen minutes. They
were cooperative and interested in the testing.
Three questionnaires were used for the purposes of testing the burnout syndrome and factors.
The respondents were given general questionnaire
based on which social and demographic information was obtained. The questionnaire for measuring the intensity of the burnout syndrome was used.
The respondents gave answers to twenty four items
using five-degree scale of Likert type, as well as
to the questionnaire for measuring the strategy of
overcoming work stress which was standardised
from the working material of Unicef (Belgrade).
The questionnaire has got three units and it relates
to problem oriented overcoming, emotion oriented
overcoming, and assessment oriented overcoming.
Every unit of the questionnaire has got ten items,
which were answered to using the five-degree scale
of Likert type.
Defined research objective reviews whether
the occurrence of the burnout syndrome with managers is related to the stress overcoming strategies
1780

and in which manner. In line with the research objectives the tasks were defined: 1. review individual differences in terms of the manifestation of the
burnout syndrome 2. review the relation between
the intensity of the burnout syndrome and the
method of using the strategy of stress overcoming
within behaviour repertoire.
At the same time, the following hypotheses
were the starting point: (1) there is statistically
significant relation between the burnout syndrome
and gender, age, marital status, (2) there is statistically significant relation between the burnout
syndrome and stress overcoming strategy. Therefore, the research variables relate to the burnout
syndrome manifested by the respondents, which
is operationally defined as summary score on the
burnout scale, stress overcoming strategies, and
social and demographic variables.
4. Results
Differences in the expression of the burnout syndrome (between genders, among the respondents
married/single) were tested using Man-Whitney’s
test, non-parametric equivalent of t-test. With the
aim of testing the relation between the burnout syndrome, on the one hand, and overcoming strategies,
employment duration, and age, Kendall’s tau b correlation coefficients were calculated, appropriate to
the ordinal measurement level.
4.1. Burnout Syndrome Intensity Assessment
4.2. Differences between genders in the
burnout syndrome intensity
4.3. Differences in the burnout syndrome
intensity between married/single respondents
4.4. Relation among the burnout syndrome,
overcoming strategies, employment duration, and age
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Table 1. Arithmetic means of men and women on the Burnout questionnaire (summary score)
Gender

N

AS

SD

M
W
M
W

44
40
44
40

68.0714
64.2000
.1122717
-.1571804

14.55739
14.55106
1.01319716
1.01275661

Burnout
Score burnout:

Std. error
AS
3.89063
4.60145
.27078833
.32026176

Table 2. Arithmetic means of married/single respondents on the Burnout questionnaire (summary score)
Marital
status
Married
Single
Married
Single

Burnout
Score burnout:

N

AS

SD

Std. error AS

42
42
42
42

69.8333
63.0833
.2349007
-.2349007

12.26105
16.01396
.85337146
1.11457489

3.53946
4.62283
.24634712
.32175006

Table 3. Man-Whitney’s test
Gender
Burnout
M
W
Total

N
44
40
84

Average rank
43.25
41.45

Rank sum
185.50
114.50

(NV –gender, ZV – score on the burnout syndrome scale)

Table 4. Test results
Mann-Whitney U
Wilcoxon W
Z
Asimp. p (two-way)
Exact p. [2*(one-way p)]

Burnout
59.500
114.500
-.615
.538
.546(a)

Table 5. Man-Whitney’s test
Burnout

Marital status
Married
Single
Total

N
42
42
84

Average rank
44.00
41.00

Rank sum
168.00
132.00

(NV – marital status, ZV – score on the burnout syndrome scale)

Table 6. Test results
Mann-Whitney U
Wilcoxon W
Z
Asimp. p (two-way)
Exact p. [2*(one-way p)]
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Burnout
54.000
132.000
-1.040
.298
.319(a)
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Table 7. Correlations
BURNOUT

Kendal’s
tau b

Kendal’s
tau b
BURNOUT
P
N
Kendall’s
PROBLEM
tau b
problem oriented
overcoming
P
strategy
N
EMOTIONS Kendall’s
tau b
emotion oriented
overcoming
P
strategy
N
ASSESSMENT Kendall’s
assessment
tau b
oriented
P
overcoming
N
strategy
Kendall’s
tau b
AGE
P
N
Kendall’s
EMPLOYMENT tau b
DURATION
P
N

PROBLEM
problem
oriented
overcoming
strategy

EMOTIONS ASSESSMENT
emotion
assessment
oriented
oriented
AGE
overcoming
overcoming
strategy
strategy

1
24
-0.195
0.2
24
-0.213

.423(**)

0.155
24

0.006
24

0.311

-0.027

-0.224

0.038

0.86

0.14

24

24

24

0.202

-_322(*)

0.049

0.091

0.178
24

0.037
24

0.745
24

0.548
24

0.115

-0.269

0.019

0.053

0.44
24

0.078
24

0.901
24

0.726
24

.821
(**)
0
24

** p< .01, *p< .05

5. Discussion
The performed research was focused to the
burnout syndrome testing in work conditions, because, in the contemporary operation conditions,
there is a challenge to set up balance between the
expectations regarding job and reality faced on
a daily basis [9]. The research results were substantiated with significant researches relating to
the role of organisational changes regarding the
occurrence of the company burnout syndrome observed from the aspect of emotional, bodily, and
mental where the emotional aspect was shown
as a primary one in the situation analysis during
time [10]; the researches indicating the relation of
the burnout syndrome with stress [11]; Sandberg
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presents the burnout syndrome as the combination
of physical exhaustion, emotional suffering, and
cognitive lassitude[12].
Based on the research results, it may be stated
that all sub-samples on the burnout questionnaire
have got the average score values (Table 1, Table 2).
Based on the obtained results, it was noted that
the assumption relating to the first hypothesis and
the existence of statistically significant difference
between the burnout syndrome and gender (Table
3, Table 4), marital status (Table 5, Table 6) was not
confirmed. There is an assumption that the measuring subject i.e. burnout was also impacted by other
factors (personality factors, experience) which were
minimised by the above results. The result indicatVolume 7 / Number 4 / 2012
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ing the lack of existence of the differences between
the genders (Table 4) differs from the previous researches which are in favour of higher burnout with
women. However, women’s emancipation resulted
in various opportunities for women in terms of the
allocation of obligations and roles which are increasingly less judged by the environment and thus
open for various alternatives relating to the balance
of the obligations imposed to woman throughout
history and the need for personal and professional
growth and development.
Reason for the lack of the differences between
married and single respondents within the burnout
syndrome (Table 6) is probably reflected in stable
family circumstances or neglect of partners, because of which, the married show equal tolerance
to any non-favourable impacts of work environment as those who are single.
The second hypothesis assuming the existence
of statistically significant relation between the
burnout syndrome and stress overcoming strategy
is confirmed (Table 7).
The obtained results indicate that the burnout
syndrome is significantly positively related to the
assessment oriented overcoming strategy, which
suggests that the more intensive the burnout is, the
assessment oriented strategy is used which is in
line with the previous research findings.
The obtained results also indicate that the emotion oriented overcoming strategy has got significant correlation with the problem oriented strategy, which shows that those two types of stress
overcoming overlap to a high extent. Using the
problem oriented overcoming strategy to eliminate stress, additional information is sought on
the event that has caused stress and for taking the
action focused to problem solving. The emotion
oriented overcoming strategy means affective
regulation with the persons who have gained control over emotions, emotional outbursts, as well
as resigned acceptance i.e. reconciliation with the
situation as it is. In that way, making additional
efforts to endeavour to be released of stress, the respondents are also emotionally engaged searching
for various options, which results in the burnout.
The results indicate that younger respondents
are more significantly prone to apply the problem
oriented strategy, which indicates that they seriously endeavour to solve problems, that they face
Volume 7 / Number 4 / 2012

obstacles, look for information and find solutions.
Ambition and willingness that they may make a
difference in work environment are probably drivers to more analytical approach.
Based on the interpreted results, the recommendations for the prevention of the burnout syndrome include that an individual: reviews his life
style, is introspective, decreases need for proving
himself, allocates time for rest, develops conflict
solving skill, carefully chooses the staff for team
work, minimises administrative responsibilities.
At the same time, it is necessary to normalise the
problems in order for individuals to better understand what happens to them, eliminate the prejudices and irrational assumptions, and structure the
time at work in a better manner.
6. Conclusion
Based on the research results, the existence of
the burnout syndrome may be stated with middle
managers. Comparison by social and demographic characteristics was made through exploration,
where no statistically significant difference was
observed. The expectation that there would be
connection between the burnout syndrome and
stress overcoming strategy was confirmed.
The burnout syndrome has got statistically significant correlation with the assessment oriented
overcoming strategy, while the emotion oriented
strategy has got significant correlation with the
problem oriented overcoming strategy. The research results indicate that younger respondents
are significantly more prone to apply the problem
oriented overcoming strategy.
In western industrial countries, special attention began to be paid to the burnout syndrome
in the past twenty years, because the increase in
the burnout syndrome at work which intensifies
social pressure to the employees in the coming
years, especially in the process of public company
transition and restructuring, is observed[13]. The
objective is that the society itself becomes more
mature to make more effort in creating such psychological climate where care about people at any
business organisation will be an integral part of
operation process including legal provisions on
health at work terms of preventive programmes
for employees.
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This research indicates the significance of the
burnout syndrome study in operating processes
indicating the preservation of own mental health
to achieve better operational performances of organisation where employees perform.
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Abstract
The paper considers business communication
process, and specially the barriers in communications. Here are presented some models of development of leadership skills. Special attention is paid
to David Kolb’s polar dimensions of learning, and
to the U.S. Army postulated eleven principles that
can help officers to become leaders, be leaders,
know and work. Barriers in communication are
analyzed through a processing and an analysis of
24 question poll results. In the paper, based on the
statistically verified hypotheses, it is concluded
that the obtained results confirm that individual
characteristics of business people and their organizational status impact the quality and effectiveness of communications they establish.
Key words: leadership, communication process, Kolb’s model, Scheffé’s method.
Introduction
Constant polemic discussions between theorists “leaders are born” and “leaders are made”,
or the question: “Can leadership be learned?”
seem not to exist any more. There is a generally
accepted standpoint in contemporary practice that
the effective leadership is one of the keys of corporative success; therefore, there is an increasing
need for leadership abilities and skills. There is an
entire business nowadays in developed countries
called “development of leadership” based on the
understanding that leadership skills, their motivation and abilities can be developed and improved.
The official statistical data from the end of the
th
20 century and the beginning of the 21st century
show that the rate of failure among top managers
in corporations of world’s leading economy is almost 50 per cent and that failure is attributed to a
lack of leadership skills not to operative or techVolume 7 / Number 4 / 2012

nical skills of an individual. The strategic studies
that exist for about 25 years have shown that the
biggest cause of stress at workplace is incompetent
managing. These and other relevant data indicate
the conclusion that the effective leadership is the
primary factor of organizational success, because
of which nowadays more and more attention is
paid to leadership and leadership skills. Earlier
practice according to which only the most ambitious and promising managers were taking the
leadership training courses twice or three times
during their career, now has changed and this type
of training is being organized presently a lot more
often and for the managers of all levels in a hierarchical structure.
According to its phenomenological status and
neurophysiologic origin skills are at a turn of abilities and experiences, partly inherited, and partly
learned. Because of that, it is difficult to systemize
according to forms, because they are treated at the
same time as knowledge and as disposition.
In available literature it is almost impossible to
find examples of classification of person’s skills.
This is the consequence of extreme complexity
and uncertainty of this phenomenon. After all,
some classifications are possible. If we apply the
established model that exists for skills typology
then we could put all the skills into four groups:
– Intellectual skills
– Sensory skills
– Motor skills and
– Sensor-motor skills
To consider individual causes of organizational
behavior the most important are intellectual skills
although that kind of skills is very rarely seen in
literature. Those could be cognitive skills related
to a human intellect and the power of thinking and
judging, but those skills are almost always seen as
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abilities. [1] Within the context of organizational
behavior, intellectual skills often can be divided
into managers, leadership, negotiation, communication, sales, social skills, etc.
Many experts believe that communication is
a key process that underlies all aspects of organizational operations. [2], [3] [4] [5]. Well-known
management theorist Chester Barnard, wrote: “The
structure, extent and scope of the organization almost entirely is determined by its communication
techniques” [6] Perhaps the best way to define communications is to consider the remark by Buchanan and Huczyntski, the organizational specialists:
“Our communication depends, to a large extent, on
how we perceive those around us, their motives and
their intentions, and how we perceive or interpret
the communication we receive from them.” [7]
– Contemporary trends in development of
leadership skills have two main directions:
– Multiplication of methods of developing
leadership skills and
– Emphasis on the importance of emotional
leadership characteristics.
Observing the principles of the development of
leadership skills, there are numerous models and
methods of their improvement. One of the most
accepted models of development of those skills
is the model proposed by David Witten and Kim
Cameron. According to them, development of
leadership skills is a process that is cyclically carried out in five phases, namely:
– Evaluation of knowledge and skills,
– Collection of knowledge about effective
practices for improving knowledge and skills,
– Case studies,
– Practicing the newly acquired knowledge
and skills to cases, and
– Application of learned knowledge and skills
in personal work environment.
Models of development of leadership skills
Development of leadership skills are related
to each activity that enhances leadership potential
and the effects and effectiveness of the organization. Development of leadership skills expands to
the development of leadership abilities, knowledge and attitudes of individuals.
1786

The starting point of development is that people differ in general and specific skills, skills that
can grow and expand, and those that are related to
the effective performance of leadership functions.
Different personality characteristics may enhance
or diminish the effectiveness of leadership, and
require appropriate programs for developing leadership skills, with the assumption that everyone is
able to develop leadership effectiveness, with an
appropriate concentration, practice and motivation.
Development of leadership skills and their
practical application depends on the following
variables:
– Individual characteristics of participants;
– The quality and nature of leadership
development programs;
– Support of behavioral changes that the
supervisor gives to a certain (potential)
leader.
Development of leadership skills associated with
the overall development of leadership potential including the motivation for progress, high developed
desire for achievement, openness to new experiences and skills, however, self-control and other qualities. Basic features of development programs are the
integration of a range of development experiences,
assessment of key development needs and evaluation of achieved goals. According to David Kolb
key concepts in leadership development are:
– Learning from the experience that can be
implemented through: concrete experience,
observation and reflective practice, the
formation of abstract concepts, test new
situations (Figure 1);
– Self-efficacy: confidence in their own
individual possibilities to achieve desired
goals;
– Creating a vision: developing and defining a
clear picture of future situation or effect of
which is tending to.
Planning succession in a strategic sense requires vision designing of the organization, with
the following three dimensions that are critical to
establish an effective program of succession:
– The necessary skills and knowledge;
– Perception of the role and level of leadership,
– Self-efficacy.
Volume 7 / Number 4 / 2012
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Figure 1. Kolb’s polar dimensions of Learning (left – Killian [8]) (right – Anon. [9])
For the purpose of developing leadership skills
of the command staff, the U.S. Army postulated
eleven principles that can help officers to become
leaders and be leaders, know and work. [10] Within these principles some of them are important for
this analysis:
– Be competent.
– Search liability and accept responsibility for
your decisions.
– Give an example.
– Meet your people and take care of their
welfare;
– Share the information with your people.
– Make sure that tasks are understood,
supervised and carried out.
For the application of each of these principles
it is necessary to establish good communication
with subordinates, which implies good communication skills of leaders.

This model, developed for the U.S. Navy officer corps, had numerous attempts at civilian
applications needs business world. The model of
development of leadership potential of US Navy
is particularly popular in large international corporations. The principle of “be, know, do” was used
in McKinsey & Company. In this world famous
group the effectiveness of this model developing
leadership potential was being questioned in their
own terms of HR management. [11]
Understanding leadership in their own organization can be beneficial for the development
of leadership competencies and communication
with the people. The goal of this effort is to look
at the way the working environment stimulates
the expression of leadership and how and why it
discourages the development of the same. This
primarily reflects the explicit rewards, recognition
and promotion, but in many subtle ways - through
training programs, social patterns, values, communication systems and so on.

Table 1. The principles of leadership based on the model “Be-Know-Do”
professional
Loyal to the organization, selflessly serves it, responsible,
a professional with the correct character honest, integrative, bold, clear, creative
the four factors of leadership
The follower, leader, communication, the situation
strengths and weaknesses of character, level of knowledge and
yourself
skills
KNOW human nature
needs, emotions and ways of stress dealing situations
your work
coordination, supervision, evaluation
morale and team development of the spirit in the organization,
your organization
training, mentoring, counseling
focus
goal setting, troubleshooting, decision making
DO
implement
motivate
BE

Volume 7 / Number 4 / 2012
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Communication process
There are a variety of definitions of the term
communication, and one of them is that communication is a process by which information is exchanged between individuals through a common
system of symbols, signs, or behavior. [12] Communication is also “any act by which one person
gives to or receives from another person information about that person’s needs, desires, perceptions, knowledge, or affective states. Communication may be intentional or unintentional, may
involve conventional or unconventional signals,
may take linguistic or nonlinguistic forms, and
may occur through spoken or other modes.” [13]
The communication process begins when one
party (individual, group or entire organization)
has an idea which it wants to transfer to another.
Sender’s task is to transform an idea into such a
form that can be sent to the recipient and that the
recipient will understand. [1] This is called the
encoding process - translating ideas into a form,
such as written or spoken language, which the
recipient can recognize (beside speech, coding
covers letters and gestures, intonation, body language, facial expressions and any other resources
that can be used to express something). A person
encodes information when choosing words to talk
with someone personally, or to write a letter. The
encoding may be affected by:
– the situation in which a person is (whether
he is angry, hungry);
– person’s previous relationship with someone
with whom he communicates (hostile,
friendly); as well as
– person’s understanding of what is the
best way to send a message (conciliatory,
authoritative).
Having been encoded, the message is ready to
be transmitted using a medium (word, image, activity such as gestures, mimic, intonation), over
one or several communication channels, to reach
the desired receiver, and using pathways through
which information travels. Telephone lines, radio
and television signals, fiber-optic cables, and even
the airwaves that carry vibrations of our voices are
potential communication channels. However, the
manner of sending a communication depends on
1788

the encoding method. Visual information – such as
images and written words – may be sent via regular
mail, currier delivery, sent by a rapid delivery service, or using a growingly popular method such as
a modem and PC, fax or satellite. Oral information
can be transmitted over telephone lines, radio and
television waves, and of course, in an old-fashioned
manner, in person. Whichever channel used, the
goal is always the same: to send the encoded message accurately to the desired receiver.
Once a message is received, the process of decoding begins - converting the message back to
the sender’s original form. This can involve many
different sub-processes, such as comprehending
spoken or written words, interpreting facial expressions and similar. To the extent that the receiver has accurately decoded a sender’s message, the
ideas understood will be those the sender intended
to transmit. Message reception and decoding is
much more complex than hearing a message. To
hear something, one simply needs to receive the
auditory stimuli, while listening implies message
perception and interpretation. To be more than just
hearing, listening must be empathic. Empathy is
the action of understanding, being aware of, being
sensitive to, and vicariously experiencing the feelings, thoughts, and experience of another of either
the past or present without having the feelings,
thoughts, and experience fully communicated in
an objectively explicit manner. [12] Empathy is
also the ability to understand the idea or concept
from the speaker’s point of view, or to put it more
simply, by listening to someone, we not only try to
understand the speaker’s words but their feelings
as well. Unfortunately, many people only hear and
not listen.
Once a message has been finally decoded, the
process of communication can continue if the receiver sends a new message to the sender. This
phase of the process is called Feedback – knowledge of the impact of messages on receivers. Receiving feedback allows the sender to determine
whether their messages have been correctly understood. Concurrently, the feedback may convince the receiver that their opinion matters to
the sender. Once received, feedback can trigger
another idea from the sender, and thus initiate another cycle of information transmission. Feedback
is crucial for the regular communication flow.
Volume 7 / Number 4 / 2012
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The factors that distort the clarity of messages
are called a Noise. The noise may occur in any
phase of communication process. For example,
poorly encoded messages (unclearly written) or
poorly decoded (incomprehensible), or the presence of static along the communication channels
(receiver’s attention is diverted from the main message), may result in less effective communication.
Communication Barriers
Barriers - Potential obstacles to effective
communication arise on several levels, from individual to organizational. [14] The factors affecting the smooth flow of messages are numerous, and they are:
1. words,
2. people,
3. organizational structure.
Words are symbols used by a person to express
their ides. However, a person’s choice of words,
manner in which these are used and meaning attributed to them can cause numerous problems.
Essentially it is a semantic issue arising out of the
meaning of the words used. The one and the same
word can mean different things to different people.
For example, the word “effectiveness” can mean
something good and noble to a manager, while the
word “effectiveness” may mean a loss of numerous members, or more work for the same salary to
the Union leader.
Although people may be the greatest value of
an organization, at the same time they represent a
great risk to effective communication. Age, character, race, sex, education, origin and many other
differences influence the things someone says or
hears. [15] Apart from these individual differences that make message transmission more difficult,
there is one other barrier called Filtering (person
hears what they want to hear). Filtering is a result
of person’s individual needs and interests directing their listening. [16] Insecure employees, more
than the secure ones, misrepresent their messages
directed to their senior management. Employees
striving to achieve success misrepresent their upward messages more often than the employees
already deeming themselves as successful. Therefore, the apprehension and anxiety of subordinates
Volume 7 / Number 4 / 2012

affect the accuracy of the upward communication. Additionally, people striving for success and
climbing the ladder of hierarchy distort their messages in order to tell bosses what they want to hear.
The last category of barriers to effective communication arises out of the very organizational
structure. Sometimes it happens that the organizational structure itself and relations among the
people are not clearly defined. In these situations
it is unclear who is superior and who subordinate,
or who is in charge of specific activities, or these
situations lack the actual explanations on the stipulated communication channels, or they result in
misunderstanding of the goals, or in lack of information about the people it is necessary to cooperate with in the event of specific problems. Other
issues may arise, and all of them are consequence
of a vague organizational structure.
To sum up, the communication may be improved by better choice of symbols, emphatic listening, repeating, ensuring a feedback, and a clearly
defined organizational structure. Many authors list
their ten tips on efficient communication [17] [18]
[19], but it should be ensured that all participants in
communication take care of the following:
1. People trust the name;
2. Become a master in praising other people;
3. Man learns to speak by speaking;
4. No need to be afraid of the jitters;
5. Body posture leaves the first impression,
and eyes, voice and competence the second;
6. Everything is maintained on respect;
7. The number of words is not the decisive
factor, but saying them effectively;
8. The secret of success lies in the secret of
inner peace;
9. Practice every day;
10. Practice until you master it.
The most important thing is to bear in mind that
communication is a skill that is learned during the
entire life and no one can say they have mastered
all its elements.
Research Hypotheses
The research has been carried out based on the
general and individual hypotheses.
General hypothesis:
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Individual characteristics of business people
and their status within the organization impact the
quality and effectiveness of communication they
establish.
Individual hypotheses:
1. Age of respondents does not have a great
impact on the manner of communication of
business people
2. Education level influences a tendency to
plan messages to be sent to your collocutor.
3. Respondents having different level of
education are significantly different among
themselves in terms of their tendency to use
a language comprehensible to their listeners.
4. Employees having the education level
inadequate for their position pay more
attention to non-verbal signals and symbols.
5. Type of work impacts communication
planning.
Processing of Poll Results and Analysis of
Results Obtained
Descriptive Statistics mean the statistical
methods used for the collection, classification and
analysis of statistical data. It is aimed at describing
the observed phenomenon or process in measurement domain.
Analysis of the results obtained by the poll will
be presented using the variance analysis. Variance
is the arithmetic mean of the square of X values
deviation from their arithmetic mean.
S2 =

1 N
∑ ( X i − x) 2
N i=1

Positive value of the variance root represents
the Standard Deviation ( S = + S 2 ) .
This statistical technique is used for the analysis
of statistical significance of differences between
respondents of different age. In statistics, a result
is called statistically significant if it is unlikely to
have occurred by chance. The significance level is
usually denoted by the symbol α (alpha).
In here presented research statistical significance is expressed in units of “σ” (sigma), the
standard deviation of a normal distribution. A statistical significance of “nσ” can be converted into
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a value of α via use of the function Φ which is the
cumulative distribution function of the standard
normal distribution α=1-Φ(n). The term significance level is used to refer to a pre-chosen probability and the term “p-value” is used to indicate a
probability that one calculates after a given study.
Popular levels of significance are 10% (0.1), 5%
(0.05), 1% (0.01), 0.5% (0.005), and 0.1% (0.001).
The p-value, calculated probability, is defined
as the estimated probability of rejecting the null
hypothesis of the study question when that hypothesis is true. If test of significance gives a pvalue lower than the α-level, the null hypothesis is
thus rejected. Such results are informally referred
to as “statistically significant”. [20]
The cumulative distribution function of a random
variable X can be defined in terms of its probability
density function ƒ as F ( x) = P( X ≤ x) = ∑ P( x)
X ≤x

A random variable X has density f.
The poll consisted of 24 questions, shown in
Table 2, the respondents were asked. This Table
also shows a part of results obtained by the analysis of statistical significance for the following four
groups, namely:
1. The statistical significance of difference
between respondents of different age;
2. The statistical significance of difference
between respondents of different level of
qualification;
3. The statistical significance of differences
with respect to whether the job suits the
qualifications; and
4. The statistical significance of differences
with respect to workplace.
The results processed showed that the age of
respondents does not seriously affect the communication of business people.
Based on the results obtained (Table 2 and 3), it
can be noticed that a statistically significant difference between the respondents aged up to 30 and
over 50 years and aged up to 50 and over 50 exists in terms of their reactions in situations where
the points of view of the other speaker differ from
their own. People over the age of 50 tend to avoid
getting angry or upset when other people have
points of view different than theirs. Additionally,
a statistically significant difference exists at level
Volume 7 / Number 4 / 2012

Communication is an integral part of my job
I use different forms of communication
I plan my messages
Spontaneous communication is better than the official one
I find it hard to express my feelings
I react on the first ball
Priority of communication lies in the choice of group
It is all right to interrupt my collocutor if I have something to add
Sad news should be delivered immediately
Language which a listener comprehends
When I do not understand something, I ask
Different point of view
The same communication style
I find it hard to express my feelings
Even when I what someone wants to say I wait for them to say
and then answer
When I give instructions, I ask for a feedback
Individuals with a problem in communication
I address the responsible person
I take written communication seriously
I focus my concentration on details
I use humor in communication
I also pay attention to non-verbal speech
I pay attention that non-verbal signals are consistent with the
verbal ones
I look straight in the eye

Table 2. Statistical significance of differences

0.118
0.067
0.072
0.154
0.238
0.229
0.23
0.849
0.245
0.592
0.582
0.001
0.059
0.092
0.338
0
0.168
0.037
0.933
0.084
0.076
0.769
0.678
0.25

1.088
9.548
1.795
3.344
0.07
2.496
2.608
0.263
0.390
1.391

“σ”
(Sigma)

2.156
2.734
2.654
1.882
1.442
1.484
1.477
0.164
1.412
0.525
0.542
7.065
2.863
2.412

F
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2

2

2
2
2
2
2
2
2

2

2
2
2
2
2
2
2
2
2
2
2
2
2
2

df

2.236

1.885

0.412
2.793
0.075
3.354
2.191
0.439
1.470

3.334

0.004
3.661
12.167
0.023
0.072
4.415
1.535
1.283
4.684
5.874
1.493
7.886
0.338
1.434

F

0.109

0.154

0.663
0.063
0.928
0.036
0.114
0.645
0.232

0.037

0.996
0.027
0.000
0.977
0.931
0.013
0.217
0.279
0.010
0.003
0.227
0.000
0.713
0.240

2

2

2
2
2
2
2
2
2

2

2
2
2
2
2
2
2
2
2
2
2
2
2
2

“σ” (Sigma) df

1.07

3.041

0.445
3.604
0.372
3.332
1.949
1.393
5.220

10.074

0.379
8.540
6.869
1.466
2.418
5.777
5.102
4.291
2.718
2.201
0.802
1.760
3.735
1.700

F

0.362

0.029

0.721
0.014
0.773
0.02
0.122
0.245
0.002

0.000

0.768
0.000
0.000
0.224
0.067
0.001
0.002
0.006
0.045
0.088
0.494
0.155
0.012
0.167

“σ”
(Sigma)

3

3

3
3
3
3
3
3
3

3

2
2
2
3
3
3
3
3
3
3
3
3
3
3

df

0.718

1.366

1.521
6.44
0.888
1.189
0.765
0.072
1.497

0.018

2.358
6.877
6.382
5.622
3.348
5.814
0.597
0.605
5.929
1.445
8.071
0.685
2.165
3.391

F

0.488

0.257

0.22
0.002
0.413
0.306
0.466
0.931
0.226

0.982

0.096
0.001
0.002
0.004
0.037
0.003
0.551
0.547
0.003
0.237
0.000
0.505
0.117
0.035

2

2

2
2
2
2
2
2
2

2

2
2
2
2
2
2
2
2
2
2
2
2
2
2

“σ”
df
(Sigma)

The statistical
The statistical significance The statistical significance
The statistical
significance of difference
of difference between
of differences with respect
significance of
to whether the job suits
differences with
between respondents of respondents of different
different age
level of qualification
qualifications
respect to workplace
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< 50

< 30

< 50

< 30

< 50

< 30

Different point of view

When I do not understand
something, I ask

Language which a listener
comprehends

Sad news should be delivered
immediately

< 50

< 30

< 50

< 30

< 50

< 30

< 50

< 30

-0.19
-0.38
-0.2
0.21
0.36
0.16
0.2
0.42
0.22
0
0.22
0.2
0
0
0
0.26
0.4
0.14
0
0.14
0.1
0
0.17
0
0.12
0.7
0.59

0.3

< 50
> 50
> 50
< 50
> 50
> 50
< 50
>50
> 50
< 50
> 50
> 50
< 50
>50
>50
< 50
> 50
> 50
< 50
> 50
> 50
< 50
> 50
> 50
< 50
> 50
> 50

< 50 > 50

Priority of communication lies in < 30
the choice of group
< 50
It is all right to interrupt my
< 30
collocutor if I have something to
< 50
add

I react on the first ball

I find it hard to express my feelings

Spontaneous communication is
better than the official one

I plan my messages

0.2
0.38
0.18
0.14
0.52
0.37
-0.35
0
0.518
0.155
0.462
0.506
0.24
0.656
0.619
0.231
0.521
0.99
0.367
0.267
0.958
0.981
0.861
0.436
0.258
0.762
0.947
0.631
0.689
0.785
0.583
0.842
0.803
0.005
0.003

0.244

0.413
0.118
0.469
0.759
0.093
0.144
0.158
0.972

AS1“σ”
AS2
(sigma)
(I-J)

(J)
< 50
>50
> 50
< 50
> 50
> 50
< 50
< 30
> 50

Age

(I)
Communication is an integral part < 30
of my job
< 50
I use different forms of
< 30
communication
< 50

Dependent variable

Table 3. Post hoc analyses (Scheffé’s method)

Higher

Middle

Higher

Middle

Higher

Middle

Higher

Middle

Higher

Middle

Higher

Middle

Higher

Middle

Higher

Middle

Higher

Middle

Higher
Higher
University
University
Higher
University
University
Higher
University
University
Higher
University
University
Higher
University
University
Higher
University
University
Higher
University
University
Higher
University
University
Higher
University
University

University

(J)
Higher
Middle
University
Higher University
Higher
Middle
University
Higher University
Higher
Middle
University

(I)

Level of
qualifications

0
0
0
0
0
0
0.57
0.34
-0.22
-0.14
0
0.23
-0.27
-0.13
0.14
0.59
0
-0.57
-0.32
0.11
0.43
-0.13
0.11
0.24
0
0.54
0.55

0.44

0
0
0
0.16
0.44
0.28
0.29
0.73

AS1AS2
(I-J)

0.979
0.991
0.995
0.932
0.995
0.958
0.024
0.119
0.571
0.555
0.683
0.22
0.303
0.634
0.746
0.016
0.988
0.027
0.034
0.553
0.003
0.635
0.617
0.237
0.998
0.001
0.015

0.068

0.998
0.997
1
0.742
0.028
0.401
0.298
0

“σ”
(sigma)

+-

++

+-

++

+-

++

+-

++

+-

++

+-

++

+-

++

+-

++

+-

++

+-

++

+-

++

+-

++

(I)

+--+--+--+--+--+--+--+--+---

--

(J)
+--+--+--

Qualifications
match the job

0.11
0
0
0.14
-0.1
-0.24
0
-0.85
-0.86
0.14
-0.5
-0.65
0.3
0.49
0.19
0.32
-0.37
-0.69
-0.22
-0.14
0
0
-0.22
-0.16
-0.16
0.16
0.32

-0.97

0
0
-0.11
-0.25
-1.19
-0.94
0
-1.02

AS1AS2
(I-J)

0.859
0.98
1
0.809
0.979
0.797
1
0.014
0.018
0.55
0.024
0.002
0.164
0.163
0.862
0.255
0.567
0.086
0.155
0.861
0.966
0.947
0.654
0.856
0.745
0.923
0.622

0.979
0.994
0.962
0.426
0
0.004
0.992
0
0.001

“σ”
(sigma)

AS1AS2
(I-J)

DMJ

EXJ

DMJ

EXJ

DMJ

EXJ

DMJ

DMJ
EXJ

DMJ
EXJ

EXJ

DMJ

EXJ

DMJ

EXJ

DMJ

EXJ

DMJ
MHMJ
MHMJ
DMJ
MHMJ
MHMJ
DMJ
MHMJ
MHMJ
DMJ
MHMJ
MHMJ
DMJ
MHMJ
MHMJ
DMJ
MHMJ
MHMJ
DMJ
MHMJ
MHMJ
DMJ
MHMJ
MHMJ
DMJ
MHMJ
MHMJ

DMJ MHMJ

-0.3
-0.53
-0.23
0.39
0.3
0
0.24
0.72
0.48
0
-0.15
0
0.14
0
-0.23
0.15
0.73
0.58
0
-0.19
-0.25
0.44
0.36
0
-0.1
0.17
0.27

0.73

(J)
DMJ
0.31
EXJ
MHMJ
0
DMJ MHMJ -0.26
DMJ
0.52
EXJ
MHMJ 0.61
DMJ MHMJ
0
DMJ
0
EXJ
MHMJ 0.68

(I)

Workplace

0.143
0.01
0.538
0.067
0.292
0.921
0.445
0.004
0.169
0.905
0.566
0.85
0.686
0.892
0.579
0.715
0.003
0.073
0.871
0.34
0.266
0.002
0.037
0.902
0.836
0.692
0.506

0.008

0.097
0.951
0.409
0.019
0.014
0.93
0.947
0.003

“σ”
(sigma)
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(I)

AS1“σ”
AS2
(sigma)
(I-J)

Level of
qualifications
AS1AS2
(I-J)

“σ”
(sigma)

Qualifications
match the job
AS1AS2
(I-J)

“σ”
(sigma)

Workplace

(J)
(I)
(J)
(I)
(J)
(I)
(J)
< 50 0.43 0.061
Higher
0
0.977
+-0.45
0.024
DMJ
< 30
Middle
++
EXJ
The same communication style
> 50 0.38 0.235
University 0.13
0.716
-0.1
0.981
MHMJ
< 50 > 50
0
0.953
Higher University
0
0.912
+-0.55
0.171
DMJ MHMJ
< 50 0.22 0.539
Higher
0.36
0.247
+0
0.969
DMJ
< 30
Middle
++
EXJ
I find it hard to express my feelings
> 50 0.53 0.097
University 0.14
0.701
-0
0.999
MHMJ
< 50 > 50 0.31 0.291
Higher University -0.21
0.621
+-0
0.999
DMJ MHMJ
Even when I what someone wants
< 50
0
0.998
Higher
0.21
0.465
+0
1
DMJ
< 30
Middle
++
EXJ
to say I wait for them to say and
> 50 0.22 0.543
University 0.34
0.039
--0.54
0.07
MHMJ
< 50 < 30
0
0.998
Higher University 0.14
0.729
+--0.55
0.076
DMJ MHMJ
then answer
< 50 -0.47 0.036
Higher
0.13
0.805
+-0.13
0.857
DMJ
When I give instructions, I ask for < 30
Middle
++
EXJ
> 50 0.24 0.552
University
0
0.945
-0.12
0.97
MHMJ
a feedback
< 50 > 50 0.7
0
Higher University -0.18
0.664
+-0.25
0.801
DMJ MHMJ
< 50 0.26 0.322
Higher
0
0.998
+0.22
0.443
DMJ
Individuals with a problem in
< 30
Middle
++
EXJ
> 50 0.38 0.186
University -0.32
0.087
-0.7
0.022
MHMJ
communication
< 50 > 50 0.13 0.753
Higher University -0.31
0.249
+-0.48
0.236
DMJ MHMJ
< 50
0
0.991
Higher
0
0.995
+0
0.931
DMJ
< 30
Middle
++
EXJ
I address the responsible person
> 50 0.31
0.116
University
0
0.929
-0
0.984
MHMJ
< 50 > 50 0.3
0.048
Higher University
0
0.979
+-0
1
DMJ MHMJ
< 50
0
0.985
Higher
0
0.769
+-0.23
0.072
DMJ
I take written communication
< 30
Middle
++
EXJ
> 50
0
0.935
University 0.23
0.037
-0.11
0.902
MHMJ
seriously
< 50 > 50
0
0.961
Higher University 0.15
0.426
+-0.33
0.152
DMJ MHMJ
< 50 0.24
0.17
Higher
0
0.974
+-0.21
0.245
DMJ
< 30
Middle
++
EXJ
I focus my concentration on details
> 50 0.32 0.108
University 0.21
0.133
--0.22
0.616
MHMJ
DMJ MHMJ
< 50 > 50
0
0.778
Higher University 0.18
0.4
+-0
1
< 50 0.27 0.138
Higher
0.13
0.647
+-0.11
0.774
DMJ
< 30
Middle
++
EXJ
I use humor in communication
> 50 0.34 0.108
University
0
0.961
-0.13
0.901
MHMJ
< 50 > 50
0
0.835
Higher University
0
0.787
+-0.25
0.602
DMJ MHMJ
< 50 0.1
0.824
Higher
-0.13
0.737
+0
1
DMJ
I also pay attention to non-verbal < 30
Middle
++
EXJ
0.81
> 50 0.14 0.793
University 0.15
0.53
-0.003
MHMJ
speech
0.81
< 50 > 50
0
0.977
Higher University 0.29
0.26
+-0.004
DMJ MHMJ
I pay attention that non-verbal
< 50 -0.12 0.681
Higher
0.21
0.365
+0
0.976
DMJ
< 30
Middle
++
EXJ
signals are consistent with the
> 50
0
0.894
University 0.21
0.216
-0.43
0.141
MHMJ
verbal ones
< 50 > 50
0
0.954
Higher University
0
1
+-0.48
0.091
DMJ MHMJ
< 50
0
0.87
Higher
0
0.956
+0.14
0.536
DMJ
I look straight in the eye
< 30
Middle
++
EXJ
> 50 0.13 0.671
University 0.2
0.123
-0
1
MHMJ
Legend: + + Suits fully; + - Mainly suits; - - Does not suit
EXJ – Executive jobs DMJ – Direct managerial jobs MHMJ – Middle and high managerial jobs

Dependent variable

Age
“σ”
(sigma)
0.139
0.985
0.271
0.93
0.053
0.066
0.983
0.997
0.997
0.341
0.829
0.277
0.005
0.129
0.76
0.958
0.481
0.466
0.772
0.334
0.772
0.586
0.905
0.521
0.996
0.931
0.968
0.95
0.282
0.287
0.764
0.279
0.722
0.958
0.489

AS1AS2
(I-J)
-0.35
0
0.38
0
0.54
0.61
0
0
0
0.26
-0.12
-0.38
-0.54
-0.37
0.16
0
0.16
0.2
0
0.17
0.1
-0.12
0
0.19
0
0
0
0
-0.28
-0.33
0
-0.24
-0.15
0
0.15
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0.01 between respondents aged up to 50 and over
50 years in terms of asking for a feedback from
the people they have given instructions. People
between the age of 30 and 50 less tend to ask for
feedback when they have given instructions.
Further variance analysis of the results obtained
shows statistically significant differences between
the respondents with secondary and university
education in terms of planning the messages to be
delivered to other collocutors. University-educated respondents have greater tendency to plan their
messages. This relation could have been assumed
since it shows that university-educated people are
better prepared for communication and more complex communication that they carry out.
When compared to the education of respondents, the answers show a statistically significant
difference in terms of their tendency to get upset in
the situations when their points of view are different from the listener’s. Respondents with secondary
education get upset more often than the universityeducated ones when such difference exists.
By the analysis of this information, another statistically significant difference between the indicators obtained may be noticed. It can be noted that
there is a significant difference between the respondents with higher and university education in terms
of their tendency to use a language their listeners
understand, namely “in favor of” the universityeducated respondents. They try harder than other
groups to use a language of their listeners.
In addition to the above results, those related to
the relevance of actual education, i.e. education of
respondents according to their school documentation, were also analyzed. According to the data
obtained for this group, respondents whose education is not adequate for the job they carry out differ
from those whose education is adequate for their
job in terms of the use of different information
means. The respondents, where these differences
exist, use different means of communication more
rarely than their colleagues. This group of business people probably works at more simple and
less responsible positions.
People on inadequate job positions show another statistically significant difference in comparison
to their “more adapted” colleagues, namely the
position that communication skills are a priority in
selecting the members of groups and work teams.
1794

Non-verbal speech also shows to be linked to the
adequate occupation. Employees whose education
is not adequate for their position pay more attention to non-verbal signals and symbols.
The fourth group of statistical data is related to
a position and type of work and their repercussions
on the manner of communication of thus classified respondents. The type of work appears to be a
significant predictor in communication planning.
People in the position of an immediate manager
plan their communication the least, while people
carrying out the tasks of a medium-level or highlevel manager do so most frequently. Immediate
managers most often react immediately, promptly,
and find it hard to deliver news. Respondents carrying out executive operations believe that there
are more people with communication problems
in the organization than believed by the people in
positions of immediate managers. Immediate executives plan their communication very seldom.
Executives communicate without any plan and
impulsively, and they do the same when delivering either bad or sad news to their listeners.
Statistically significant differences at 0.01 level
of significance exist between the executives and
managers in terms of perception of the existence
of communication difficulties with other people.
Executives believe that their colleagues and coworkers in the organization show such difficulties
more often, while managers perceive these difficulties in lesser scope.
Conclusion
The information obtained by comprehensive
statistical processing has confirmed the expectations in terms of correlations although such correlations are not “strong”. Scarcity of obtained
correlations in terms of the proof of their statistical significance depends not only on the sample
scope, but also on the sparse answers in the corpus
of dependent variables.
Despite the scarcity of results, all the individual
hypotheses have been confirmed by the results of
research. Individual characteristics of business
people and their position within the organization,
such as their age, years of service, professional
qualifications, position in the management system, tendency towards a potential fluctuation, beVolume 7 / Number 4 / 2012
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longing to a sector, have proved to be significant
correlations (positive or negative) in the manner
of their communication in terms of the quality and
effectiveness of communication established.
Based on the statistically verified hypotheses
of the specific general level, it may be concluded
that the obtained results also confirm the general
hypothesis, i.e. that individual characteristics of
business people and their organizational status
impact the quality and effectiveness of communications they establish. Thereby the objective of
entire research was successfully fulfilled.
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Abstract
Of all electronic payment systems known in
Serbia, payment cards represent the only system
that is massively used. Over the past eight years
almost all banks in Serbia and Western Balkans
countries have started issuing cards, and they have
their own systems for card acquiring. This work
describes development and an overview of the
current situation regarding payment card usage.
Massive use of payment cards started in 2004, and
it has had a very intensive development. This also
refers to a rapid development and increase in the
number of ATM and POS terminals. The number
of ATM machines increased from the initial 837
at the end of 2005 to 2,847 on March 31, 2011. In
the same period the number of POS terminals increased from 31,816 to 57,782. An analysis of data
referring to the last two years since the outbreak
of the global economic crisis has resulted in the
conclusion that the payment card business in Serbia and Western Balkans countries is stagnating,
and it probably has a decreasing trend as well. The
main characteristic of the payment card business
in Serbia is a lack of a clearing center for payment
cards issued in Serbia (except for Dina Card. This
then results in unnecessary expenses having negative influence on payment card business. It has
also been proposed to establish a national switching center that would make transaction procession
cheaper and have only one point for connection
with VISA or MASTERCARD centers. Intensive
development of card business in Serbia started in
2004. The paper has considered the characteristics
of business credit cards in the last 6 years. Analysis of available data can lead to the conclusion that
the card business in and Western Balkans countries in stagnation. The global economic crisis,
1796

high commissions and the absence of a single center will result in the card business in recent years
has the opposite trend than expected.
Key words: Payment cards, ATM, POS, Visa,
MasterCard, Dina, Interchange fees, Unified Card
Center.
1. Introduction
The most famous types of cards in Serbia are
VISA, Master Card, and Dina Card (local card
brand). American Express and Diners Club (the
first, credit card that has been issued since 1950)
are not lot in usage in Serbia. Of course, there is, a
lot of other cards are used as well. Besides financial institutions (banks), many other organizations
(airline companies, trading companies, etc.) also
issue payment cards. Number of banks in the period 2005 and 2011 is between 36 and 32 (35 at the
end of 2010 and 33 in June 2011). All banks are issuers, and there is a lot of different type depending
of users, type of payment and system of cards on
the market (Table. 1, Table 2, Table 3, Table 4)1.
Table 1. Cards for citizens depending type of payment
Type of payment
Year
Debit cards
Credit cards
Charge cards
Co-brand cards
Total

Number of cards
Dec 2010
88
87
9
7
191

June 2011
87
76
7
4
174

American Express and Diners only offered by
one bank, Visa card offered by almost all banks,
while Dina card offers 26 banks (2010) and 23
banks in 2011. MasterCard is a little less frequent.
1

Source: www.kamatica.com/platne-kartice
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Offer card in 2011 decreased compared to 2010,
indicating that the business cards in a crisis.
Table 2. Cards for citizens depending of system
System
Year
Dina Card
VISA
VISA Electron
Master Card
Maestro
Diners
American Express
Total

Number of cards
Dec 2010
68
54
29
23
11
3
3
191

June 2011
53
56
28
22
11
3
3
176

role of the card acquirer, enabling in this way its
clients to pay via cards. This role mostly lies in
purchase and installation of specific hardware and
software on the sites of the seller, which are necessary for successful transaction realization. The
bank sets conditions that must be fulfilled on performing payments (such as the procedure of transaction checking and the procedure for checking
the payment limit).

Table 3. Cards for company depending type of
payment
Type of payment
Year
Debit cards
Credit cards
Charge cards
Co-brand cards
Total

Number of cards
Dec 2010
29
7
11
2
49

June 2011
27
7
11
2
47

Table 4. Cards for company depending system
System
Year
VISA
VISA Electron
Dina Card
Master Card
Diners
Total

Number of cards
Dec 2010
20
10
10
7
2
49

June 2011
21
10
7
7
2
47

With all card types (debit, credit, loyalty
cards...) it is necessary to carry out a distribution
of roles of entities participating in the process of
credit cards usage (from the issuing to performing transactions). Picture 1 represents a schematic
diagram of entities (individuals and organizations)
participating in this process. A bank is a member
of an association that owns certain type of credit
cards. In this process the bank plays the role of the
credit card issuer, through the process of issuing
cards to its clients (individuals and enterprises), as
well as through processes of opening and maintaining the account via which transactions will be
carried out. Another or the same bank can play the
Volume 7 / Number 4 / 2012

Figure 1. Diagram of entities participating in
credit card issuing and usage
A typical scenario of performing a credit card
payment can be described in the following way.
The seller takes all the relevant data from the buyer
on the site of payment. Depending on the card type,
money will be either directly transferred from the
buyer’s account (the case of debit card) or a bill will
be issued for the buyer to sign. The bill contains all
the payment information and the buyer’s signature
serves as confirmation that the transaction is valid.
The seller will deliver the saved bill copies to the
organization that collects data (bank), which will
perform all the needed operations for the money
transfer. Regardless of the scenario, there must be
an entity whose role is to collect and process data
from the card, if not an association or a national
center, then at least a provider.
2. Research methods
Research methods will be based on collection
and analysis of relevant data on payment cards and
business with cards at the end of the year in the period from 2006 to the end of 2010 (the last five years).
1797
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Use relevant data sources such as the National
Bank of Serbia, Association of Banks and official
statements of banks on business with cards. In addition, numerical values will be analyzed as an indicator of trends and predictions of behavior in the
future. Parameters to be analyzed are:
1. Number of ATMs and POS terminals in
Serbia.
2. Analysis of the number and volume of
transactions at terminals.
3. Analysis of activity of cards issued in Serbia
at terminals abroad.
4. Analysis of the activities of foreign cards
(issued outside of Serbia) on terminals in
Serbia.
5. Interchange fees paid by traders in Serbia
and in other countries.
6. Conditions under which transactions are
processed.
7. For a detailed confirmation of some
hypotheses, some data will be analyzed
quarterly (at 3 months).
3. Hypothesis
Based on the current economic situation in Serbia, as well as on the basis of data collected can be
placed several hypotheses about the situation and
the causes of this situation when it comes to business with payment cards.
Payment cards business in Serbia and Western
Balkans countries is stagnant, and even perhaps in
crisis.
Too many banks in small market such as Serbia.
The global economic crisis is one of the reasons for the crisis in business with payment cards.
The lack unique switching center makes business with cards much expensive.
The absence of a single switching card center
reduces the profitability of the payment card business for banks.
There are also knowledge and ability to implement unique switching card center in Serbia and
Western Balkans countries which would be possible to make clearing of transactions of domestic
Visa and MasterCard cards.
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4. Characteristics of the card payment
system in Serbia
The first electronic system for the use of Visa
card on ATM terminals was introduced by Beobanka at the beginning of 1997. At that time the
first transaction with Visa Center in London was
carried out as well. Due to the sanctions, the system was removed from the international network
in the middle of the year, and it could thus operate
with domestic cards only. The common name for
an ATM terminal in Serbia is „bankomat“, which
is the name of one of the first manufacturers of this
type of devices. During 1998, several banks and
saving houses introduced quasi systems (ATM
with a PC computer), which simulated automatic
card acceptance and transaction procession.
Development of payment systems based on
payment cards experienced a real boost in Serbia
in 2003. At the beginning of 2004, twelve leading banks in Serbia were issuing cards and had
their own ATM and POS terminals (at the end of
May 2004, about 220 ATM’s and about 8,500 POS
terminals [3], [5], [11], [12]). Most of the ATM’s
were in Belgrade.
Since 2004, major changes have occurred in the
banking sector. Almost all banks in Serbia have
been privatized, and many foreign banks have appeared in the Serbian market.
In the end of 2005, the situation in Serbia was the
following: 837 ATM’s, and 31816 POS terminals.
In the end of 2006, there were 34 banks and 48194
POS and 1346 ATM terminals in Serbia [6] (Figure
2, Figure 3). Almost a third of all ATM’s (310) were
in Belgrade, 47 in Novi Sad and 46 in Nis.
In the end of 2007, the situation in Serbia was
the following: 36 banks, 2,250 subsidiaries, 2074
ATM’s, and 55,340 POS terminals.
In the end of 2008, the situation in Serbia was
the following: 36 banks, 2,250 subsidiaries, 2494
ATM’s, and 57919 POS terminals.
In the end of 2009, 34 banks operated in Serbia
with 2,391 branch offices, 2723 ATM terminals and
59058 POS terminals (in the first quarter of the year
were 60,857).
In the end of 2010 there were 2857 ATM’s, 57459
POS terminals and 35 banks operating in Serbia.
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2008

Figure 2. Number of ATMs at the end of the year
2009

2010
2011

Figure 3. Number of POSs at the end of the year
In the end of the first quarter 20112 there were
2847 ATM’s, 57782 POS terminals and 33 banks
operating in Serbia with 2000 branch offices.
A rough analysis of these data can lead to a
conclusion that over the past two years the increase in the number of ATM’s has slowed down
(in the first quarter of 2010 there were 62, and in
the second quarter only 8 and in the third 15 new
ATM terminals), and that due to the effects of the
global economic crisis even the number of points
of sale has reduced (from 60,857 in the first quarter of 2009 to 58,787 POS terminals at the end of
the second quarter of 2010).
On average, there were 17,393 transactions
on one ATM in 2005, in 2006 there were 21,867
transactions, 19,473 in 2007, 18,164 in 2008, and
17,103 transactions in 2009. In the first half of
2010 there were 8,548 transactions on one ATM
on average (we should thus expect about 17,300
transactions at the annual level).
The average transaction value and the turnover
on ATM’s has also changed over the past 5 years.
An overview by quarters from 2008 to the middle
of 2011 is given in Table 5.

2

All the data for 2011 refer to the first quarter, and they served as a basis
for some forecasts given for the entire 2011.
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Quarter

Year

Table 5. Transactions on ATM’s

I
II
III
IV
I
II
III
IV
I
II
III
IV
I

Turnover
Average
Average
on ATM’s number of transaction
in million transactions value in
dinars
per ATM
dinars
45318
4512
4622
53026
4728
4805
52498
4381
4894
56362
4543
4974
53452
3989
5077
60675
4363
5192
62360
4356
5338
66409
4543
5549
62859
4074
5540
71445
4474
5718
74071
4477
5892
79667
4604
6057
74377
4348
6008

If we take into consideration the dinar exchange
rate against the euro, the conclusion will still be
that the payment card business has experienced a
mild decline over the past 2 years. In the period
from 2005 to the middle of 2008, the dinar was
relatively stable (it ranged from 77 to 82 dinars for
a euro). In the middle of 2009, the exchange rate
was about 95 dinars for a euro, and in the middle
of 2011 about 101 dinars for a euro.
For a more detailed analysis we also need to
take into consideration the inflation, which in this
period in Serbia was lower than 10%. The citizens’
purchase power also decreased in the said period.
In the middle of 2007, the average salary was 347
Euros, while in the middle of 2011 it amounted to
about 315 Euros and was the lowest in Europe.
The Gross Domestic Product also decreased
from 38 billion Euros in 2007 to 33 billion in
2010. The number of citizens decreased as well,
by more than 100,000.
The number of active cards3 more than doubled
from 2005 (1,141,234) to 2008 (2,731,300), but in
2009 it remained almost unchanged and amounted to 2,728,032 active cards. In 2010, there was
a slight increase in the number of active cards
(2,944,458). In 2011, there was a slight decrease
in the number of active cards (2,846,871). This
3

An active card is the one that performed at least one transaction in the
report period. Since the second quarter of 2007, cards used only for
raising cash at the issuing bank premises are not considered active cards.
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2008

2009

2010
2011

Quarter

Table 6. The number of transactions and turnover
of cards at points of sale in Serbia
Year

can be an indicator that the payment card business
in Serbia is in stagnation.
Another interesting thing is that over the past
five years (2006-2011) the share of active cards in
the total number of delivered cards has amounted
to about 47% (it varies from 46% to 48%). In 2010
was 48% but at 2011 only 46% active cards. This
shows that habits of card users practically haven’t
changed. It is also another indicator of stagnation
in the card business.
Depending on the card type, there are also large
differences in the number of transactions and turnover in the period 2005-2011. Turnover of debit
cards compared to credit ones is much higher (10
to 15 times). Turnover of business cards records a
growing trend in the entire period, and in 2011 it is
about 2.5 times lower than the one of credit cards
(in 2006 it was almost 6 times lower).
The average number of transactions per ATM
is about 4,000 per quarter for debit cards. Credit
cards show a downward trend, and the average
number decreased from 650 in 2006 to 266 per
quarter in 2011.
The average value of debit card transactions
shows a mild growing trend from 4,400 in 2007
to 6,040 in 2011. In the same period, the average
amount of credit card transactions remained almost unchanged in dinars (in 2007 it was 3,962
dinars, and in 2011 it was 4,119 dinars). Business
cards recorded an increase of the average amount
per transaction, from 8,600 dinars in 2007 to
11,606 dinars in 2011.
If we observe those amounts in Euros, from 2007
to 2010 debit cards had almost the same average
transaction value of about 55 Euros. The average
credit card transaction value decreased from 49 to
40 Euros in 2010. Business cards had the value of
about 100 Euros per transaction in the entire period.
Table 6 gives an overview of the number of
transactions and turnover at points of sale in Serbia (POS terminals) for the cards issued in Serbia.
A rough analysis of these values shows that the
average has a very mild increasing trend, i.e. that
the citizens’ habits haven’t changed significantly in
this period. The value of transactions in dinars even
slightly decreased. If we take into consideration the
exchange rate against euro and the inflation, it is
obvious that significant reduction of the transaction
average value per POS terminal has occurred.

I
II
III
IV
I
II
III
IV
I
II
III
IV
I

Turnover
Average
Average
on POS’s number of transaction
in million transactions value in
dinars
per POS
dinars
23732
194
2102
26792
221
2118
26148
220
2096
27757
227
2113
25347
209
1990
25948
230
2004
27459
235
1989
29746
244
2063
27434
236
1965
30048
253
2021
31134
263
2025
34710
286
2110
31272
276
1961

Table 7 gives an overview of the number of transactions, turnover and average transaction value (by
quarters) recorded outside the Republic of Serbia
with cards issued in Serbia. The total value includes
data referring to ATM’s, Points of Sale (POS terminals) and bank windows. By the way, from 2005
to 2007 the number of transactions increased from
691,072 to 1,427,313 transactions. The average
transaction value in Euros in this period decreased
from 106 to 95 Euros. The turnover increased from
73.2 million Euros to 135.9 million Euros.
If we analyze the values in regards to the place
– ATM’s, POS or bank windows, we reach the
following conclusion. Turnover at bank windows
amounted to 0.3 to 0.4 million Euros per quarter.
Turnover on POS terminals is almost three times
higher than on ATM’s. So, citizens of Serbia mostly use cards abroad for buying goods and services
(especially during summer months), while cards
are used for raising cash to a much lower extent.
Cancellation of visas for the European Union
countries hasn’t significantly influenced an increase of consumption and activities of cards outside Serbia.
Table 8 gives an overview of the number of
transactions, turnover and average transaction value (by quarters) recorded in the Republic of Serbia
with cards issued outside Serbia.
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2008

2009

2010
2011

Quarter

Year

Table 7. Number of transactions and turnover
outside the Republic of Serbia with cards issued
in Serbia

I
II
III
IV
I
II
III
IV
I
II
III
IV
I

Average
Turnover
Number of
transaction
in million
transactions
value in
euros
euros
336350
36,9
101
462490
44,8
97
581758
53,8
92
431313
42,6
99
403119
36,0
89
457384
39,3
86
584897
47,5
81
433936
36,9
85
494677
41,2
83
551978
46,3
84
707725
55,4
78
558104
45,3
81
612630
48,7
80

2008

2009

2010
2011

Quarter

Year

Turnover of foreign cards is constantly growing and it is especially a result of the increase in
the number of tourists, and is highest in summer
months, which is expected.
Table 8. Number of transactions and turnover in
Serbia with cards issued outside the Republic of
Serbia

I
II
III
IV
I
II
III
IV
I
II
III
IV
I

Average
Turnover
Number of
transaction
in million
transactions
value in
dinars
dinars
753868
5704
7566
1019545
7585
7440
1380683
9888
7162
1081667
7866
7272
941013
6655
7072
1197872
8944
7467
1560659
11716
7507
1150129
8865
7708
1031535
7721
7485
1471627
10491
7129
1940008
14334
7389
1570464
11450
7291
1365681
9445
6916
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Table 9. Total number and value of transactions
with payment cards in Serbia
Year
2006
2007
2008
2009
2010
01/10
02/10
03/10
04/10
01/11

Number of transactions
(in thousands)
50,577
72,352
92,730
101,048
110,493
25.374
27.442
28.009
29.667
28.384

Volume
(in millions)
157,226
235,468
313,260
355,138
413,087
90.710
101.935
105.623
114.819
106.047

The number of transactions on ATM and POS
terminals is almost the same or, more precisely, it
is 10-15% higher on POS terminals. It ranges from
10 to 16 million transactions per quarter. Table 9
shows that at an annual level there are 93 million
(in 2008) to 110 million (in 2010) transactions in
Serbia (expected number 120 million in 2011). That
is a relatively low number of transactions compared
to other countries in Europe. In France, during
Christmas holidays, there are even up to 3 billion
transactions a day. Turnover on ATM terminals is
more than twice higher than the one on POS terminals. More than 95% of the turnover is realized by
cards issued in Serbia and used in Serbia.
Figure 4 gives data referring to turnover and
number of transactions in the DINA CARD system. DINA CARD is a local card and, at the same
time, the only card that has a clearing center (part
of National Bank of Serbia) and is accepted by
POS terminals of all banks. Comparing these values with the data from Table 6x, we can conclude
that the cards VISA, MASTERCARD records a
majority of turnover and transactions. Domestic
cards (DINA CARD, YUBA) realize less than
30% of number and turnover [7].
Depending on the card type, there are also large
differences in the number of delivered cards in
the period 2005-2010 (Table 10) [6]. Number of
debit cards compared to credit ones is much higher. Number of debit and business cards records a
growing trend in the entire period.
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b)
Figure 4. Number and value of transactions in
the DINA CARD system
Table 10. The number of different types of cards
in Serbia [6]
Year
2005
2006
2007
2008
2009
2010
2011

Debit
Credit Business
Total
3.443.015 382.158
33.129 3.858.302
4.327.537 857.608
55.237 5.240.382
4.613.448 1.039.042 72.975 5.725.465
4.548.241 1.082.771 97.777 5.728.789
4.884.814 1.022.544 107.032 6.014.390
5,108,527 936,008 103,402 6,147,937
5,134,351 933,991 100,753 6,169,095

Table 11. The percent of active cards in total number of cards in Serbia [6]
Year
2005
2006
2007
2008
2009
2010
2011
1802

Debit
33%
42%
42%
41%
41%
43%
41%

Credit
78%
71%
71%
73%
71%
72%
70%

Business
83%
65%
65%
60%
56%
69%
66%

Average
35%
47%
47%
48%
46%
48%
46%

Number of
transactions

2005
2006
2007
2008
2009
2010
2011

691.072
1.079.389
1.427.313
1.841.911
1.879.336
2,312,484
612,630

Turnover
in million
euros
73.2
104.9
135.9
178.1
159.7
188.1
48

Average
transaction
value in euros
106
97
95
97
85
82
80

Table 11. shows that over the past five years
(2006-2010) the share of active cards in the total number of delivered cards has amounted to
about 47% (it varies from 46% to 48%) [6]. This
shows that habits of card users practically haven’t
changed. It is also another indicator of stagnation
in the card business. At the end oh second quarter
of 2010 there was 2.078.265 debit, 683.254 credit
and 61.798 business active cards.
Table 12. gives an overview of the number of
transactions, turnover and average transaction value recorded outside the Republic of Serbia with
cards issued in Serbia [6]. The total value includes
data referring to ATM’s, Points of Sale (POS terminals) and bank teller windows. From 2005 to
2010 the number of transactions increased from
691,072 to 2,312,484 transactions (612630 in the
first quarter of 2011). The average transaction value in euros in this period decreased from 106 to 80
euros. The turnover increased from 73.2 million
euros to 188.1 million euros. Expected growth in
2011 will be about 15%.
Table 13. Number of transactions and turnover
in Serbia with cards issued outside the Serbia [6]
Year

a)

Year

Table 12. Number of transactions and turnover
outside the Republic of Serbia with cards issued
in Serbia [6]

2005
2006
2007
2008
2009
2010
2011

Turnover
Average
Number of
in million transaction value
transactions
dinars
in dinars/euros
1.374383
12.956
9.427 / 117
2.034.636
18.760
9.220 / 110
2.942.316
23.758
8.075 / 101
4.235.763
31.043
7.329 / 88
4.849.673
36.180
7.460 / 80
6,013,634
43.995
7.323 / 74
1,365,681
9445
6.916 / 70
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If we analyze the values in regards to the place
– ATM’s, POS or bank windows, we reach the
following conclusion. Turnover at bank windows
amounted about 1.4 million euros per year. Turnover on POS terminals is almost three times higher than on ATM’s. So, citizens of Serbia mostly
use cards abroad for buying goods and services,
while cards are used domestically for raising cash
to a much lower extent. Cancellation of visas for
the European Union countries hasn’t significantly
influenced an increase of consumption and activities of cards outside Serbia. Effects of the global
economic crisis are evident. While the number
of transactions is growing, turnover and value of
transaction are decrease. Table 13. gives an overview of the number of transactions, turnover and
average transaction value recorded in the Republic of Serbia with cards issued outside Serbia [6].
Turnover of foreign cards is constantly growing and it is especially a result of the increase in
the number of tourists, and is highest in summer
months, which is expected.
These two tables show that the global economic crisis did not have a too significant impact on
business cards. In fact there were no significant
changes. There is growth the number of transactions but in the same time minimizes the average
value. Volume was almost the same.
5. Legal framework for e-business
Precondition for development and functioning
of e-business in Serbia is its adequate legal regulation. In domestic legislative were performed great
efforts in creation regulative for transition into ebusiness, harmonizing the existing regulative with
international, especially EU regulative. The biggest results were achieved in the area of banking
and finance (internal and international payments,
stock markets), and the smallest ones in massive
usage of payment cards and ATMs. Legislation of
doing business with payment cards in Serbia create Law on amendments of the law on payment
transactions,4 which gives the authorization to
National bank of Serbia to perform payments i.e.
inter-bank clearing checks per current accounts
4

Law on amendments of the law on payment transactions, Official
gazette of Republic of Serbia, no. 31/2011.
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of the citizens and settlements of payment cards,
Law on banks and other financial organizations,5
which defines that the bank can perform operations of issuing payment cards.
The process of creation legal framework for
regulating e-business in Serbia initiated with enactment of the Law on electronic signature,6 which
is fully coherent with EU legislative and Directive
1999/93/EC.7 The main role of the law is definition
of conditions in which electronic signature is legally equivalent with personal signature.8 Serbia continues with the process of creation legal framework
necessary for successful foundation, operation and
development of e-business with the enactment of
the Law on electronic document.9 Full implementation of this law creates conditions for application
electronic signature and exchange of electronic
documents, which opens space for more intense
actions of electronic trade system, which becomes
more and more imperative on the world market.
Filling in legal gap in the area of electronic trade
was performed with the Law on electronic trade,10
which created regulative basis for equalizing electronic forms of doing business with classical form,
which creates significant competitive advantage for
the economy.
Serbia like other transitional countries is still
on the road of legislative activity of harmonizing
regulations for e-business with EU legislative in
order to create competitive market inclined towards e-business and all of its forms.
6. The condition of the card business in
Serbia and Western Balkans countries
The main characteristic of card operations in
Serbia and Western Balkans countries is a lack of
a joint switching center for processing transactions.
Every bank has its own system for acceptance and
5
6
7
8
9
10

Law on banks and other financial organizations, Official gazette of
Republic of Serbia, no. 107/2005 and 91/2010.
Law on electronic signature, Official gazette of Republic of Serbia, no.
135/2004.
Directive 1999/93/EC of the European Parliament and of the Council
of 13 December 1999 on a Community framework for electronic
signatures.
www.parlament.sr.gov.rs
Law on electronic document, Official gazette of Republic of Serbia, no.
51/2009.
Law on electronic trade, Official gazette of Republic of Serbia, no.
41/2009.
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procession of transactions. The procession is most
often carried out by providers abroad. Some banks
even have several providers for various types of
cards and various POS terminals. Except for DINA
CARD, which is accepted by POS terminals of all
banks, other cards are most often accepted only by
terminals of those banks. It results in the fact that
one trader has several POS terminals and several
contracts with several banks. All these facts make
card operations expensive and complex.
Every bank has its own provider that processes
transactions and performs authorization and payments. Some banks even have several providers
for various cards and POS terminals. Banka Intesa
has even 3 providers. Most of these providers are
foreign companies, and thus huge part of profits
from cards operation goes out of Serbia.
Settlement, payment by domestic cards, is performed via providers and completed via banks
in Serbia. Clearing transactions with domestic
VISA and MASTERCARD cards are completed
via appropriate centers in London and Brussels,
and thus huge part of profits goes out of Serbia.
This is absolutely unnecessary and harmful for
the state, traders and consumers, as well as banks.
The clearing center for DINA card is located in the
National Bank of Serbia, and all transactions are
performed through it.
Such a situation is unfavorable for the entire
country, but also for all participants in the payment
card system. Traders have high expenses due to
the so-called interchange fee. They were therefore
forced to increase their prices, which was ultimately
paid by all consumers (not only card holders), who
pay much higher prices for products in shops that
accept payment cards. Of course, traders have benefits from accepting cards since their sale increases,
and the needed workforce is reduced.
Interchange fee represents payment that is
performed by the trader’s bank toward the cardissuing bank for each transaction carried out with
a payment card issued by that bank. When a card
holder uses the card for paying for products, the
trader does not obtain the full amount of money
for sold products and performed services. This
amount is reduced for the amount of expenses
incurred by the trader’s bank (card acquirer),
the card-issuing bank and card scheme that processes transactions, during procession of transac1804

tions carried out with payment cards. Card issuing banks usually invest part of their income from
interchange fees in promotion of payment card
usage. „Small“ card issuing banks greatly rely on
interchange fees as significant financial sources in
payment card operations, and according to various analyses, payment card operations are among
most profitable activities of „big“ banks.
Since 2009, the worldwide traders (who bear the
full cost of using payment cards) have launched a
campaign for the abolition of these commissions.
This action has made some success and credit card
organizations have reduced or froze their fees to
the decisions of the relevant courts. Payment card
holders can have significant benefits offered to
them by card issuing banks, such as:
– reduction or cancellation of annul card
usage fee,
– lower interest rates,
– discounts, and so on.
On the other hand, consumers that don’t use payment cards pay higher prices for products of traders
who decide to allow card payments, because traders
transfer their costs of card payment procession and
interchange fees to all goods they sell. Benefits of
traders that accept card payments lie in an increase
of sale, as well as reduction of workforce expenses,
but certain analyses have confirmed that, with big
trade chains, an increase of expenses resulting from
card payments significantly exceeds the increase
of sale. Besides, they also underlined that the fact
that they cannot refuse popular card payments, as
well as the fact that they cannot form higher prices
of products if payment is performed by payment
cards, and lower prices when it comes to cash payments, result in higher prices of all goods and services, while their negotiating power regarding costs
of payment card procession is limited.
The increased rates of interchange fees over the
past years, together with an increase of the number
of transactions performed by payment cards, have
led to an extremely high growth of interchange
fees, and thus a growth of expenses incurred by
traders for that purpose as well. These expenses
are ultimately transferred to end consumers, who
pay much higher prices for products.
Interchange fees in Serbia are not standardized, and in most countries they are regulated by
Volume 7 / Number 4 / 2012
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appropriate laws and have various amounts. The
fees are dependent on contracts and are most often
higher than 4% of the retail price (average 2,5%).
Over the past years, in many countries they have
been reduced to lower percentage, or their reduction is planned. In Denmark, the fees for Visa and
MasterCard have been reduced from 0.75% to
0.4% (maximum 4 DKK). In Israel, they intend to
reduce the fee from 1.255 to 0.875% until 2012,
in Spain from 3.325 to 1.1%, and in Switzerland
from 1.65%-1.70% to 1.30%-1.35%.
We should have in mind that Serbia is among
a few European countries that do not have a joint
card center, except when it comes to DINA card.
The switching and clearing center for DINA card
is the National Bank of Serbia. This shows that
there is knowledge, as well as needs and possibilities for realization of a similar solution when
it comes to other card types, i.e. VISA and MASTERCARD. Hungary, Turkey and Slovenia also
have national centers for card transaction procession, but even much less developed countries in
our neighborhood, such as Bulgaria and Bosnia &
Herzegovina have them as well.
Payment transactions carried out by Visa payment cards are processed through the VisaNet
telecommunication network, which connects Visa
members with one of its centers. For the needs of
clearing payment transactions performed by Visa
payment cards in national currency, Visa International offers an optional service to countries – the
name of the service is NNSS - National Net Settlement Service, and it is used for calculating netitems of transactions in which the trader, acquirer
and card issuer are in the same country, and the
transaction currency is the local currency. A lot of
countries use this service so that settlement transactions between the card issuer and acquirer could be
performed in that country and in the local currency.
In the procedure of calculating net-items, Visa International only gives information on net-items that
are necessary for the settlement realization, and final settlement is carried out through correspondent
services or with a settlement agent in the national
payment system. For completion of net-items calculation in national currencies, Visa International in
its system supports about 26 currencies.
Within MasterCard, payment transactions are
processed through the BankNet telecommunicaVolume 7 / Number 4 / 2012

tion network which, as in the case of Visa, connects
MasterCard members with processing centers, and
through which transactions are routed to authorization. As for procession of MasterCard transactions
in local currency, there is a system called MasterCard International Services for IntraCountry Settlement, within which transactions performed with a
trader located in the same country where MasterCard payment card was issued are treated as ’’Intracountry’’ transactions, and are processed via the
MasterCard Interchange system. A card acquirer
must submit to MasterCard all transactions in the
currency in which they were performed, and after
that MasterCard performs calculation of net-items
and sends a notification about that to members
(banks), as well as the institution performing final
settlement (central bank, for instance).
Net-items calculated for transactions in the
currency, when it comes to both Visa and MasterCard, are settled in banks in which the processor
has opened an account for that purpose.
The practice of countries that have established
national payment card systems on the basis of usage of Visa and MasterCard payment cards issued
in the territory of those countries is not the same
in all countries.
Regardless of services offered to countries by
Visa and MasterCard for clearing of payment transactions in national currency on the basis of usage
of payment cards issued in those countries, most
countries have established national payment card
systems in which clearing of these transactions is
carried out, and settlement of calculated net-items
is performed in the national RTGS system.
Bulgaria and Turkey have only one payment card
system on their territories in which clearing of the
said transactions is performed, while in Poland and
Bosnia & Herzegovina, besides the system organized
at the national level, it is also possible to use services
of Visa – NNSS and MasterCard for clearing of the
said transactions. In Slovenia, when they had their
national currency (tolar) there was ’The Slovenian
National Net Settlement Service’’ (Clearing Visa),
which calculated net-items by Visa payment cards
performed on the territory of the Republic of Slovenia. In the first stage, the settlement agent was Abanka Vipa d.d., and then the Bank of Slovenia.
Such centers can be organized pursuant to various models and there are various solutions in Eu1805
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rope and the world. Card payment centers may
be private or founded by state institutions. They
can also be profit or non-profit organizations. For
instance, in France it is a non-profit organization
financed by 11 biggest banks that pay for its operation, and if there is a gain at the end of the year
it is distributed proportionally. In Britain, it is a
private profit organization.
The first attempt of establishment of a single
switching (and maybe clearing) center in Serbia
occurred in 1998 with support of the Association
of Banks. They even announced a tender for realization of this center, but in the end they gave up
the idea.
Although at the end of May 2004 the Association of Banks and 13 small banks in Serbia made
a decision on realization of a joint system for accepting transactions, nothing has been done so far
[4].
Over the past several years, several banks have
intensively worked on construction and/or renewal of their infrastructure in order to become
capable of issuing and accepting cards, to become
members of Visa and/or Europay, and to work on
installation of ATM and/or POS terminals. Having in mind that all these banks cannot oblige their
partners to use only their private networks of ATM
and POS terminals, the need for construction of
a switching center for interbanking card transactions has increased [5][10][11], and we suggest
that all possibilities should be analyzed and that all
relevant factors should be included that can provide a safe and reliable system, open communications solution and rapid development.
With appearance of new payment tools, risk
management is the main disputable issue that has
to be carefully considered. Decisions on the systems to be accepted must be based on their openness and communicativeness. A selected system
must be capable of rapid adjustment to constant
development and market needs.
The future interbanking network should be a
switching center for payment card transactions
among all banks and should:
– promote development and the use of
payment cards in Serbia
– accept cards from international organizations
for payments or cash raising in Serbia by
tourists and businesspeople
1806

– create a joint possibility of handling payment
card transactions and eliminate the need
for multiplication of human and financial
investments.
With construction of joint infrastructure, the
future inter banking network would be capable of
becoming an authorization center that would be
operational seven days a week and 24 hours a day,
connected with international organizations such as
Visa and Europay, and optionally it would be a center for: handling ATM’s and POS’s, card personalization, card operations intended for some banks,
and a clearing institution that prepares calculations.
Existence of an interbanking card organization
would significantly facilitate and make card business cheaper (especially referring to acceptance
of cards by traders), and enable obtaining benefits
during negotiations with both domestic and international service providers, such as Europay and Visa.
Countries that have applied the national payment
system modality for calculation of net-items of payment transactions in domestic currency on the basis
of usage of payment cards issued in those countries,
and for which the final settlement of those net-items
is performed in the national RTGS system, can manage the settlement risk in those systems more successfully (a risk that one of participants does not have
enough money on the account for realization of his
negative net-item). Besides, organizing settlement
of net-items from clearing in the RTGS system also
fulfills one of the main BIS principles – to perform
settlement of payment transactions in central-bank
money, i.e. via accounts open in the central bank.
On the other hand, establishment of a national payment system for clearing by Visa and MasterCard
payment cards creates more possibilities for influencing the amount of interchange fees. When using
Visa – NNSS and MasterCard services for clearing
of the said transactions, banks are obliged to apply
interchange fees determined by those card schemes.
The Republic of Serbia uses NNSS - National
Net Settlement Service Visa International. Calculation of net-items of payment transactions in dinars on the basis of usage of Visa payment cards
issued on the territory of the Republic of Serbia
is performed by Visa International, and calculated
net-items are settled in the RTG system of the National Bank of Serbia.
Volume 7 / Number 4 / 2012
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Calculation of net-items of payment transactions performed in dinars on the basis of usage of
MasterCard payment cards issued on the territory
of the Republic of Serbia is carried out by MasterCard, and calculated net-items are settled in the
RTGS of the National Bank of Serbia.
In the Republic of Serbia, settlement of netitems from clearing by Visa and MasterCard
payment cards is performed in the RTGS of the
National Bank of Serbia, which fulfills one of the
main principles – settlement in the central-bank
money. However, calculation of net-items of payment transactions in dinars on the basis of usage
of Visa and MasterCard payment cards issued on
the territory of the Republic of Serbia is not performed in our country, which is possible, having
in mind experiences of the said countries. This
would provide for performing this transaction at
much lower price, which would be useful both for
banks and the real sector. At the same time, the
institution that would perform clearing of these
transactions (National Payment Card Center of
NBS) would record significant income that is now
collected by Visa and MasterCard7.
7. Conclusion
The main characteristic of electronic payment
system development in Serbia over the past five
years is the extensive usage of various card types.
This work analyzes current situation of card usage and gives suggestions for further development. Economic indicators undoubtedly show
that since the beginning of 2009 card business has
been in stagnation. The growth of the ATM terminal network is very slow. The number of points of
sale (POS terminals) has decreased by more than
2,000, i.e. by 3.5%.
In Serbia, operates 35 banks and that’s too
much for such a small market. Economic indicators point in the next 5 years will be a bank merger.
It is expected to survive less than 10 banks. This
corresponds to the number of banks in countries of
similar size and development.
The global economic crisis did not have too
significant an impact on business with cards in
Serbia and Western Balkans countries, but has indirectly caused a crisis in the banking sector and
therefore in business with cards.
Volume 7 / Number 4 / 2012

The main characteristic of this business is a lack
of a national switching center. Every bank that is
card acquirer has its own provider. Some banks
even have several providers (for various card types,
for ATM and POS terminals). Most providers are
abroad. All of this points at huge costs of procession and communication. Settlement, payment by
domestic cards, is performed via providers and
completed via banks in Serbia and Western Balkans countries. Clearing transactions with domestic
VISA and MASTERCARD cards are completed
via appropriate centers in London and Brussels, and
thus huge part of profits goes out of Serbia. This
is absolutely unnecessary and harmful for the state,
traders and consumers, as well as banks.
We have analyzed the need for realization of
a national switching center, as well as demands
and possible uncertainties regarding its status. We
have undoubtedly proved that existence of such
a center would be not only socially justified and
useful for Western Balkans countries, but it would
also create a lot of advantages for all participants
in the card payment system, and contribute to further development of the card business in Serbia
and Western Balkans countries.
Acknowledgements
The paper presented here was supported by the
Serbian Ministry of Education and Science (project III 44006).
References
1. Donal O’Mahony, Michael Peirce and Hitesh Tewari,
“Electronic Payment Systems”, Artech House, 1997.
2. Donal O’Mahony, Michael Peirce and Hitesh
Tewari, “Electronic Payment Systems for E-Commerce”, Artech House, 2002.
3. Slobodan Obradović, Vesna Marković, Dejan Tešić,
Đorđević Borislav, Aleksandar Žorić, level of development card payment system in Serbia, InfoTeh
2010, Jahorina, 2010.
4. Slobodan Obradović, Bojan Ilić, Dragoslav Perić,
Živorad Vasić, Electronic payment system in Serbialevel of development in 2004, International scientific
conference UNITECH’04, TU-Gabrovo, 18-19 November 2004, Gabrovo, proceedings, vol.I, pp. I 336I 341, ISBN 954-683-303-7.
1807

technics technologies education management

5. Slobodan Obradović, Bojan Ilić, Živorad Vasić,
Dragoslav Perić, “Application of electronic payment
cards in the realization of economic and financial
transactions “, Economic perspectives, No 4. 2004.
6. National Bank of Serbia: http://www.nbs.rs/internet/
cirilica/35
7. National Bank of Serbia: http://www.dinacard.nbs.rs/
en/index.html
8. Association of Serbian Banks: http://www.ubs-asb.com/
9. Zorica Petrović, Slobodan Obradović, Dragan
Jovanović, “Jedan pristup uvođenju poslovanja s
karticama“, BELT 1999, Kopaonik, 1999.
10. S. Obradović, V. Marković, S. Ilić, D. Tešić, M.
Mijalković, “Payment Card Operations of Banks in
the Republic of Serbia“, 10th Anniversary international scientific conference UNITECH’10, Technical University of Gabrovo, Bulgaria, 19-20 november 2010, pp. III-59-III-64, ISSN 1313-230X.
11. Slobodan Obradović, Milan Mijalković, Dejan
Tešić, Vesna Marković, Valentina Pavlović, “Causes
Delays in the Development of Card Business in Serbia“, InfoTeh 2011, Jahorina, 2011.
Corresponding Author
Zaklina Spalevic,
Faculty of Law for Economy end Justice,
University Business Academy,
Novi Sad,
Serbia,
E-mail: zaklinaspalevic@ymail.com

1808

Volume 7 / Number 4 / 2012

technics technologies education management

Managing by conflicts between partners in
supply chain
Nada Barac1, Vesna Jankovic Milic1, Aleksandra Andjelkovic1, Bruno Bojic2
1
2

Faculty of Economics, Nis, Serbia,
Foreign Trade Chamber of Bosnia and Herzegovina.

Abstract
The authors explore the causes of conflicts in
the supply chain, as well as ways how to neutralize them. Complex structures, such as supply chain,
which includes a large number of partners (suppliers, manufacturers, distributors, retailers and
consumers) is exposed to frequent conflicts. Conflicts between partners are a major obstacle in the
realization of supply chain performances. This is
the reason for continued research in conflict areas
as supply chain management. Each partner is responsible for the success of the entire supply chain.
Efficiency and effectiveness of the supply chain as
a whole depends on the relationship between the
partners. This paper presents the results of research
into the causes of conflict between partners in Serbia. Factor-analysis which belongs to the multivariate statistical method, was applied in this research.
Key words: Supply chain, partnership, cooperation, conflict, the causes of conflict, the factor
analysis. causes of conflict, factor analysis.
1. Introduction
Supply chains are complex interorganizational
structures with consist of a great number of partners. All partners are included to create a value for
end customers. Total profit of supply chain must be
proportionally shared between all partners. A very
important component of creating a value in supply
chain is the collaboration between partners. Without
collaboration supply chain does not provide many
opportunities for success. Strong collaboration between partners service to prevent the creation of conflicts in supply chain. The conflicts in supply chain
are inevitable and they could be a great obstacle for
creating value for consumers and making profit.
The existence of supply chains depends on the
development of collaboration between partners
and making an appropriate mechanism for managVolume 7 / Number 4 / 2012

ing conflicts in global economy. A very important
stage in the management of conflicts is disclosure
of all or a number of causes. The goal of this phase
is to avoid conflicts or reduce their consequences
2. The Importance of studying conflicts
between partners in supply chain
Supply chain management is a process that
involves the flow of materials, information and
money from suppliers to manufacturers, wholesalers, retailers and the consumer (Figure 1). Supply chain management involves coordinating and
integrating these flows both within and between
companies [1].
Harrison and Hoek indicate that the relationship
between supply chain members can be of varying
intensity. However, the question what precisely
characterizes strong and long term relationships in
the supply chain arises. The most frequently mentioned characteristics of effective supply chain relationships are: [5]
– Exchange of information,
– Trust and openness,
– Coordination and Planning,
– Sharing of risk,
– Common goals,
– Compatibility corporate philosophy.

Figure 1. Stages of supply chain [8]
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Table 1. Benefits of supply chain relationship
Aspect
FForecast accuracy
Lead time
Inventory
Utilization of resources
Costs
Service levels
People

Benefits
Increased external visibility will produce greater accuracy
Shortens the time of the execution of joint activities and common improvements
Reduced stock levels l
Improved in a leaner operation with less waste
Improved by reducing losses
Increased and improved
Trust and improved relationships

Source: Emmett S., Crocker B., The relationship – Driven Supply Chain: Creating a Culture of Collaboration thought the Chain, Gower Publishing, 2006, p. 132.

Implementing a supply chain should result in the
use of a number of opportunities arising from partnerships with other companies involved in the supply chain. Some of the benefits of supply chain concepts implementation are shown in the table below.
Three key components of supply chain partnership are [3]:
– Trust and commitment
– Collaboration and
– Conflict management.
These components are very important for determining quality of the supply chain partnership
and developing long term relationships. For example, the first component, trust and commitment
are represented by the extent to which a partner
believes that a firm will consider its needs and requirements when setting and deploying its strategies and policies [3].
Collaboration is a component which determines a level of relationship between partners in
supply chain. High level of collaboration depend
on the communication between partners or exchanging information, efficient coordination, trust
and commitment of each supply chain stages.
All partners of supply chain have own goals,
opinions, believes, attitudes, the ways of implementing activities and managing. Differences between them could be the cause of conflicts in supply
chain. Conflict may in fact be functional as well as
dysfunctional [4]. The process of implementation
of supply chain concept and developing partnership
is a very long and difficult one. One of the stages
of this process is defining mechanisms for solving
conflicts between partners. The important characteristics of conflicts in supply chain are [6]:
1810

–– Conflict is inevitable. Conflict is the
natural outcome of interaction between
companies in supply chain. Conflict
exists whenever there is disagreement
and derives from differences in attitudes,
beliefs, and expectations. Conflict can result
from differences in perception as to what
has happened or what needs to be done.
Whenever two or more partners of supply
chain disagree about a decision or action,
conflict exists.
–– Conflict can be positive. Conflicts are not
inherently destructive. Conflict can improve
problem solving, clarify issues or expectations, increase participant involvement and
commitment, and result in making better
decision or outcome. If all partners thought
alike, supply chain would experience little
change. Change that results in improvement
typically grows out of conflict.
–– Conflict can be managed. Managers
should be prepare to manage conflict. All
involved partners must be noted. If partners
ignore an existing conflict, its effects may
be augmented.
–– Conflict resolution is not always the
goal. Conflict resolution is not always the
objective. Conflict management in the
supply chain includes the occasions in
which managers incite conflict to achieve
positive results.
3. The relationship between collaboration
and conflicts in supply chain
The level of collaboration in supply chain depends on trust between partners. The high level of
Volume 7 / Number 4 / 2012
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trust results with better collaboration. The concept
of supply chain is based on three important elements: coordination, cooperation and collaboration (3C). Exciting collaboration in supply chain
has a grand effect on conflicts. The next figure
shows relation between collaboration and conflicts in supply chain.

Table 2. Techniques for solving conflicts
Formal governance

Network governance

Contracts, corporate
law
Procedures and
routines
Specifications and
standards
Budgets

Goal orientation
Mutual trust
Informal communication
Ability to utilize
creativity
Ability to explore
new activity/resource
combinations
Ability to adapt during
the process

Source: Hakansson H., Vaaland T. I., Industrial Marketing
Management, Vol. 32, Issue 2, February 2003, pp. 127-138.

4. Factor analysis of conflict causes in supply chain

Figure 2. Collaboration and conflicts [4]
A low degree of conflict may either cause a
marginal relationship where none of the parties
benefit equally, or that the relationship may be
“nice” in terms of efficient transactions and well
developed institutional mechanisms for handling
“opposition”. With a high degree of conflict and
low degree of collaboration efficiency is challenged [4]. The last quadrant is characterized by
high degree of conflict and at the same time a high
degree of collaboration.
There are a many different ways for solving
and/or eliminating conflicts. All of them could
be a part of mechanism for solving conflicts. The
next table presents two groups of techniques for
solving conflicts.
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The establishment of long-term partnership
could be limited by the frequent occurence of conflicts in supply chain. These limitations could be
eliminated, if their causes are known. In this case,
the conflict could be prevented or, at least, manage. In our research, managers evaluated the following statements:
– The cause of conflict is distrust;
– The cause of conflict is poor communication;
– The cause of conflict is failure to perform
duties;
– The conflicts often occur in supply chains
with a great number of partners;
– The conflicts in supply chains often occur
with foreign partners.
Factor analysis is a method of multivariate
analysis which is used to reduce data sets, through
covariance matrix of original variables [2]. The
objective of factor analysis is a meaningful reduction of the number of variables in a dataset, based
on associations between those variables. In the
process, meaningful dimensions in a set of variables are found, and the number of factor to use in
further analysis is reduced.
The analysis of the causes of conflict between
partners in supply chain allows the selection of
companies from different sectors (primary, secondary and tertiary) with all the stages of the supply
chain: suppliers, manufacturers, retailers, wholesaler, distributors and others. The research was con1811
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ducted on a sample of 20 companies from Serbia.
These companies are divided into two groups with
respective numbers of employees. The first group
consisted of 10 small and medium enterprises with
the number of employees up to 250, while the remaining 10 companies had over 250 employees
and they formed a group of large companies. The
collection of primary data has been done by interviewing managers of these companies.
The highest percent of managers (36%) are satisfied with relationship in supply chain, but they
were also witnesses of conflicts in supply chain.
Surveyed managers have opted for the poor communication (39% of managers) as the most common cause of conflicts in supply chain (Figure 3).
Distrust is on second position as a cause of conflicts with 39%. With 23%, failure to perform duties is on third place.

A great influence of poor communication is the
evidence of the need to implement appropriate information technologies. In Figure 4 we can see that
percentage of supply chains in which all or only
some partners implement some of the information
systems is not negligible (50%). However, as much
as 50% of those who have implemented some of the
information system (most often SAP Sales Management System and Enterprise Resource Planning
– ERP) said that there is poor communication in the
supply chain, it can be concluded that have inadequate information system or they are not used that
information system in proper way.

Figure 4. Impelmentation of information systems
in supply chains in Serbia

Figure 3. Causes of conflicts in supply chains in
Serbia

A factor analysis is only significant if the variables involved are sufficiently correlated to one another. One criterion for determination of degree of
correlation between the variables and thus the applicability of factor analysis is the Kaiser-Meyer-Olkin
Measure of Sampling Adequacy statistics (KMO
statistic) [7]. In this analysis, KMO statistic shows

Table 3. КМО и Bartlett’s Test in analysing of conflict
Kaiser-Meyer-Olkin Measure of Sampling Adequacy
Approx. Chi-Square
Bartlett’s Test of Sphericity
Df
Sig.

.573
31.063
10
.001

Table 4. Communality of variables (conflict causes)
Cause of conflict is distrust
Cause of conflict is poor communication
Cause of conflict is failure to perform duties
Conflicts often occur in supply chains with a great number of partners
Conflicts in supply chains often occur with foreign partners
1812

Initial value
1.000
1.000
1.000
1.000
1.000

Value after extraction
.770
.775
.776
.359
.768
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(Table 3), that implementation of factor analysis is
possible and desirable. This is explained by fulfil requirement that KMO statistic is bigger than 0.5.
The original variables are standardized,and this
is why the variance for each of the variables is equal
to 1. There are as many factors as there are variables,
then all of the initial comunalities are equal to 1, and
for each variable the variance is fully explained. The
values in the column Value after extraction (Table 4)
show which part of the variance of each variable is
explained by given number od factors.
Table 5 represents participation of individual
conflict cause in supply chain (distrust, poor communication, failure to perform duties, great number
of partners, foreign partners). The greatest percent
of the total variance (2.141 and 1.306) which belongs to the distrust and poor communication. The
percentage of those causes in the total variance is
68.93% (42.82% for distrust and 26.11% for poor
communication).
Figure 5 is one of the evidence of previous allegations. Scree plot test showed that the crossover
point are two components, distrust and poor communication. Together those two components exceed the level of variability, or characteristic value
below unit.

Factors which explain the causes of conflict
between partners in supply chain are identified
by factor analysis in Serbia. The first factor is explained by variable with high factor loadings, distrust and poor communication. The second factor
is explained by others variables:
– Cause of conflict is failure to perform duties,
– Conflicts are often in supply chains with a
great number of partners and
– Conflicts in supply chains often occur with
foreign partners.
Squares of factor loading reflect the proportion
of variance of specific variables that are attributed
to the effects of certain factors. For the first factor
it can be calculated as follows:
– (0,876)2 = 0,767376 = 76,74%
– (0,861)2 = 0,741321 = 74,13%
Such results can be analyzed as follows: The
first factor explained 76.74% of the variance variable “distrust” and 74.13% of the variance of variable “poor communication”. It follows that on the
basis of the results presented separate factors can
be interpreted as:
– Distrust and poor communication (in Table
5, component 1) and
– Number and origin of partners (in Table 6,
component 2).
5. Conclusions

Figure 5. Scree plot test in explanation of conflicts in supply chain

Contemporary environment with all its changes encourages more frequent integration of many
companies. The concept of supply chain is something that in modern conditions could not be
avoided; the question is which the best way to implement it so the results would be positive. Many
companies found that the only way to achieve

Table 5. Explanation of total variance causes of conflicts
Components
1
2
3
4
5

Initial value
Total
2.141
1.306
.874
.353
.327
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% Variance
42.826
26.111
17.476
7.055
6.532

Value after extraction
Cumulative%
42.826
68.937
86.413
93.468
100.000

Total
2.141
1.306

% Variance
42.826
26.111

Cumulative%
42.826
68.937
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Table 6. Factor matrix
Components
Cause of conflict is distrust
Cause of conflict is poor communication
Cause of conflict is failure to perform duties
Conflicts are often in supply chains with a great number of partners
Conflicts in supply chains are often with foreign partners

sustainable competitive advantage is through this
form of integration. However, the mere integration of companies to engage in certain activities
is not sufficient for the development of supply
chain. Among the integrated companies there
must be transparency, risk sharing and profit, the
common goal of long-term benefit, and generous
sharing information.
The previous two decades in Serbia have not
created an adequate basis for implementation of
the concept of supply chain. Business environment
is full of mistrust, poor exchange of information,
unwillingness to take risks and intolerance. Establishing trust between stages in the supply chain requires change of this atmosphere. From the foregoing follows that the full implementation of the
concept of chain supply in Serbia requires changes
in business philosophies of the company.
Partners must perceive supply chain as expanding of business and be interested in the establishment of interactive relations. All partners must be
interested in analyzing the conflicts; their causes
which impair relations between them, and for continuous striving to overcome them.
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Abstract
Allocation of construction risks between clients
and their contractors has a significant impact on the
total construction costs. This paper presents a system dynamics (SD)-based approach for quantitative risk allocation. Using the proposed SD based
approach, all the factors affecting the risk allocation process are modeled. The contractor’s defensive strategies against the one-sided risk allocation
are simulated using governing feedback loops. The
full-impact of different risk allocation strategies
may efficiently be modeled, simulated and quantified in terms of time and cost by the proposed object-oriented simulation methodology. The project
cost is simulated at different percentages of risk allocation and the optimum percentage of risk allocation is determined as a point in which the project
cost is minimized. To evaluate the performance of
the proposed method, it has been implemented in a
pipe-line project. The optimal risk allocation strategy is determined for the inflation risk as one of the
most important identified risks.
Key words: Modeling, risk allocation, simulation, system dynamics.
1. Introduction
Risk allocation is the process of identifying
project risks and determining how they may be
equitably and realistically shared by all of the parties in a construction project [1]. Allocation of
construction risks between clients and their contractors has a significant impact on the total construction costs [2].
Traditionally, in construction projects, client
seeks to pass most of all risk to the contractor.
However, one sided attitude regarding risk allocation, which one party tries to dispatch all risk to
other parties, probably result in unfavorable effect
to both transferees and transferrers [2], [3]. Due to
Volume 7 / Number 4 / 2012

one-sided attitude to the risk allocation and unfair
transfer of risks, the parties that these risks are imposed to are forced to adopt defensive strategies
such as lowering the work quality, imposing extensive contingency charges, conservative design
and finally claim, dispute and litigation. These defensive strategies may lead to project delay, project cost overrun and poor quality (Figure1). Risk
allocation strategies should be determined at the inception of the project by the client organization [4].
The risk allocation should be done appropriately
in order to prevent defensive strategies leading to
project delay, project cost overrun and poor quality.

Figure 1. Contractor’s defensive strategies
against one-sided risk allocation [adopted from
(Pipattanapiwong, 2004)].
Risk allocation can be categorized into qualitative and quantitative approaches. The qualitative
approach is considered as standardized form of
contract specifying the obligation of contractual
parties. The qualitative approach leads to the development of the risk allocation matrix, which identifies what type of risk is allocated to whom [5]. The
quantitative approaches of risk allocation have been
developed to overcome the limitation of qualitative
approaches especially the issue of how much risk
should be borne by each party. Most of the quantitative approaches discussed their risk allocation model based on the optimality of allocating the risk [3].
Almost all of the previous researches perform
the risk allocation qualitatively. Lam et al [6] pre1815
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sented a decision model to qualitative risk allocation using the fuzzy logic. Seven risk allocation criteria and a set of knowledge-based fuzzy inference
rules were established and the corresponding risk
allocation decisions between the client and contractor were suggested. Li bing et al [7] explored
risk allocation in PPP/PFI construction projects in
the UK. A questionnaire survey was conducted to
explore preferences in risk allocation. El sayegh
[8] identiﬁed and assessed the signiﬁcant risks in
the UAE construction industry and addressed their
proper allocations qualitatively. Kangari [9] discussed the attitude of large U.S. construction firms
toward risks and determined how these contractors conduct construction risk management based
on a survey of the top 100 large U.S. contractors.
Loosmore [10] analyzed the rationale behind decision about risk distributions between public and
private sectors and their consequences. Loosemore and McCarthy [11] explored differences in
perceptions of risk allocation within the traditional
construction supply chain and a simple risk/role
matrix was developed to indicate who was the best
party to manage each risk.
Although there are several works in the area
of qualitative risk allocation, there exists only
one work in the area of quantitative risk allocation. Levitt and Ashley [2] described a methodology which allocated construction projects risks
quantitatively by a decision analysis model. This
research, however, faced some major defects. The
various factors affecting the risk allocation process
and the defensive strategies which may be implemented by the contractor against one sided risk allocation were not taken into accounted. Moreover,
the dynamic nature of risks throughout the project
life cycle was not considered.
This research presents a system dynamics (SD)
based approach to perform the risk allocation both
qualitatively and quantitatively. The proposed approach resolves the shortcomings of the previous
works. In order to perform the risk allocation using proposed SD based approach, all the factors affecting the risk allocation process are modeled using cause and effect feedback loops. The contractor’s defensive strategies are also simulated. The
developed SD model determines the optimum risk
allocation strategy both qualitatively and quantitatively. In order to determine the optimum risk
1816

allocation quantitatively, the project cost is simulated at different percentages of risk allocation and
the optimal risk allocation is determined as a point
in which the project cost is minimized. To evaluate the performance of the proposed method, it has
been implemented in a pipe-line project. The optimal risk allocation is determined for the inflation
risk as one of the most important identified risks.
2. System dynamics methodology
System dynamics was created during the mid1950s by Jay Forrester [12]. System dynamics is
adequate for the modeling and simulation of systems which are extremely complex, consisting of
multiple interdependent components, are highly
dynamic, involve multiple feedback processes, and
nonlinear relationships with both “hard” (quantitative) and “soft” (qualitative) data [13]. Considering
the complex inter-related structure of different factors affecting the risk allocation process, SD is well
suited to perform the risk allocation process.
SD has been applied in different areas of construction project management [14]. SD approach
describes cause-effect relationships with stocks,
ﬂows and feedback loops [15]. Stocks represent
stored quantities and ﬂows represent control quantities ﬂowing into and out of stocks [16]. Causal loop
diagrams (CLDs) are an important tool for representing the feedback structure of systems. CLDs
are excellent for quickly capturing hypotheses
about the causes of dynamics, eliciting and capturing the mental models of individuals or teams, communicating the important feedbacks believed to be
responsible for a problem [12]. All dynamics arise
from the interaction of just two types of feedback
loops, i.e., positive (or self-reinforcing) and negative (or self-correcting) loops. Positive loops tend
to reinforce or amplify whatever is happening and
negative loops counteract and oppose change [12].
3. Risk allocation process simulation model
The proposed SD based approach performs the
risk allocation both qualitatively and quantitatively. In the qualitative risk allocation, the responsibility of a risk is totally allocated to the contractor
or client. In the quantitative risk allocation, however, the consequences of a risk are shared by all
Volume 7 / Number 4 / 2012
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parties involved in a project and an optimum percentage of risk allocation is determined in which
the project cost is minimized.
To quantify the consequences of different risk
allocation strategies on project objectives first a
qualitative model of the risk allocation process was
developed. The qualitative model of risk allocation
process for the inflation risk, as one of the most important identified risks, is presented in Figure 2. As
it can be seen in this figure, the project cost is consisted of workforce cost, equipment cost and material cost. In the case of occurrence of inflation risk,
the workforce, equipment and material costs will
increase leading to an increase in project cost.
As shown in Figure 2, the amount of cost overrun arising from inflation is shared by the contractor and client based on the achieved risk allocation
percentage. This cost overrun results in deficiency
in contractor’s financial sources (Figure 2). The
amount of deficiency in financial sources depends
on the amount of cost overrun due to the inflation
as well as the percentage of risk allocated to the
contractor. Taking account of the amount of cost
overrun imposed due to the occurrence of inflation
risk, the contractor may implement alternative defensive strategies such as lowering work quality,
claim, dispute and litigation (Figure 2). Moreover,
due to deficiency in financial sources, the contractor has to lower the amount of resources implemented in the work. Therefore, the actual completion rate is decreased and the project duration is
increased accordingly.
Having constructed the qualitative model of
the risk allocation process, the mathematical relationships (model equations) existed between
different factors were determined. So that, the
full-impact of different risk allocation strategies
may efficiently be modeled, simulated and quantified using the proposed SD modeling approach.
The model can simulate the project objectives in
terms of project cost and time taking account of all
factors influencing the risk allocation process as
well as the contractor’s defensive strategies. The
following section explains the qualitative model
shown in Figure 2 in more detail. Some conceptual diagrams have been derived from the model
to explain the model behavior considering the existing reinforcing and balancing feedback loops.
Volume 7 / Number 4 / 2012

Figure 2. Qualitative model of risk allocation
4. Conceptual model of deficit in financial
sources due to inflation
The conceptual diagram of deficit in financial
sources due to inflation and its impact on implemented resources has been presented in Figure 3.
As shown in this figure the occurrence of inflation risk will increase the equipment, material and
workforce cost. Therefore, the contractor expenses increases accordingly which may result in deficiency in financial sources. In the case of deficit
in financial sources, the contractor will decrease the
number of equipment and workforce as well as the
amount of supplied material. Therefore, the actual
completion rate is decreased and the project duration is increased which may lead in client loss. On
the other side, having decreased the actual completion rate means that the work will be executed later
and the contractor expenses will increase due to inflation. These cost overruns may result in more pronounced deficiency in financial sources (DFS) and
hence exacerbate the degree to which the DFS will
affect the performance of the project and a reinforcing loop is constructed (Figure 3).

Figure 3. Conceptual model of deficit in financial
sources
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Traditionally, the inflation risk is totally allocated to the contractor in fixed price contracts. In
the case the responsibility against inflation risk is
shared by the client and contractor, the amount of
payment to the contractor is increased and the deficit in financial sources is decreased accordingly.
Therefore, the negative impacts of inflation risks
on the project duration are decreased.
To evaluate the impacts of different risk allocation strategies on project objectives, a factor
namely “risk allocation percentage” has been defined in the model.
5. Conceptual model of defensive strategies
The conceptual model of defensive strategies
which may be implemented by the contractor
against the one-sided risk allocation is shown in
figure 4. These defensive strategies include lowering work quality, and claim, dispute and litigation.
As shown in figure 3, the occurrence of inflation
risk will increase the contractor expenses which
may result in deficit in financial sources. As a defensive strategy, the contractor may lower the work
quality in order to decrease his expenses (Figure
4). This defensive strategy may reduce contractor expenses. However, lowering the work quality
will increase the flawed tasks. These flawed tasks
may be discovered by the client or may be undiscovered. The discovered flaws should be corrected
by the contractor and increases the contractor expenses and the project duration. Increase in project
duration, may in turn lead in client losses due to
delay in project start-up which increase the project
cost. The undiscovered flaws are not found during
the project construction period and are discovered
later during project operation. The undiscovered
flaws should be corrected by the client and increases the project cost similarly.
6. Model validation and application
System dynamics modelers have developed a
wide variety of specific tests to uncover flaws and
improve models [12]. To evaluate and validate the
SD model four validation tests have been implemented. These tests are boundary adequacy, structural assessment, dimensional consistency and extreme conditions.
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Figure 4. Conceptual model of the defensive
strategies
To evaluate the performance of the proposed
risk allocation model, it was implemented in a 150
km pipe-line project. The contract is on unit price
basis equals to 650000 dollars per kilometer. According to the preliminary estimations, the project
will be executed within 939 days. The inflation is
one of the most important risks identified in this
project. The monthly inflation rate has been predicted as 2 percent. The proposed SD approach
was implemented to determine the optimum percentage of risk allocation.
7. Results and discussion
In order to simulate the impact of different
risk allocation strategies on project objectives, the
mathematical relationships existed between different variables were determined and the quantitative model of risk allocation was built. So that, the
full-impact of different risk allocation strategies
may efficiently be modeled, simulated and quantified on project cost and time.
The actual completion rate of work at different
percentages of risk allocation is depicted in Figure
5. As can be seen in this figure, the actual completion rate is equal to 127 and 160 meter per day at
0 and 100 percent of risk allocation, respectively.
As the amount of risk allocated to the client is increased, the actual completion rate will increase accordingly. The following section explains the reason briefly. As explained before, the occurrence of
inflation risk, will lead to deficit in financial sources.
Therefore, the contractor may decrease the amount
of implemented resources which in turn decrease
Volume 7 / Number 4 / 2012
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the actual completion rate. If a higher percentage
of inflation risk is allocated to the client, deficit in
financial sources will be decreased and the actual
completion rate will increase accordingly.

Figure 7. Total client loss due to delay in project
start-up at different percentages of risk allocation
Figure 5. Actual completion rate of work at different percentages of risk allocation
In Figure 6, the project duration variation at
different percentages of risk allocation is presented. The project duration is varied between 938 to
1032 days, corresponding to 100 and 0 percent of
risk allocation, respectively. As shown in this figure, the project duration is increased as the percentage of risk allocated to the client is decreased.
The reason is that the actual completion rate is
decreased due to the inflation risk as explained before. The total client losses due to delay in project
start-up at different percentages of risk allocation
is presented in Figure 7. As explained for Figure
6, the project duration is decreased as the percentage of risk allocated to the client is increased. The
total client losses arising from delay in project
start-up is therefore decreased. The client losses
due to inflation risk is varied between US$0 million to US$25 million corresponding to 100 and 0
percent of risk allocation, respectively (Figure 7).

The rework cost due to undiscovered flaws is
presented in Figure8. As can be seen in this figure,
the rework cost is maximized when the responsibility of risk is totally allocated to the contractor.
The reason is that in this case the contractor is
faced with losses and deficit in financial sources.
Therefore, the contractor implements the defensive
strategy of lowering work quality in order to mitigate these unfavorable effects. The rework cost is
varied between US$0 million to US$490000 corresponding to 100 and 0 percents of risk allocation, respectively (Figure 8).

Figure 8. Rework cost due to undiscovered flaws
at different percentages of risk allocation

Figure 6. Project duration at different percentages of risk allocation
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Finally, the project cost at different percentages
of risk allocation is presented in Figure 9. As can
be seen in this figure, there is an optimum percentage of risk allocation in which the project cost is
minimized. In the case the percentage of risk allocated to the client is chosen low, the extra costs
imposed due to inflation are mainly born by the
contractor. However, some other indirect costs are
imposed to the client due to the one sided attitude
to the risk allocation. These indirect costs include
1819
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(1) increase in project duration which consequently lead in the employer’s loss due to delay in project start-up, (2) rework costs due to lowering of
work quality by the contractor and (3) the costs
related to the claims lodged by the contractor.
In the other extreme of the diagram where a
higher percentage of risk is allocated to the client,
the extra indirect costs imposed due to the one sided risk allocation are decreased. However, in this
case the costs induced from the inflation risk are
mainly born by the client resulting in an increased
project cost. Therefore, there exists an optimum
percentage of risk allocation between these two
extremes in which the project cost is minimized.
The optimum percentage of risk allocation to the
client is 45%. The project cost is minimized at
this percentage of risk allocation which is equal to
US$116071000 million (Figure 9).
To appreciate the performance of the proposed
model which fully considers all the influencing
factors as well as the contractor’s defensive strategies against one sided risk allocation, another version of the model was also developed that disregards the contractor’s defensive strategies (Figure
9). In the case the contractor’s defensive strategies
are disregarded, the optimum percentage of risk
allocated to the client is chosen incorrectly as 0
and the significant indirect costs imposed to the
client are not taken into account.

Figure 9. Project cost at different percentages of
risk allocation
It should be mentioned that the achieved concave shape of the project cost diagram is not general and may vary depending on the nature of the
selected risk as well as the specific project data
used for the modeling and simulation of the risk
allocation process.
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8. Conclusions and remarks
Allocation of construction risks between clients
and their contractors has a significant impact on the
project cost. Traditionally, in construction projects,
client seeks to pass most of all risk to the contractor.
Due to One-sided attitude to the risk allocation and
unfair transfer of risks, the parties that these risks
are imposed to are forced to adopt defensive strategies such as lowering the work quality and claims,
dispute and litigation. These defensive strategies
may lead to project delay, project cost overrun and
poor quality. The previous researches carried out in
the area of quantitative risk allocation did not account for defensive strategies which may be implemented against one sided risk allocation. Moreover,
the various factors affecting the risk allocation process were not considered. This research presented a
system Dynamic (SD) based approach for quantitative risk allocation, which resolves the major shortcoming of the previous works.
In order to perform the quantitative risk allocation, first a qualitative model of risk allocation
process was built. All the factors affecting the risk
allocation process as well as the contractor’s defensive strategies were modeled using cause and effect
feedback loops. Then, the mathematical relationships existed between different factors were determined and the quantitative model of risk allocation
process was built. Having constructed the quantitative model of the risk allocation process, the fullimpact of different risk allocation strategies (different percentages of risk allocation) can be modeled,
simulated and quantified on project cost and time.
The applicability and performance of the proposed method was evaluated by its implementation in a pipe-line project. The optimum risk allocation strategy was determined for the inflation
risk as one of the most important identified risks.
The project cost was simulated at different percentages of risk allocation and the optimum risk
allocation strategy was determined as a point in
which the project cost is minimized.
It is traditionally believed that the project cost
is minimized when the responsibility of risks is totally allocated to the contractor. However, the results
achieved by the proposed SD model revealed that the
project cost is minimized at 45 percentages of risk
allocation. The reason is that when the responsibility
Volume 7 / Number 4 / 2012
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of risk is totally allocated to the contractor, this party
may implement defensive strategies such as lowering the work quality and lodging claims, which are
not taken into account in the traditional approaches.
These defensive strategies lead in project cost overrun, project delay and poor quality, which increases
the project cost accordingly. To appreciate the performance of the proposed model which fully considers
all the influencing factors as well as the contractor’s
defensive strategies against one sided risk allocation,
another version of the model was also developed that
disregards the contractor’s defensive strategies.
Using the proposed SD approach, the optimum
risk allocation strategy could be determined for
each of the identified risk. It is believed that the
proposed SD approach can determine the optimum
risk allocation strategy efficiently since all the factors affecting the risk allocation process as well
as the contractor’s defensive strategies against one
sided risk allocation is taken into account.
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Abstract
This paper presents the importance and specifics of applying the concept of target costing as an
instrument of formation the realistic selling prices,
improving competitiveness and managing business
performance in retail companies. We strive to present complex - both theoretical and empirical - dimensions of applying the concept of target costing
in retail companies. Within this framework we indicate not only the advantages but also certain limitations of applying the concept of target costing in
retail companies. The reports are based on the analysis of the original practical examples, mainly retail
companies from countries with developed market
economies, in which the concept of target costing is
substantially applied, especially in new services and
products development, as it is the case, for instance,
with the famous Swedish furniture company IKEA.
Theoretical and practical knowledge systematically
developed in this work should primarily serve as a
fundamental framework for efficient application of
the concept of target costing as a function of determining the realistic selling prices, improving competitiveness and business performance of modern
retail companies. This is particularly true of retail
companies in countries where the application of new
concepts of cost management, including the calculation of target costs, is made only to a certain extent,
as is the case with Serbia and many other countries
in the region and beyond.
Key words: target price, target profit, target
cost, value creation, competitiveness.
1. Introduction
The main business objective of retail companies
is achieving the highest possible profit coupled
with the meeting of needs and wants of customers. Target profit can be achieved with products
and / or processes innovations. Product innovation
shifts demand curve to the right, that is affects the
1822

increase in sales revenue. Process innovation reduces the costs. All this reflects positively on the
achievement of the target profit.
Also, the target profit can be achieved with
more efficient management of revenues and expenses. Opportunities to increase profits with effective revenue management are limited because
the uncontrolled selling prices increase can affect
the reduction in sales volume in retail companies.
Opportunities to increase profits by effective cost
management are by far greater when facing strong
competition. Many new concepts of cost management have been developed for these purposes,
primarily based on market principles, oriented towards creating added value and they are fully applicable, with certain adjustments in accordance with
the specifics, to retail companies (Blocher, 2008).
Such is the case with the concept of target costing.
The concept of target costing is very important
instrument of overall business performance management (revenue, expenses and profit) in modern
companies. It is because of its importance widely
used in industrial companies, especially when
developing new products. Unlike manufacturing
companies, in service companies, including retail,
it is used significantly less due to the specific nature of their business.
This paper is particularly indicative of theoretical framework, specific issues, the importance and
purposes of applying the concept of target costing in retail companies as a function of formation
the realistic selling prices, their competitiveness
improvement as well as overall business performance. By its nature, it belongs to the very important instruments of forming the realistic prices
of new products / services in retail companies at
the same time respecting the three key factors:
customers, competition and costs. Also, by implementing this concept the efficiency of managing
relationships with customers, suppliers, supply
chains, inventory, product life cycle, the value
Volume 7 / Number 4 / 2012
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chain and overall costs reduction can be significantly improved. All this has positive effect on
overall business performance of retail companies.
The concept of target costing in this paper is researched in detail from the perspective of forming
the realistic prices in retail companies. Emphasis is
on the determinants, the methodology of calculating, the structure and the manner of achieving the
target costs, as a “permissible” in retail companies.
Within this, the concept of target costing is also
seen as an instrument of effective overall business
performance management in retail companies.
Theoretical and practical elaborate solutions to
the problem of applying the concept of calculating
the target costs in creating the strategy and pricing
policies in retail companies from countries with developed market economies should serve as a theoretical and methodological basis for the satisfactory
solution to specific practical problems in this area.
This is especially true of those retail companies that
have yet to think about the possible application of
the concept of target costing in order to improve
business efficiency or its application is still in early
stages, as it is the case in many developing or transition countries, including Serbia.
2. Literary Review
There is very rich literature in the West that
deals with the problems and the effects of applying the concept of target costing in companies. It is
mainly theoretically and practically devoted to the
effects and limitations of applying the concept of
target costing of production companies (Horngren,
1999, Blocher, 2008). However, few studies were
conducted in field that tackles the problems and the
effects of applying the concept of target costing in
retail companies (Krueger, 2006, Gopalakrishnan,
2007, Rudramurthy, 2007), especially in developing countries and transition economies, as it is the
case with Serbia and other countries in the region.
Beginning doing so, using all available theoretical and empirical knowledge obtained during
the basic study of the scope and limitations of
the concept of target costing in the West, special
attention in this paper is paid to the analysis of
problems and the effects of applying the concept
of target costing in retail companies, with special
emphasis on Serbia. In addition, indication is proVolume 7 / Number 4 / 2012

vided about the obvious fact that Serbia has a long
history of application of “special option” - the
concept of target costing in forming realistic, so
called, “unique market prices of goods” in retail
companies (Lukic, 2011).
3. Hypotheses, methodology and empirical
data
The problems of target costing are current,
complex and can be studied from different perspectives. This paper primarily tests following hypotheses:
– The first hypothesis (H1): The role of target
costing in the formation of realistic market
prices of goods in retail.
– The second hypothesis (H2): Benefits and
limitations of target costing as an instrument
of managing profits in retail.
– The third hypothesis (H3): The possibilities
of applying modern techniques in total
expenditures dynamics and structure control
with the view to achieve the “allowed”
target cost in retail.
All three hypotheses are function of the fourth
hypothesis (H4): The impact of target costing on
improving competitiveness and overall business
performance of retail companies.
Relevant cost methodologies were used in evaluating given hypotheses, such as: the methods of
market pricing of goods in retail, analysis of the
value chain, product life cycle costing, cost reduction methods such as value engineering, kaizen, etc.
On the basis of applicated methodologies research is conducted both on the hypothetical as well
as on the original empirical data, primarily from the
practice of retail companies from the countries with
developed market economies, such as IKEA.
4. Results
4. 1. Theoretical basis of the concept of target costing
The concept of target costing is, by definition,
systematic process of cost management and profit
planning. The fundamental principles of the concept of target costing are (Swenson, 2003):
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technics technologies education management

1. Price-led costing. Market prices are used to
determine “allowable” or target costs. Target
costs are determined by the formula: market
price - required profit margin = target cost.
2. Focus on customers. Purchaser requirements
of cost, quality and time are simultaneously
involved in deciding about a product,
process and guidelines for cost analysis.
Customer value should be higher than the
cost of providing the desired functional
characteristics of the product.
3. Focus on design. Effective cost control
is especially important in the stage of
designing products and processes. All
“engineering changes” done before the start
of production should result in lower costs
and reduce delivery time of new products
on the market.
4. Cross-functional involvement.
Crossfunctional team for product development
and process improvement is responsible
for the efficient operation of the whole
flow, from the initiative through to final
production and final sales.
5. Value-chain involvement. All members
of the value chain - suppliers of goods,
distributors, suppliers of services and
customers are involved in the systematic
organization of calculating the target cost.
6. A life-cycle orientation. Product life cycle
costs are determined by: research and
development, design, production, marketing,
distribution and customer servicing. The
first two activities are “upstream” and the
last two are “downstream”.
The calculation of target costs is particularly evident in the life-cycle cost design stage. Total lifecycle costs are minimized for both the producers
and the buyers. Life-cycle costs include: purchase
price, operating costs, support and distribution
costs. (From time perspective, selling products or
services has following phases: introduction, growth,
saturation and decline. Profit is different at different
stages and highest in the stage of maturity.)
So, by their nature, the target costs are “marketderived costs”. They are determined by subtracting desired profit margin from the market price of
the product. Desired (target) profit margin can be
1824

expresses as desired profit from the sales or as desired profit from the assets. The first is short and
the second is long-term measure of effectiveness
of strategic management, marketing, product profitability of the retail company.
Target costing is mainly used in the development of new products or services. By re-designing a new product or process there is a tendency
for costs to be below or at the level of target costs.
The calculation of target costs is also used with
existing products / services when adjusting their
prices to the real market, in accordance with what
is customer willing to pay (if price correspond to
customer perception of value).
There is a correlation between the concept of
target costing and many other modern concepts
of cost management. This particularly applies to
value engineering, kaizen and operational control.
Value engineering is used to identify ways to
reduce product cost by analysing possible substitution between different product characteristics
and the structure of its total costs (Blocher, 2008).
The concept of Kaizen (which is defined as continuous improvement by introducting new production methods and management techniques such as
operational control, total quality management, theory of constraints, etc.) is used to reduce costs after
each (new) product re-designing (Blocher, 2008).
What are the primary reasons for using the concept of target costing? It is considered, both in
theory and in practice that the main reasons for
application of concept of target costing are: cost
reduction, customer satisfaction, quality control,
timely introduction, profits and organizational performance improvement (Kwah, 2004). Successful implementation of the concept of target costing
contributes to reducing costs, cost disclosure and
understanding of its dynamics and structure, continuous improvement / competitiveness strenghtening, improving communication and early involvement, improving design and responsability
(Ellram, 2000). With the benefits presented the
concept of target costing is among the most effective instruments of improving competitiveness
and overall business performance of companies.
However, it has certain weaknesses. They are
manifested in the following: the system is not
fully known and it is irrelevant for some companies (such as banks and insurance companies), it
Volume 7 / Number 4 / 2012

technics technologies education management

is very complex, expensive and cause additional
strain on managers of companies (Kwah, 2004).
Due to the complexity and specificity of the nature of business the concept of target costing is less
applied in the service sector, including retail, rather
than in manufacturing sector. Some service companies use a modified version of the concept of target
costing due to the fact that the target costs are not
directly related to the target selling price of goods
or services. In service companies the concept of
target costing can be very useful as an instrument
of efficient supply management and (in some) as
a way of improving organizational processes efficiency. There are some limitations to successful
implementation of the concept of target costing in
service companies. In general, the cost of procurement in the services sector expressed as a percentage of total costs are lower than in the manufacturing sector. As a consequence, the concept of target
costing is of less importance and potential contribution compared to functions (concepts, systems,
organizations) of external supply management.
In addition, there are in the service sector some
difficulties of direct determination and coordination
of the purchase prices for individual items depending on their target sales prices which are acceptable
to customers. It is caused by the fact that certain
items in retail businesses are treated as “basic service” that is sold to customers. In some cases, suppliers themselves dictate the purchase price.
It is not easy to determine demand for services
when they are projected, due to their specifics. Unlike normal products, services do not have regular
functional changes and added value characteristcs.
In the retail sector the value is only created on
the basis of performance of certain “manufacturing operations”. In conducting a “clean” operation the value already created in the manufacturing sector is being used. This fact must be borne
in mind when developing organizational system
of target costing in retail companies in order to
improve their business performance.
4. 2. The process of determining target costs
The process of determining target costs is complex and goes through several stages. Figure 1
shows the general process of identifying the target
companies’ costs in the United States.
Volume 7 / Number 4 / 2012

In accordance with the above shown general process of determining target costs in companies Table
1 illustrates the determination of target costs of the
new products in consumer products companies.
Table 1. New product target cost
Target selling price
Desired contribution margin (46%)
Target cost (Variable costs)

$ 1.52
0.70
$ 0.82

Source: Gopalakrishnan (2007)

Data presented in the given table clearly show
that target cost of a new product is obtained by subtracting desired contribution margin from the target selling price, which in a given case is 46% of
the selling price. The target costs are in this case
presented only to the amount of “allowed” variable
costs. Table 2 shows the components of the target
cost for vitamin E product.

Figure 1. Setting target cost in the USA
Source: Kwah (2004)

In the concrete case the gap between preliminary estimated costs and target costs is small.
There might be slight reduction in costs only within the formula and new product processing. All
participants involved in the development of new
products should strive to achieve the target costs.
If it is found that they are not realistic, it is necessary to reduce them to the acceptable and permissible level during the process of new product development. Table 3 shows the general worksheets
for calculating the target cost.
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Table 2. Target cost components for vitamin E product
Formula
Bottle
Pump
Label
Corrugate
Other (Pallet and stretch-wrap)
Processing (Primarily labour and overheads)
Total

Preliminary cost estimates
$ 0308
0.155
0.140
0.060
0.026
0.002
0.329
$ 1.020

Target costs
$ 0.301
0.155
0.140
0.060
0.026
0.002
0.136
$ 0.820

Cost gap
$ 0.007
0.000
0.000
0.000
0.000
0.000
0.193
$ 0.200

Source: Gopalakrishnan (2007)

Table 3. Target cost calculation worksheet
Target cost calculation worksheet
Sign
=
=
=
-

=
=

Price / cost element
Estimate % Factor Per unit factor
Manufacturer’s suggested retail price
Standard dealer margin
30%
$Costs for retailers
Retailer shipping / distribution costs
0%
$ 15.00
Retailer selling price
Distribution costs / mark-up
15%
$Shipping / logistics costs to distribution center
0%
$ 17.00
Manufacturer’s selling price
Profit margin
8%
$Warranty cost
2%
$Corporate allocations cost
10%
$Selling, general & administrative business unit costs
12%
$Non-recurring development costs
1200000
Estimated production volume
200000
Allocated non-recurring development cost
$ 6.00
Business unit target cost
Overheads
45%
$Direct target cost (labour & material)

Amount
$ 495.00
$ (148.50)
$ 346.50
$ (15.00)
$ 331.50
$ (49.73)
$ (17.00)
$ 264.78
$ (21.18)
$ (5.30)
$ (26.48)
$ (31.77)

$ (6.00)
$ 174.05
$ (78.32)
$ 95.73

Source: From Kenneth Crow, Target Costing, DRM Associates (www.npd-solutions.com/target.html)

It is, as seen from the table, based on the general principles of calculating the target cost which
are applicable, with certain adjustments, to all
companies that have the possibility and purpose to
introduce them.
4. 3. Determining the sales price based on
the calculation of target costs in retail
Sales price plays a significant role in creation
of market share, both overall and specific product
or service market share. Key factors affecting the
selling price are demand and supply, ie customers,
competitors and costs (Rudramurthy, 2007).
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Buyer’s impact on the price is expressed through
the demand. The high price may discourage customers from buying the company’s products and
redirect them to the product or service substitutes.
Under the conditions of strong competition,
as it is the case in the retail market, prices must
be aligned with the same or similar competitors.
Otherwise, they might be unacceptable to customers, what negatively affects the business performance of retailers.
Costs are significant factor in retail pricing.
They are reflected on the supply side. Lower costs
mean lower prices and higher supply of company’s products for which there is demand. IdentifyVolume 7 / Number 4 / 2012
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Table 4. Pricing methods in selective countries
Method
Market based 2
Cost based

US
2
1

India
1
1

Japan
1
2

Ireland
1
2

UK
1
2

Serbia*
2
1

Note: 1 more significant.
Source: Rudramurthy (2007); * Knezevic (2010) and Lukic (2011).

ing and understanding the cost structure and their
classification is very important in determining the
actual prices of products and maximizing the company’s operating profit.
From a time perspective, the retail price determining may be short and long term. Short term (a
period up to one year) includes deciding on oneoff special order prices and adjusting product mix
and volume of output in a competitive market.
Long term includes a period of one year or longer
and refers to the free determination of prices on
the main target competitive markets, depending
on the assessment of key factors intensity impact
(customers, competitors and costs).
Depending on supply and demand for products
or services, the calculation of target costs is significant because of the market-based approach in pricing in retail. The target price is the estimated price
for the goods or services which potential buyer is
willing to pay (in accordance with his perceptions
of their value), together with reactions of the competition. Companies assess customers’ needs and
perceptions of the value of products or services and
on that basis they determine the target selling price.
The calculation of target costs is an indirect
method of calculating costs in comparison with
the traditional method of “cost plus”, viewed in
the context of determining the selling price. In the
traditional method of “cost plus” the retailer determines the selling price by adding a certain percentage of margin or profit to the total cost. It is,
therefore, the cost approach in establishing the retail price. The specificity of the “cost plus” method in retail, in relation to production, is that the
calculation of the price of total cost is performed
only to the purchase price while the principle of
“margin elasticity” is applied from the purchase
price to the sale price (Lukic, 2011).
According to the concept of target costing, selling price is determined on the basis of an assessment of readiness of a buyer to pay the perceived
attributes of products and subtracting target opVolume 7 / Number 4 / 2012

erating margin from it (target costs = target price
- target operating margins). It is, therefore, market-based approach in which retailers continually
search for realistic prices acceptable for customers
to which competitors can not respond quickly.
Individual countries apply, as it is known, different approaches to pricing (Table 4). Cost approach
to the formation of prices is far more important in
the United States and India than in Ireland, Japan
and the United Kingdom. In other words, in the
United States and India sales prices are primarily
formed on the basis of the cost approach in contrast
to Japan, Ireland and the United Kingdom where
the sales prices are primarily determined on the basis of the market approach (target price). Japanese
companies make extensive use of value engineering
and design when assessing the “allowable” costs.
According to the results of empirical research,
the cost approach to selling prices formation is
primarily used in Serbia, particularly in industrial
companies (Knezevic, 2010). Retail companies,
according to our estimate, use cost and market
approach in retail pricing, especially for products
with a “unique market value” (Lukic, 2011). Market approach is regularly used in planning calculations of import and export prices in order to assess
their profitability (Lukic, 2011). Special model of
the target market pricing in retail is developed and
shown in Figure 2.
According to the market-based approach to retail sell pricing, price is determined by the market depending on the relationship between supply and demand and customer’s willingness to
pay. Expected operating margin is kept constant.
The retailer needs to adjust the target cost with
(determined by the market) target sales prices.
They are, in fact, determined by the formula: Target cost = Target price - Target operating margin.
Value engineering technique is used to control the
target cost. Value engineering is classified into:
design engineering and process engineering. Design engineering is a process in which the product
1827
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design is re-examined. Process engineering is a
process of complete revision of the efficiency of
the production process.

Figure 2. Retail target pricing model
Source: Rudramurthy (2007).

Costs can be further reduced with the review
of activities that add and not add value. Activities that add value are those in which reduction or
elimination has an impact on the decrease of value
or benefits that customers can get from using the
product or service. Typical examples are: product
quality, after-sales service, warranty, durability,
reliability and so on.
Unlike them, activities that do not add value are
those in which reduction or elimination does not reduce the value or utility that customers receive from
using the product or service. Typical examples are:
secondary packing, fancy display, air-condition and
so on. With complete elimination or minimization
of activities that do not add value achievement of
target costs could be implemented. Since customers
do not want to pay the costs of these activities, costs
elimination / minimization will bring the optimal
product or service utility for the customer at a given
level of the target selling price.
If the retailer can not achieve the total target cost
even after eliminating activities that add no value,
then the operating margin is being corrected (reduced) in order to maintain the products or services
price competitiveness on the market, before the corrections(increase) are made in sales prices.
Based on the analysis of presented model of the
target retail price formation it can be concluded
that they are determined by many factors. The key
factors are the following (Rudramurthy, 2007): 1)
identifying the needs of potential customers and
1828

their perceptions of product and/or services value,
2) expected competitive pricing strategies, which
may affect demand, through the substitution of alternative products, 3) expected operating margin,
4 ) understanding of the complexity of the study
of value e ngineering in the context of products
cost analysis, 5) the differentiation of costs: costs
of activities that add and not add value, 6) minimizing or reducing activities (components) that
do not add value (and cause the cost), 7) reducing
the activities that cause costs and do not add value
results in a reduction of total costs, which allows
the company (retailer) to achieve the target cost, 8)
if the target costs are not yet attainable by applying the relevant techniques (mentioned above) it is
proposed to reduce operating margins, before the
correction of the target selling price.
Effective application of the presented model of
the target retail pricing allows the retailer to improve competitiveness and thereby achieve greater market share than the existing. It has a positive
impact on its overall business performance.
Problems of application of target retail pricing
model are manifested in the fact that it is very difficult to identify the costs structure and classify it
towards the target criteria, alongside the reduction
of activity that add no value isn’t the only factor
in target costing. Following factors could also be
included: effective customer and supplier relationship management, supply chain management, human resources management and, in particular, the
use of m o dern information and communication
technology. So, for example, application of radio frequency identification (RFID) has following
benefits : more efficient inventory management,
security improvement, operational efficiency improvement, increased visibility, reduced costs, improved information accuracy, improved customer
service levels and increased sales (Bhattacharya,
2008). B esides, the problem is also reflected in
the retailer’s willingness to more efficiently apply
presented model of the target retail pricing.
In order to efficiently use the concept of target
costing , considering its strategic-managerial importance, it is necessary to more efficiently remove
the given limitations. In this regard, it is necessary
to diff e rentiate retailer’s customers towards the
perception of product characteristics and adapt it
to the specific characteristics of particular retailer.
Volume 7 / Number 4 / 2012
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4.4. Models of target sales prices in Serbia
Serbia has a long history of applying the concept of target costing in pricing (Lukic, 2011). It is
regularly used with making planned imports and
exports price calculations. On the basis of it, the
assessment of economic feasibility is provided import and export profitability of particular product or service.
Special variant of applying the concept of target
costing in Serbia is with the “unique retail price”
products, which is determined either by the state
or the suppliers themselves who want to control
the final price of their products. Retailers of these
products are approved by a certain percentage in
the name of profit margins, known as - the rebate,
for the purpose of covering operating costs and
certain profit achievement. In this case, the structure of retail price is as follows: retail price - VAT
= sales price - rebate = purchase price - purchase
costs = invoice price. Since the rabate is fixed, in
order to make more profitable business, retailers
must exert control over the purchase price and operating costs (in this context observed as the total
target cost components).
In our opinion, the retail companies in Serbia should apply the concept of target costing in
product and services pricing to a greater extent,
in developing new as well as existing products,
in a theoretical and metodological manner above
mentioned. The ultimate effect of this is: improving competitiveness and overall business performance. Parallel to this concept, they should apply
and other contemporary (related) concepts of cost
management (Blocher, 2008) in order to reduce
costs and increase profits as the primary objective of business, with the maximum satisfaction
of consumer (and other interest groups) needs. In
operations they must also respect the concept of
social responsibility and, especially in times of
economic crisis, the social aspect (in the spirit of
the concept of the added value distribution).
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5. Conclusion
The concept of target costing is fully applicable
in retail companies. In addition to certain limitations, its importance is multiple. It contributes to
improving relations with customers, more realistic
determination of the market price, the real estimation of the expected profit margins, efficient cost
control - identifying structures and their classification as a function of reduction of costs, the successful application of (connected) contemporary
cost management concepts (such as total quality
management, life-cycle costing, value chain analysis, value engineering, managing activities of
eliminating or minimizing those that do not add
value and cause costs and other), improving competitiveness and overall business performance.
In the application of the concept of target costing
the sales price setting is based on the market approach. Target costs are determined by the market.
They are very important tool when developing (for
the purpose of profitability assesment) more realistic planned (expected) import and export prices
of products and services. They could be used as a
basis for establishing the realistic “uniform retail
prices” either by the state or the manufacturer, especially because they are market-based.
By its essence, it can be finally concluded that
the concept of target costing is among the most effective tools of modern retail companies’ strategic
management. It contributes to the improvement of
competitiveness and their overall business performance. For these reasons, it is increasingly used in
modern retail companies. This is especially applicable to the retail companies in Serbia which are,
to our knowledge, in the stage of “considering”
the possible applications.
In formation of prices the cost approach is
mainly used in all companies in Serbia, including
the retail sector. In the future, the concept of target costing, which is based on market approach,
should be, in our opinion, more used as an instrument of efficient price management in retail companies in order to improve their overall business
performance.
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Abstract
Paper is based on premise that multi-sectoral approach and multifunctional agriculture in rural areas
are necessary in terms of economical and social restructuring of family’s agriculture within local and
regional market possibilities. The aim of the present
research is to identify the basic economic activity
through multi-sectoral approach of multifunctional
agriculture for successfully adjustment of family’s
agriculture and rural areas, which would provide
their easier integration into overall agricultural and
rural development. For the purpose of research
implementation, the field research was carried out
in selected villages on representative sample which
was including 200 examinees who are holders of
agricultural households. In this paper, we came to
conclusion that it is important to develop new agricultural structure, introduce new market models,
apply system of financing and crediting, introduce
exchange market, draft new model of agricultural
cooperative, build concept of rural development,
harmonize agricultural legislation with rules and
standards of European Union, in other words, create European agricultural model. Also for effective
use of own funds and funds of EU it is necessary
to apply multi-sectoral approach of management of
human and natural resources for rural development
at local level. Concept of multifunctional in agri
culture is connected to the market production by
diversification of activity of multifunctional agricultural household, and in rural area it is connected
to doing multifunctional activities of agricultural
producers and other participants in rural economy
independently from agricultural production.
Key words: multi-sectoral approach, multifunctional agriculture, rural development
1. Introduction
Rural development implies integrated management of natural resources in sustainable manner
Volume 7 / Number 4 / 2012

(harmonization of economical, social and environmental principles) in rural areas. Policy of rural development presents program of activities,
which are directed toward the needs of rural communities. Rural development presents response to
pressure, which is followed by modernization of
European agriculture. Rural development is reconstructing of economic base of rural economies
in transitional countries, which is disturbed. Also
rural development is restructuring of agricultural
entrepreneurship. When we are talking about transitional conditions of agriculture in Federation of
Bosnia and Herzegovina (FB&H), we are able to
notice that conceptualization of modern agriculture households is very slow and also it isn’t satisfactorly. Main feature of FB&H agriculture in
the future will be based on small and mid-sized
agricultural households. Elements of production
diversity and extensively will be kept for a while
with relatively higher number of people in rural
areas. Assumption of conservation and restoration
of rural communities are: size of population, lower level of specialization of production, and especially preserved traditional elements of solidarity,
participation and identification of residents of rural areas with their community. Also, there is possibility to develop a new content of rurality, which
is based on natural, technical and other aspects of
new rurality and agricultural population, which
also means occasionally dealing with agriculture
or casual country life, but with relatively new socio-cultural patterns. In this context, much more
people could be related to village, either to work
and produce there, but don’t live there permanently,
either to live in countryside but don’t be involved
in agriculture, and that is increasingly encountered
in developed world. This can be achieved by modern forms of ruralization or neo-ruralization which
can be used as possible theoretical redefinition of
current rural paradigms, especially in connection
to theories of modernization. In the profiling pro1831
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cess of rural areas, rural institutions could be of
great use, and have to be developed and adapted,
with forming the new ones. From the beginning of
development of European idea about unification,
the Common Agricultural Policy (CAP) has been
representing the way of achieving and also it was
the most powerful instrument of integration. From
the Treaty of Rome signed in 1957., psysiognomy and instruments of CAP have experienced a
substantial change which is contained in premises
of common market, financial solidarity and tendencies towards the establishment of EU. Simultaneously with development of CAP, transitional
countries were orientated towards the adoption of
standards, which are presenting base of common
agricultural policy and way of assuagement of integration into EU. The former course of transitional process of agriculture in FB&H didn’t solve the
most pressing agricultural problems, and on the
other hand it has sharpened them. Rural area is affected by economic impoverishment, insufficient
utilities and social infrastructure. Fragmented and
on irrational way parceled estates are unprofitable
and doesn’t provide an opportunity for development of commercial agriculture.
2. Theoretical background
Changes in spatial schedule of economic activities and population throughout whole Europe
are determining importance of rapid growth of urban areas, while survival of traditional structure
and organization of rural areas are constantly put
in a question, especially if they are based on primary sectors such as agriculture and non-agricultural. This restructuring implies difficulties and
uncertainties in relation to social and economic
prospects of these areas. Although issue of rural
development isn’t new, it is becoming more relevant because some activities, which previously
were in centre of life of rural communities, are
loosing on their strength. Urban centers in rural
areas don’t have such dimensions by which they
would have hierarchical influence on their own
periphery.. Developed and transitional countries
of Europe are reaffirming role of agriculture in
functioning of life in rural areas, by emphasizing
importance of multifunctionality of agriculture.
By facing with requisite of bigger investments in
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agriculture and routing of new investments in underdeveloped rural areas, firstly transitional countries need to realistically evaluate their potential
and limitations in this area. Conditions for further gradually increasing of employment in rural
areas need to be provided by general economic
development, along with respect to measures for
modernization of agricultural households, as part
of integrated rural development. Based on practice of developed countries, who have decades
of experience in maintaining of required level of
population in rural areas: rural areas need to be
defined; then consistently and systematically implementation of program, according to concept of
integrated rural development need to be provided,
and this implies that rural development is set of
policies, measures and activities whose goal is to
have comprehensive economic, social and cultural progress of people in rural areas. All of them
are being planned and implemented with respect
to the principles of sustainable development with
preserving and enhancing the quality of environment [1]. Dynamic processes which are occuring
in rural economy should contribute to standardization and stabilization of total income in rural
areas [2]. Rural development policy should not be
considered as part of agricultural policy because
agricultural policy presents only one element of
an integrated rural development policy [3]. Rural
development policy therefore, has to lead towards
several basic criteria’s: territorial approach instead
of sector approach, stirring networking and forming cooperative relation
ships, concentrating on
collective efficiency instead on individual, multisector approach to integral development, stirring
development “down” on endogenous resources,
preserving local identity and social capital, stirring
innovation and promoting completion with quality
instead with quantity [4]. Support of agricultural
production won’t provide quality of rural development, while high-quality multi-sectoral rural development could ensure survival and quality lifting of agricultural sector. International experience
shows that successful communities are those that
have managed to preserve its environment with simultaneous creatively adaping to external changes
[5]. Rural development programs should be directed to securing of jobs and living conditions for
all, including small households [2]. The new EU
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rural development policy is based on four shafts:
increasing of agricultural competitiveness, managing on land on an environmentally acceptable
and sustainable manner, improving the quality of
life in rural areas and implementing of these activities through entrepreneurial initiative in rural area
on “bottom-up” and “top down” principles [4].
Recognizing of the importance of reviving of rural areas through development and introduction of
new, non-agricultural activities and revitalization,
in terms of sustainable and overall development is
contained in implementation of measures of agricultural and rural policy [6]. Civilizational and
historical processes of de-agrarization, deruralization, industrialization and urbanization, which are
presented at certain stages of development in all
parts of the world, had very selective and negative
effect on development of Bosnian countryside. In
this research, we started from theoretical point of
multi-sector approach to rural development, and
then we comprehended multifunctionlaty of transitional countries. Complete theoretical approach
was carried out on research of multifunctionality
of agriculture and multi-sector approach to rural
development in FB&H. In that context, it was
found that a large number of people who are living
in rural area of FB&H aren’t engaged in agricultural or non-agricultural activities and they actually present brake to development of rural areas.
Rural areas in FB&H during second half of 20th
century was shaped on paradigm of city - village
confrontation, in d ustrialization and de-agrarisation, public and private ownership, big agricultural households and small agricultural households.
That paradigm has excluded and anticipated integrated and multi-sector complementary development within the city.

socio-logical characteristics of rural areas, by using
variables such as agricultural population, persons
with their own in c ome, active population, active
population in agr i culture, households dependence
on income from agriculture, households with mixed
source of income, land area which is owned by family and more. Because of complexity of research,
which includes cr e ation of multi-sector model of
restructuring of a griculture households, specially
designed questionnaire were made, and questions
have been grouped and coded by responses for the
purpose of data processing. Also, in order to gain
representative mu l ti-sector model, in-depth questionnaire has been used, by which we were able to
define structure of agricultural production and additional activities for the purpose of allocation of agricultural resources and ensuring of parity of income.
By applying of method of processing data, research
results are presented in tables and graphs, and trends
and forecast of models of production and consumption and other i n dicators were analyzed by using
statistical software Statistics for Windows Version 5
and SPSS for Windows Version 20. In addition, pilot
research also was conducted to determine validity
and comprehensibility of questionnaire and to determine a representativness of sample.
4. Empirical research
The base of impl e mentation of empirical research was to ga i n insight into socio-economic
characteristics o f holders of agricultural households in FB&H.
Review of structure and representation of holders of agricultural households by cantons in FB&H
is given by Figure 1.

3. Research methodology
Research of restructuring of agricultural households is conducted in two phases. In the first phase,
we were collecting old and new data about population and resources of rural areas of FB&H, in order
to be able to more clearly understand the tradition,
but also to define a model of integrated multi-sector
restructuring of spatial, social and economic solutions. In the second phase, we conducted analyses of
time series and sectoral analyzes on agriculture and
Volume 7 / Number 4 / 2012

Figure 1. Representation by holders of agricultural households
Review of working activities of holders of agricultural households by cantons in FB&H is given
by Figure 2.
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Review of attitudes of examinees about support of competent national authorities to agriculture and rural areas is shown by Figure 6.

Figure 2. Working activities of holders of agricultural households
Review of structure of educational level of
holders of agricultural households in cantons of
FB&H is shown by Figure 3.

Figure 6. How do you assess support of competent national authorities to agriculture and rural
areas?
5. Discussion and implications

Figure 3. Educational level of holders of agricultural households
Review of attitudes of examinees about problems in further dealing with agricultural production is given by Figure 4.

Figure 4. The biggest problems in dealing with
agricultural production
Review of attitudes of examinees about purpose of intensification of additional activities in
future, is shown by Figure 5.

Figure 5. Are you expecting intensification of additional activities in future?
1834

By results of empirical research we identifed
socio-economic characteristics of examinees (holders of agricultural households). The first socio-economic characteristics was related to representation
of holders of agricultural households by cantons in
FB&H, and we have found that the largest number
of examinees was from Una-Sana Canton (16.5%),
followed by Canton 10 (16%) and Tuzla Canton
(15,5%), while the smallest number of examinees
was from Sarajevo Canton (3.5%). As we previously
mentioned, structure of examinees by cantons corresponds to planned structure of sample, by which
representativeness of sample was ensured. The second socio-economic characteristics was related to
their work activities, where we tried to determinate
whether holders were engaged exclusively in agricultural production or had it as an additional activity
that involves more than 50% of working time, ie less
than 50% of working time. Research results showed
that from total number of 142 examinees; 72.4% of
examinees was exclusively engaged in agriculture,
while 12.2% of them (24 examinees) had agriculture as main activity and other 15.3% (30 examinees) had agriculture as additional business. Results
also showed that dealing with agriculture is base
of existence in rural areas of FB&H. Third socioeconomic characteristics was related to educational
level of examinees. This identification meant to determine structure of educational level of holders.
Analysis of responses showed that the largest number of examinees (71.4%) have completed the high
Volume 7 / Number 4 / 2012
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school; 14% of examiness have higher educational
background (college and university); a completed
primary school have 11.6% of examinees, while
only 0.5% of examinees don’t have any academic
qualifications. Bright and co-workers (2000), Davis
and Pearce (2001), Bogdanov and Božić (2005),
then Stevanović and Živković (2005), and Munćan,
Todorović and Ivkov (2008) and Šubić, Vasiljević
and Ivanović (2009) were dealing with theoretical
research and practical experiences of soscio-economic characteristics of agriculture households.
By results of empirical research we have identifed problems in further dealing with agricultural
production, and examinees indicated following
reasons: insecure placement (35%), insecure production - production on open (15%), followed by
lack of money (16%), required machines (13%),
lack of required objects (8%), lack of manpower
(7%). Also, by empirical research we’ve found
that only 40% of examinees intend to intensify
additional activities on their agricultural households, in the future. This information indicates
insufficient utilization of opportunities, which are
offered by additional activities. Development of
agricultural households should be moving in the
direction of encouraging these activities. In this
research, we also analysed attitudes of examinees
about support of competent national authorities to
agriculture and rural areas. Examinees were asked
to rate authorities with grade 1 to 5. Most of them
were dissatisfied with support which they’ve received from the state (30% of examinees asses
support of authorities as good, while 63% gave a
below average rating. Only 7% of examinees believe that support is very good or excellent). These
data indicates that authorities aren’t sufficiently
engaged in assisting to development of rural areas
in FB&H. Looking at previous theoretical knowledge and practical experience, Van Dijk (2001);
Vatn (2002), then Zmaić, Petrač, Šundalić (2009),
and Bogdanov, Božić and Munćan (2008) presents authors who were discussing about question
of rural development, modernization, revitalization and rational using of resources, also about
sustainability of system, integration of science and
technology on field of multi-sector approach and
multifunctional agriculture.
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6. Conclusion and future research
In theoretical and methodological terms we
have realized main goal of research and analysis
has shown that FB&H in large part of its rural areas, has all required prerequisites for successful
promotion and implementation of multi-sector approach and multifunctional agriculture to rural development, considering the fact of existence of diversity of rural areas, natural resources, preserved
rural environment, traditions and untapped potential for development of economic activities in rural
areas. Limitations and weaknesses are reflected in
poor production and possessive structure, unused
human resources and mechanization, in underdeveloped infrastructure, in lack of entrepreneurial
initiative, cooperation and motivation in economy
of local population. We think that restructuring
of agriculture is required. It can’t be focused on
creating of smaller number of large commercialtype agricultures, which are exclusively oriented
on market production. It is also necessary to accept the role of small and medium-sized agricultural households in development of rural economy
and conservation of rural area. Survival of these
agricultural households is conditioned by diversification of economic activities, with accepting
of interaction of agricultural and non-agricultural
activities, which are increasing overall employment and income in rural areas. Large percentage
of rural areas of FB&H has characteristics of pronounced setbacks in development, which presents
negativity of all demographic, socio-cultural and
spatial-planning indicators. Only small percentage of rural areas is at stagnation and has perspective for faster, easier and more rational routing of
processes and relationships. Future theoretical and
empirical research should be focused on finding
of ways and facilitating of overcome of problems
encountered in this field.
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Abstract
Corporate governance understood as a professional management system is very important for
countries in transition, the efficiency of resource
use and socio-economic development. In terms
of effects of the global economic crisis, the issue
of corporate governance is becoming more important. What are the results that some transition
countries has made in developing corporate governance and what are the perspectives of corporate
governance in Serbia are the questions addressed
in this work.
Key words: corporate, management, corporate
governance, privatization
Introduction
Corporate governance was no part of the reality
of the economy in the socialist countries. The heritage of the socialist-type of planned economy, i.e.
controlled allocation of resources to certain sectors, is characteristic for all the countries in transition. It goes without saying that in such controlled
economy, no market of securities existed, or was
insignificant. Also, due to the non-existence or under development of the financial markets, banks
neither played the role of key financial mediators,
therefore did not develop in that direction. Besides, considerable lagging behind compared with
the developed countries is present in the countries
in transition. Hence, in order to accelerate their
economic development and reduce their lagging
behind the developed economies in the world,
these countries must insist on professional, corporate governance. The key of successful economic
transformation toward market economy is development of corporations and respective institutions
of corporate governance [1,4].
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Prerequisite for the development of corporate
governance in the countries in transition
Transition process, understood as a series of
economic reforms that need to be implemented
and built in a system as quickly as possible, means:
– Liberalization of economic relations with
foreign countries;
– Export as the leading sector of economic
growth;
– Convertibility of the national currency;
– Restrictive monetary policy;
– Financial discipline;
– Change in the role of the state in the economic
life – the state looses its interventionist role
and becomes responsible for the creation of
market ambiance and the creation of legal
and institutional framework necessary for
that ambiance;
– Small and medium-size enterprises become
the holders of the economic growth and
development;
– Privatization of the state property.
For successful implementation of the transition
process following are necessary:
–– Macroeconomic stabilization – the
reduction of the inflation as well as the
excess demand (high inflation and excess
demand were general characteristics of the
former socialist systems).
–– Liberalization – liberalization of prices as
well as foreign trade (opening up of domestic
economy to competition from abroad).
–– Privatization – building of proprietor s
foundation of market economy, increasing of
economic efficiency through the processes
of changing of proprietor s relations and
managing of the introduction of corporative
governance in economic societies.
–– Restructuring – restructuring of the entire
economic system and restructuring of
1837
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the economic societies as such (through
operative, managing, technological and
property restructuring).
Viewed like this, transition process requires
building of a new system of the rules of conduct
(organization culture), requires new institutions.
Institutional framework enabling the construction
of an efficient system of corporative governance
rests on the following [3]:
– Legal regulative must take a clear position
regarding private property because investors
are not interested in investing in the
countries where no private property rights
are guaranteed;
– Legal regulative must protect the rights of
suppliers, employees and creditors;
– Regulated banking sector in the way as to
enable functioning of the financial market
and corporate sector;
– Developed market of securities;
– Market for corporate governance where
takes-over happen;
– Developed markets forcing corporation to
act efficiently, effectively and economically
in the fighting of competition;
– Developed mechanisms that regulate
insolvency and bankruptcy so that capital
may be reallocated in time;
– Proper privatization that should create
adequate ownership structure and basis
for the creation of corporate relations in
business environment;
– Independent judicial system;
– Developed anti-corruption strategy and
related construction of adequate taxation
system;
– Reduction of bureaucracy and inefficiency;
– Quality financial media that will enable
quality supervision of managers, investors,
creditors and corporate management
structures;
– Active role of all stakeholders, which should
enable understanding and realizing the true
relevance of corporate governance.
Key transition process is privatization process.
This process makes key impact on the structure
of corporate ownership, and the selected priva1838

tization method on corporate governance. The
transition process in Serbia lasting over 20 years,
with still unpredictable outcome, requires detailed
analysis of the privatization process.
Privatization process in the Republic of
Serbia from 1988 – 2000
At the end of the 1980s economic development
in SFRY (Socialist Federal Republic of Yugoslavia), therefore in the Republic of Serbia, as one
of its federal units,pointed to the emergence of a
general crisis. High and galloping inflation, drop
of the size of industrial production, followed by
the rise of unemployment, required implementation of adequate measures. A wider reform of the
economic system was undertaken resting on the
following three: liberalization, stabilization and
privatization. Because of the high inflation it was
the economic reforms that were first undertaken,
aimed at achieving macroeconomic stabilization
of the country. Liberalization implied the liberalization of prices and opening up of economy.
Amendments to the Constitution in 1988 created
constitutional possibilities for emergence of different forms of ownership. For the first time the
analysis of the crisis clearly pointed to the anonymity of ownership i.e. social ownership, as the
most important cause for the crisis. The self-management organizations of associated labour as well
as their superior organization form – organizations
of associated labour showed chronic accumulative
incompetence. This fact had as a consequence a
lack of its own means for financing modernization and development, which resulted in increased
indebtedness and dependence from local and foreign loans. This resulted in determining privatization model - capitalization. It was considered that
this partial privatization would lead to increased
efficiency of the economy. A series of legal acts
and enactments (Law on Enterprises, 1988; Law
on Turnover and Management of Social Capital,
1989) defined the forms of ownership and enterprises were classified on this basis. For all that,
all the companies had the same rights and responsibilities on the market, in the transfer of money
and in other economic activities. These changes
resulted in unwished-for outcome, therefore the
reforms continued in 1990. Social capital could be
Volume 7 / Number 4 / 2012
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transformed in any form of property. The transfer of ownership could not be carried out without
compensation. The sale of companies, partial or
total, had to be effected on economic principles.
The transfer of ownership was based on workers’
shareholding. All companies in social ownership
could sell part of their capital by issuing internal
shares and sell them with discount. These, internal shares, could not be put on sale on securities
market. Internal shares could be bought by workers, i.e. company employees, workers that used to
be employed in the company and retired workers
and they were sold with 30-45% discount of their
nominal value. Other domestic natural persons
and organizations providing old age and invalidity insurance could also purchase these internal
shares with 30% discount. During the 1990, 1200
social companies changed their status and became
mixed companies. In 1991 Serbia passed the Law
on Conditions and Procedures for turning public
property into other forms of ownership. Relevant
characteristic of the federal and republican law
which determined and directed implementation
of the privatization was that privatization was not
mandatory. However, unexpectedly, with emergence of hyperinflation, privatization process,
under then valid laws, became interesting, again.
Possibility to buy companies for insignificant Dinar amounts, through various embezzlement and
manipulation by the company’s management, underestimated the companies even more, so that individuals and certain groups became rich through
various ungrounded and uneconomical acts. This
method of financing privatization brought about
drastic redistribution of social/public capital and
national wealth to the benefit of individuals. Until
1993, over 51,64% of companies were privatized
on the territory of Serbia. Out of the 3678 companies, which was their total in 1991, until the mentioned period 1899 of them were privatized.

Privatization continued during the 1994 until
July, in the same manner, when the National Parliament passed the Law on changes and amendments to the law on conditions and procedure for
turning the public ownership into other forms of
ownership. This law, better known as Law on Revaluation, brought about the retroactive revaluation of the social capital and the sums for which
shares were bought at the time of hyperinflation.
Privatization process was back at the beginning.
Reform changes that commenced in 1988, were
serious basis that could support transition strategy
so that Serbia could go through the transition processes both less painfully and on time. The developments that followed, first of all, the disintegration
of Yugoslavia, led to failure of this reform.
Next attempt at implementing reforms has been
on since 1998. It was in that year that the Law on
Companies and Law on basis for transfer of the
public capital. It was this legislation that meant
breaking-up with worker’s self-managing decision
making. Also introduced were assembly, managing
and supervisory board, while management consisted of C.E.O., managing board and other. Under this
law companies could be organized as: stockholding
companies, companies with limited responsibility,
partnership companies, limited partnership society,
social companies, public companies and companies for employing invalids. Companies have been
grouped as: small, medium and large, with reference to the number of employees, to annual income
and value property. Following laws were passed in
Serbia in1997: Law on ownership transformation,
Law on Shares Fund of the Republic of Serbia, Law
on transformation of public ownership on agricultural land, enactment on the mode of determining
capital. Privatization that was based on the already
mentioned legislative regulations brought nothing new. Only a small number of companied were
privatized. At the end of 2000, 350 companies en-

Table 1. Privatized companies before 1993
Territory
Serbia proper
Vojvodina
Kosovo
Total

Number of of
companies
2.381
993
304
3.678

Privatized
Federal
670
527
3
1.200

Republican
322
194
183
699

Total
992
721
186
1.899

Privatized
in %
41,67
72,63
61,21
51,64

Source: Sokić S., Kapital u ekonomiji tranzicije, Zavet, Beograd, 2005, p 479.
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tered privatization process which was completed in
18 companies only [2,12].
Privatization in the Republic of Serbia after
2000
In July 2001 the Law on Privatization was
passed. Following were main goals of this Law:
creation of open economy and ownership structure,
investments maximization in real sector, social and
political acceptability and establishing clear ownership structure; corporative management based on
ownership structure. A set of laws, regulations and
enactments were passed for implementation of this
law. Taking in consideration the experience of other
eastern European countries in transition, as well as
circumstances in Serbia, selling model was adopted
as privatization model. Methods of sale are public
tenders and public auctions. Method of sale was
selected with an aim to try to find real buyers, i.e.
those who would get most in economic sense from
privatized companies, i.e. those who would best
manage economic resources, which would, inevitably, reflect on increasing efficiency. Considering
the time required for its realization, this model takes
a little more time compared with some other models (e.g. voucher model). Larger part of the social or
state capital of the company being privatized (70%)
is sold to strategic investors. Between the two options, dispersive ownership and single investors, the
latter model was selected as considered more conve-

nient in terms of corporate management. As for the
privatization in 2001, it is relevant to point out that
legal regulative annulled voluntarism of privatization in Serbia. During 2006, after the disintegration
between Serbia and Montenegro, the Constitution
of Serbia was voted and confirmed. This highest legal act, is different from those dating from before in
the sense that it does not contain social ownership
as form of ownership. Since 2002 following results
were scored concerning privatization.
According to the data available, 2405 companies
have been sold since the beginning of privatization.
1682 socially owned companies were sold by tenders and auctions, while 723 have been sold on capital market[7,57]. Euro 669 million-worth income
was made on capital, while Euro 2 billion [7,57]
-worth income was made on sale by tenders and
auctions. Beside aforementioned, also Euro 1.22 billion-worth contracted investment, while Euro 0.28
billion was made tied with the social programme,
contracted during the sale of the company. The highest total income per structure (direct sale, contracted
investment, social programme) was made on sale
by tender and resulted from sale of big companies.
A number of the big companies went through restructuring process before the sale. 596 contracts
[7,5] concerning sale of companies by tender and
auction were broken. Reasons for breaking of the
contracts are buyers’ disrespect of their contractual obligations which were various: non-payment
of installments, disrespect of investment and social

Table 2. Privatization in Serbia in the period 2002-2010

2002
2003
2004
2005
2006
2007
2008
2009
2010
Total

Number of
sold companies
(T+A+Tk)*

People employed
(T+A+Tk)

Selling price
(T+A+Tk)
in mill. EUR

Investments

Social
programme
(T+A+Tk)

211
638
237
317
281
316
277
94
34
2.405

37.320
76.927
38.808
58.931
45.962
45.011
27.187
9.119
1.634
340.899

318,8
839,9
153,9
370,9
239,9
434,5
253,2
48,8
13,3
2.673,1

320,1
319,8
99,6
98,6
152,2
103,6
62,2
24,6
1,4
1.181,9

145,8
128,3
2,6
0
0
0
0
0
0
276,7

Source:Ministry of Finance of the Republic of Serbia: Revised memorandum on budget and economic and fiscal policy for
2011, with projections for 2012 and 2013, www.mfin.gov.rs , p 57.
Note: *T-tenders, A-auctions, Tk- capital market
1840

Volume 7 / Number 4 / 2012

technics technologies education management

programme, managing corporate property contrary
to the contracts signed, etc. What is characteristic
for 2009 and 2010 is drop in the sale of companies,
which was consequence of the approaching end of
the privatization process of the socially owned companies. In the preceding period the buyers bought up
companies for which they showed interest, so that
companies for which no interest was shown still remained unsold. Out of these several hundred mainly
small companies, smaller number, for which the
state showed interest, changed ownership structure,
were transferred to state ownership. As for the remaining companies, they were liquidated for buying
unattractive companies.
Privatization process of public companies
The next phase in the privatization process is
privatization of public companies. Only after this
process, necessary economic ambience will be created for a more efficient economy. Public companies
in Serbia employ 16% of the totally employed in the
economy and they have at their disposal 30% of the
means engaged. As an important economy factor,
with their activity and efficiency, they seriously influence the efficiency of economy as a whole. Thanks
to their activity, a great many of these companies,
have monopolistic position. There are over 500 public companies in Serbia today. They are characterized
by high indebtedness, high level of liquidity, insolvency, operating with losses. Thanks to the activity
they engage in, great many of these companies have
monopolistic position. Their characteristic is high indebtedness, rather low current liquidity, insolvency,
doing business with losses, low profit and high income per employee. In the economy of Serbia today,
there exist 590 public companies, and over 550 are
losers [5,175] in what they do. Participation in management bodies of these companies is attractive today, too, and is reason for their fighting. Namely, basic characteristic of these companies is inefficiency,
and the answer to the question how to raise the efficiency in these companies is privatization. However,
with privatization of companies several elements
have to be considered. Thanks to the activities they
are engaged in, the specific features in production
and services and their distribution, one part of such
companies have monopolistic position, and such
position is a form of state monopoly. Basic motive
Volume 7 / Number 4 / 2012

for creating such monopoly is protection of general
interests. When privitizing these companies there is
a danger of monopoly position being mistaken for
private monopoly position. What motivates capital is
profit, and it is not interested in the protection of general interest but in taking monopolistic position. By
giving away the state monopoly position to private
capital, its turning into private monopoly, would lead
to redistribution of profit of the entire economy to
the benefit of monopolistic companies of public sector of the economy. This would unfavourably affect
economic growth, leading to unstable conditions for
business that would negatively affect development,
first of all investments. It is also important to determine clear conditions under which privatization will
be effected, and surely special attention must be paid
to:
– protection of general interest when changing
prices,
– conditions of doing business, same
– level of obligatory investments,
– capitalization and increased participation of
private capital in the company’s total capital,
etc.
This, further means, that this privatization
phase can not be limited, in terms of time, as well
as that adequate, quality solutions are required that
will be supported by adequate regulative. A more
serious step forward concerning privatization of
public companies requires changes and adjustment of existing legal framework contained in
four laws: Law on means owned by the Republic
of Serbia, Law on Public Companies and on doing
business of general interest, Law on Communal
services and Law on Privatization. Alternative to
this is to create totally new legal framework within which privatization of public companies will
be effected. Irrespective of when the privatization
will commence, restructuring of a great number of
these companies will be needed. Concerning how
and at what rate this privatization will develop, it
depends on economic goals the achievement of
which the privatization will aspire to. One can
conclude from the stated that privatization process in Serbia, has not been completed yet, not
20 years after. Corporate management that should
have been implemented in the economy of Serbia,
can not seriously affect the efficiency of economy
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i.e. either the growth or development that could
reduce lagging behind the developed countries.
Securities market in Serbia
Non-development of securities market is regular phenomenon in transition countries. Beside the
small offer, the demand is low, for not too many
investors who appear on the stock exchange, main
reason for this being low level of trust. When talking about (non)development of the securities market in Serbia one should bear in mind that, beside
the already said, it is also the consequence of:
– long transition;
– low level of economic activity;
– privatization process which takes too long
and is only partially completed;

– foreign direct investments which arrived at
a lesser size than expected which specially
refers to so-called ‘’greenfield’’ investment,
which should have significantly contributed
to corporate management in Serbia, first
of all through transfer of knowledge and
technology, etc.
Attained level of development and corporate governance perspective in Serbia
On the basis of everything said so far, following two questions pose themselves:
- How far has Serbia gone in the development
of corporate governance?
- What are perspectives of corporate governance in Serbia?

Table 3. Corporate governance indicators in trasition countries
Indicator

pk3

Ownership rights
Protection of intellectual property
Indipendant judiciary
Governmenr rights
Efficiency of legal framework in settling disputes
Efficiency of legal framework in reconsidering regulates
Strenghtening of auditing and of reporting standards
Efficiency of corporate governance
Protection of smaller shareholders
Local availability of research and training centre
Cadre training volume
Effect of business regulations on direct foreign
investment
Local competition intensity
Market dominance degree
Anti-monopoly effects
Level and taxation effects
Brain drain
Relying on proffesional management
Cooperation between management and employ’s
Direct foreign investment and technology transfer
Claster development level
Competition advantages character
Willingness of trusting supervision
Consumption of the company on research and
development
Cooperation between university and industry in research
and development
Availability of scientists and engineers

4,3
3,7
3,9
3,3
3,8
3,6
4,7
4,5
4,3
4,1
4,0

Czech
Republic
rank1
dk2
78
4,1
58
3,7
74
3,7
120
2,6
113
2,9
108
2,9
48
5,0
60
4,7
87
4,0
120
2,6
39
4,3

Slovak
Republic
rank
dk
79
4,1
54
3,8
116
2,7
115
2,7
139
2,2
138
2,4
74
4,6
64
4,6
95
3,9
38
4,7
87
3,7

Slovenia

Serbia

rank
60
41
68
94
111
101
57
126
127
40
83

dk
4,4
4,2
3,8
3,0
2,9
3,0
4,9
4,0
3,4
4,6
3,8

rank
126
107
128
134
137
127
114
136
140
113
132

dk
3,1
2,7
2,4
2,3
2,5
2,6
4,0
3,7
2,8
3,2
2,9

4,5

29

5,2

18

5,4

126

3,4

125

3,5

4,8
3,8
4,0
3,6
3,5
4,3
4,4
4,6
3,6
3,6
3,7

16
30
47
57
79
43
56
15
47
38
45

5,6
4,5
4,3
3,6
3,2
4,7
4,5
5,3
3,9
3,9
3,9

37
50
66
49
111
59
98
6
62
113
80

5,4
3,9
4,1
3,7
2,6
4,4
4,0
5,5
3,6
2,8
3,6

51
63
52
129
58
81
116
122
69
34
51

5,1
3,7
4,3
2,7
3,4
4,1
3,8
3,9
3,5
4,0
3,9

136
139
137
118
139
133
136
110
128
136
136

3,6
2,5
2,8
2,9
1,8
3,3
3,6
4,0
2,5
2,4
2,6

3,2

28

3,9

89

2,8

39

3,4

130

2,4

3,7

30

4,5

104

3,2

46

4,0

81

3,6

4,1
42
4,5
74
4,0
89
3,8
83
3,9
Source: World Economic Forum, Global Competitiveness Report 2011-2012
Note:
1
Rank is the position of the country in which the observed number of countries is 142
2
dk represents attained value of the coefficient in the observed period. Minimal coefficient value is 1-the worst result.
maximal is 7- best possible result.
3
pk represents average coefficient value
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In order to answer the first question it is necessary to see the place and position of Serbia compared with other countries, both from immediate
neighbourhood and wider. ‘’Global Competitiveness Report’’ published by World Economic Forum, can be used for that purpose. The Report
shows indicators that are specially important for
corporate management in Serbia.
A general conclusion can be drawn from the
presented data that over the past several years there
has been a permanent deterioration of the environ-

ment necessary for corporate governance system
development. In a huge majority of the presented
indicators over the reported period, there has been
a downward trend of the achieved coefficient. In
the presented indicators, Serbia has not reached the
coefficient value above the average in a single indicator. It has been mentioned earlier that a certain
level of institutional framework development is
necessary for corporate governance to thrive. Institutional development level in Serbia is, according
to the Report on Global Competitiveness in 2011-

Table 4. Corporate governance indicators in Serbia
Indicator
Ownership rights
Protection of intellectual property
Indipendant judiciary
Governmenr rights
Efficiency of legal framework in
settling disputes
Efficiency of legal framework in
reconsidering regulates
Strenghtening of auditing and of
reporting standards
Efficiency of corporate governance
Protection of smaller shareholders
Local availability of research and
training centre
Cadre training volume
Effect of business regulations on
direct foreign investment
Local competition intensity
Market dominance degree
Anti-monopoly effects
Level and taxation effects
Brain drain
Relying on proffesional
management
Cooperation between management
and employ’s
Direct foreign investment and
technology transfer
Claster development level
Competition advantages character
Willingness of trusting supervision
Consumption of the company on
research and development
Cooperation between university
and industry in research and
development
Availability of scientists and
engineers

2008/2009 (134)1
3

pk

4

2009/2010 (133)

2010/2011 (139)

2011/2012 (142)

rank

dk

pk

rank

dk

pk

rank

dk

pk

tendency
of dk2

rank

dk

108
105
106
132

3,6
2,8
3
1,9

4,7
3,8
4,1
3,3

111
101
110
129

3,4
2,8
2,8
2,2

4,5
3,8
4,1
3,3

122
111
124
131

3,2
2,6
2,5
2,3

4,4
3,7
4
3,3

126
107
128
134

3,1
2,7
2,4
2,3

4,3
3,7
3,9
3,3

↓
↓
↑

↓
↓
↓
↑

↓
↑
↓
-

102

3

3,8

124

2,6

3,8

132

2,6

3,8

137

2,5

3,8

↓

-

↓

-

-

-

115

2,6

3,7

125

2,7

3,7

127

2,6

3,6

↑

-

↓

96

4,1

4,7

99

4

4,7

115

3,8

4,7

114

4,0

4,7

↓

↓

↑

119
132

4
3,2

4,7
4,6

120
128

3,9
3,1

4,6
4,4

134
137

3,7
2,9

4,6
4,3

136
140

3,7
2,8

4,5
4,3

↓
↓

↓
↓

↓

74

3,8

4

90

3,6

4,1

100

3,5

4,1

113

3,2

4,1

↓

↓

↓

121

2,9

4

120

3

4,1

130

3

4

132

2,9

4,0

↑

-

↓

128

3,8

4,9

120

4

4,9

131

3,8

4,8

125

3,5

4,5

↑

↓

↓

131
129
73
112
111

2,6
2,6
3,4
4,4
3,8

3,9
4
3,8
5
4,5

131
130
97
106
113

2,7
2,7
3,7
4,2
3,8

3,9
4
3,6
4,8
4,5

138
137
120
123
135

2,5
2,8
2,8
3,7
3,4

3,8
4,1
3,6
4,6
4,4

136
139
137
118
139

3,6
2,5
2,8
2,9
1,8

4,8
3,8
4,0
3,6
3,5

↑
↑
↓
↓
-

↓
↑
↓
↓
↓

↑
↓
↓
↓

118

3,6

4,6

118

3,5

4,5

128

3,3

4,4

133

3,3

4,3

↓

↓

-

131

1,9

3,5

132

1,9

3,5

136

2

3,5

136

3,6

4,4

-

↑

↑

74

5,5

4,8

81

4,7

4,7

113

4

4,6

110

4,0

4,6

↓

↓

-

104
110
94

2,9
2,9
3,6

3,6
3,7
4,1

117
111
101

2,7
2,7
3,2

3,6
3,6
3,8

122
133
127

2,6
2,4
2,7

3,6
3,6
3,7

128
136
136

2,5
2,4
2,6

3,6
3,6
3,7

↓
↓
↓

↓
↓
↓

↓
↓

97

2,7

3,4

110

2,6

3,3

108

2,6

3,2

130

2,4

3,2

↓

-

↓

62

3,3

3,4

81

3,3

3,6

71

3,5

3,7

81

3,6

3,7

-

↑

↑

50

4,5

4,2

77

4

4,1

92

3,7

4,1

83

3,9

4,1

↓

↓

↑

Source: World Economic Forum, Global Competitiveness Report 2011-2012, Global Competitiveness Report 20102011, Global Competitiveness Report 2009-2010, Global Competitiveness Report 2008-2009
Note:
1
Number of the countries observed
2
Tendencey of dk represents the attained coefficient compared to the former value. Downward arrow indicates
decline, while upward arrow indicates raise of the value of the coefficient.
3
dk represents attained value of the coefficient in the observed period. Minimal coefficient value is 1-the worst
result. maximal is 7- best possible result.
4
pk represents average coefficient value
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2012, and according to which Serbia is ranked 121st
as the worst ranked country among the countries
in its immediate neighbourhood. It has been mentioned earlier in this text that Serbia has only partially completed its privatization process, which is a
necessary prerequisite for the corporate governance
development. The following indicators serve to describe the institutions responsible for regulation of
the property and property rights’ sector: Ownership
Rights and Intellectual Property Protection; and the
achieved values show that this area has not yet been
adequately regulated to facilitate corporate governance development. The following indicators describe the management sector: Brain Drain, Professional Management Reliance Levels, Availability
of Scientists and Engineers and Personnel Training
Scope. Brain drain has been evident in Serbia for
several decades now, so that it has become a chronic issue. Failure to overturn this process in the century that is going to be the century of grey cells will
certainly have negative consequences on the future
perspectives of Serbia. In addition to this, the rapid
downturn of the Availability of Scientists and Engineers indicator is evident from this Table. Since
the practice of commissioning professional managerial tasks is still underdeveloped in Serbia, and
since the managerial staff still lack the necessary
knowledge and skills, and while respecting the fact
that investments in research and development have
been modest only, it can safely be concluded that
Serbia lacks both quality and quantity of human
resources necessary for adequate corporative governance. The foreign direct investments in Serbia
are expected to exert considerable influence on its
economic growth and development, but also on the
technology transfer, know-how and introduction
of corporate governance. The following indicators
describe the achieved results in this area: Foreign
Direct Investments and Technology Transfer, and
Legal Regulations’ Influence on Foreign Direct In-

vestments. As for the market in general, (relevant
indicators: Local Competitiveness Levels, Market
Domination Levels, Antimonopoly Politics Effects)
it can be concluded that the market is not adequately developed and that it is a market with no significant competition, which cannot be an auspicious
climate for corporate governance development. Inefficiency and lack of antimonopoly policy, weak
foreign capital presence and weak business legal
framework, which only insufficiently implements
the instruments aimed to attract the foreign investments, all point out to the need for the relevant factors to do much more than they have so far. Quality
and quantity of the local suppliers has not reached a
satisfactory level either. The level of cluster development, as an indicator of the form of connections
between corporations and one of the ways to reach
the globalized market, has not reached the necessary or the desired level yet. The legal infrastructure indicators show that it is still far away from the
level necessary for the corporate governance development (Independence in Work of Judiciary, Legal
Framework Efficaciousness in Dispute Resolution,
Legal Framework Efficiency in Contract Reviewing). The achieved level of Small Shareholders’
Protection is especially worrying, because in 2011,
just as in the previous years, only Ukraine and Bosnia and Herzegovina have been ranked worse than
Serbia. Corporate reporting is an important external
mechanism of corporate governance Its indicator,
Auditing Strengthening and Standard Reporting,
points out that it is necessary to invest much more
efforts in this area in order to achieve any significant progress. Companies in Serbia are not sufficiently prepared for the corporate governance,
which is corroborated by the Readiness to Commission Monitoring indicator.
The issue of corruption is present and ranked
high in the description of the Biggest obstacles for
business in all the former SFRY countries. Accord-

Table 5. Largest obstacles to doing business in the countries of the Western Balkans (non-Eu member
states) in 2011-2012 year
Corruption
State administration inefficiency
Political instability
Access to finances

Serbia
2
1
3
4

Croatia
2
1
3
4

BH
3
2
4
1

Macedonia
3
2
4
1

Montenegro
3
2
4
1

Albania
2
3
4
1

Source: World Economic Forum, Global Competitiveness Report 2011-2012
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ing to the World Bank definition corruption is the
abuse of office for the purpose of personal gain.
Corruption can be petty (accepting small gifts,
providing different small favours), or substantial,
in cases where it turns into criminal offense. Presence of corruptive practices and deep-rootedness
of corruption in a society influence, among other
things, the Government spending by diverting it
into the less productive areas, which exerts negative influence on the economic growth.
Table 6. Ranking of the biggest obstacles to doing
business in Serbia in the period 2008-2012

Corruption
Administration
inefficiency
Political
instability
Access to
finances

20082009
2

20092010
1

20102011
1

20112012
2

3

4

2

1

1

2

3

3

6

3

4

4

Source: Wor ld Economic Forum, Global Competitiveness
Report 2011-2012

Over the past years in Serbia, the problem of
corruption has become more and more important
and it is one of the biggest obstacles to business,
coupled with the inefficient administration and
political instability.
Conclusion
Conclusion about the achieved level of corporate management in Serbia can be drawn from indicator Efficiency of corporate governance, which
in the observed period shows dropping tendency
and ranks Serbia as 136 out of the 142 countries.
Ranked behind Serbia are only: Tajikhistan, East
Timor, Angola, Mauritania and Libya.
From all the stated, it is clear that in building
corporate governance system Serbia is at the very
beginning. It is quite sure that such system cannot
be constructed over night and that it takes some
time for that. What can be said with certainty is
that it is natural for Serbia to head to building a
closed (continental) model of corporate governance [6]. Reasons for such a choice are in the following facts:
Volume 7 / Number 4 / 2012

– Financial markets in Serbia, especially
those needed are not well developed and it
cannot be expected to develop in relatively
short time;
– Banks in Serbia’s economy, as their source
of financial means have central place, which
is one of basic characteristics of closed
model of corporate governance;
– Historically viewed, from the point of view
of participation of employed in management,
tradition exists concerning participation of
workers in management.
In the conditions of cyclic activity of economic
crisis globally, the issue of efficiency of economic
system and economic subjects becomes even more
tense and requires reconsideration of strategies and
policy of growth and development at all levels.
World economic crisis has additionally worsened
the picture of the economy of Serbia so that it is today ranked 70% levels of the GNP in 1989 [4,153].
In such ambience corporate governance, understood as professional management, and its
implementation in the economic system of Serbia
is very important for the efficiency of the use of
resources as well as growth and development of
the national economy.
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Abstract
Foreign direct investments can have positive externalies for the countries characterized by relatively
good availability of human capital and in countries
that accept export-oriented strategy. FDI in contemporary developmental phase assume the function of
a key factor, each economy and along with trade
become basic mechanisms of world economy globalization. FDI represent a possible source for satisfying the needs of developing countries for financial, technical entrepreneurial resources. Economic
development of Serbia becoming critically dependent on new, Greenfield investments and is exportoriented and able to bring us faster employment
growth and a substantial increase in exports. In this
paper, the analysis of FDI trend in Serbia by using
6th degree polynomial is presented, which describes
data on FDI on the basis of ANOVA methodology.
Based on the foreign direct investments trend, positive trend or increase of FDI in Serbia in the following period is observed, which is also confirmed by
political situation in Serbia.
Key words: investments, Foreign Direct Investment (FDI), portfolio, loans.
1. Introduction
Investments in the broadest sense are the use of
a part of society, ie the replacement of disposable
products and expanded reproduction (increase) in
basic funds in the economy and non-economic activities and to increase inventories of raw materials, non-finished and finished products. At a time
when funds for investment is limited, it is important that these funds are effectively invested.
Forms of consumption and investment (savings) are a fundamental role in the economy of each
country. Countries that spend most of their income,
invest less and exercise lower rate of economic
Volume 7 / Number 4 / 2012

growth and vice versa. Consumption and investment determine the general level of income and
employment in the short period of time. When the
growth of consumption and investment, and total
production increases, so does the standard of living.
FDI in the state of contemporary developmental stage, take on the function key factor of any
economy and with the trade became the main
mechanisms of globalization of world economy.
The governments of foreign direct investments
attempt to impose domestic content requirement
affiliates of foreign investors (sub-affiliates abroad
term investors implies the company’s investors at
branches in the country in which to invest) in this
investment, to increase “industrial association”
and multiply “feedback” in order to create a competitive domestic industrial structure.
In managing the investment policy it is important to determine the proper relationship between
economic and non- economic investment. Economic investment has a decisive influence on the rate of
economic growth, i.e. increasing productivity, lowering production costs, the introduction of technology and information technology, and more. [1-6]
2. Importance of fdi for economic
development
FDI in the state of contemporary developmental stage, take on the function key factor of any
economy and the trade became the main mechanisms of globalization of world economy.
Through direct investment in banking, the company deployed its production systems and other
business functions on a global scale, seeking to
provide the best supply of one hand not on the other
hand most profitable marketing of their products.
The governments of foreign direct investments
attempt to impose domestic content requirement
affiliates of foreign investors (the affiliate abroad1847
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term investors implies the company’s investors at
branches in the country in which to invest) in this
investment, to increase “industrial association”
and multiply “feedback” in order to create a competitive domestic industrial structure [15-19].
Much of the literature that talks about the license
terms of technology referred to as substitute for foreign direct investments, acquisitions of technology
lies outside of themselves and on-lies in the zone
of broad goals that “food” domestic business class,
with political and economic explanations skim : to
increase the autonomy of the national economy, national power and national security. [21, 22]
Foreign direct investment can accelerate economic growth not only as a supplement to domestic
savings, but also because they provide access to new
technology. Foreign investments direct may result
in the direct import of advanced technology, management and transfer of knowledge and production
oriented. In addition, foreign direct investment of
which can generate positive externalities on domestic companies, in the sense that they are able to gain
new knowledge by which foreign companies supplied inputs or while competing for consumers. It
can also stimulate additional domestic investment.
Research shows that incoming foreign direct
investment may have positive externalities for
countries characterized by relatively good availability of human capital in countries that accept
an export-oriented strategy. In terms of relative

availability of human capital and the liberalization
of trade regimes, it can be concluded that the advanced transition countries are better able to fulfil both requirements and will be able to use both
types of externalities [24-29].
In addition to providing access to modern technology, foreign direct invest-vestments can also
provide countries in transition need of managing corporate. Poor management was one of the
main reasons for poor performance of state owned
enterprises in the past. Therefore, if a significant
number of state owned enterprises is sold to foreign strategic investors, then main role is left to
foreign investors [7-13].
3. Foreign investments in Serbia
Trends in foreign direct investment in the period of 2007 to 2011 are increasing. Between
top ten investors, 8 of them are the OECD countries, followed by China, Russia and Brazil, with
a percentage of 12.9% of total world investment
in which the U.S. is clear leader with 26.7% of
total investments in the world and approximately
250 billion [14]. Countries with the biggest FDI
inflows can be seen in Figure 1.
The global economic crisis has resulted in
drop in foreign investment and reduced interest of
foreign investors in 2010.

Table 1. Foreign direct investment in Serbia, from January to November of 2010 [23]
January-November 2010.
9
Country
10
1
2
3
4
5
6
7
8
9
10
1848

Netherlands
Austria
Slovenia
USA
Great Britain
Switzerland
Croatia
Italy
Cyprus
Germany

inflow
Based on
residents’
investments
abroad
265
92
1,612
727
776
726
1,096
459
809
297

Based on
investments of
non-residents
in Serbia
221,053
154,999
84,007
54,046
55,086
55,873
46,367
37,234
46,456
28,000

outflow
Based on
residents’
investments
abroad
6,241
585
2,329
509
2,374
1,201
941
116
8,039
981

Based on
investments of
non-residents in
Serbia
17,304
20,282
10,891
1,444
2,255
5,371
3,932
2,281
14,036
3,750

net

197,772
134,225
72,398
52,820
51,233
50,027
42,590
35,296
25,189
23,566
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Agriculture
Fishing
Mining and quarrying
Processing industry
Food products and beverages manufacturing
Production of tobacco products
Production of textile yarn and fabrics
Production of clothings and fur
Production of leather, objects of leather and shoes
Processing and products of wood and cork
Production of celulosis, paper and processing of paper
Publishing, printing and reproduction
Production of coke and oil derivatives
Production of chemicals and chemical products
Production of rubber and plastic products
Production of products of other minerals
Production of basic metals
Production of metal products, except machines
Production of the other machines and devices
Production of office and computing machines
Production of other electric machines and devices
Production of radio, TV and communication equipment
Production of precise and optical instruments
Production of motor vehicles and sidecars
Production of other transport means
Production of furniture and similar products
Recycling
Electric energy, gas and water
Construction industry
Wholesale and retail, repair

Industry branch
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222
4.274
56
14.695
282.885

199
832
209

1.815
239.857
78.241
62.022
1.600
1.020
1.324
12
2.466
2.566
1.046
11.540
32.307
1.026
13.002
24.789
890
269

7.716

2004.
9.306
29
1.901
789.326
61.381
34.714
26.078
7.849
5.450
5.329
5.098
0
525.781
16.285
11.547
18.777
7.668
21.306
86
6.149
5.222
19.105
4.803
1.640
3.287
1.776
785
25.525
369.212

74
5.837
4.550
651
15.455
20.995
19.008
15.614
46.491
2.766
8
4.114
274
115
85
648
15.945
983
497
10.852
292.394

2006.

9.357
0
247
250.483
52.307
35.078
8.652
833

2005.

2007.
15.086
40
24.228
366.341
96.800
6.891
48.998
4.786
652
8.984
6.938
5.879
18.380
15.929
28.967
18.215
10.066
12.218
24.360
780
7.434
100
1.099
30.068
4.530
9.644
4.625
919
130.574
200.785

Table 2. Inflow of FDI to Serbia according to industry branches, in thousands of EUR [23]

38.227
77
19.564
388.478
100.362
1.259
37.627
741
228
17.844
4.895
6.090
11.685
11.255
19.653
8.955
114.996
17.288
6.330
1.604
451
431
292
13.915
4.303
7.519
755
2.346
55.584
275.946

2008.

1.392
6.098
450
660
49
720
31
1.343
3.607
3.885
73.165
5.658
944

28.131
89
200
28.161
304
3.336
6.778
4.667
36.830
5.567
59.027
10.610
4.576
401
9.118
1
684
101.045
1.256
2.905
417
4.717
28.105
222.194

76
12
2.008
3.507
26.290

1.044
1
5
1.711

392
114.780
13.929

2.204

Q1 2010.

404.926
532.890
228.790

21.025

2009.

2004-Q1
2010.
102.921
146
453.073
2.682.155
631.810
139.964
152.477
21.417
2.855
61.184
25.818
28.239
38.570
585.969
158.644
68.203
304.646
124.722
61.171
3.148
28.309
6.228
22.131
151.835
12.377
39.598
12.843
11.328
268.843
1.669.706

% of
total
0,77
0
3,38
19,9
4,71
1,04
1,14
0,16
0,02
0,46
0,19
0,21
0,29
4,37
1,18
0,51
2,27
0,93
0,46
0,02
0,21
0,05
0,16
1,.13
0,09
0,30
0,10
0,08
2,00
12,4
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Sale and repair of vehicles
Wholesale and mediation
Retail, except vehicles; repair
Hotels and restaurants
Transport
Land transport and pipeline transport
Water transport
Air transport
Accompanying activities and travelling agencies
Postal activity and telecommunication
Financial mediation
Financial mediation
Insurance and pension funds
Other jobs in financial mediation
Affairs with real estate, renting
Affairs with real estate
Renting machines and equipment
Computer and similar activities
Research and development
Other business activities
State administration and social insurance
Education
Health and social work
Other communal, social and personal services
Other service activities
Activities of organizations based on membership
Sports, cultural and similar activities
Removal of debris, waste etc.
Unclassified
TOTAL INVESTMENTS OF NON-RESIDENTS IN SERBIA
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514
7.340
19.551
755
1.210.634 455.674
499.969 1.561.665 824.705
488.643 1.521.114 792.600
11.194
40.319
29.698
132
232
2.366
157.158 283.470 416.794
11.843
71.180 285.973
2.393
1.054
2.541
1.649
1.494
3.139
1.200
23.410
130
158.073 186.335 125.011
76.098
325
0
150
194
325
3.939
1.403
76.381

3.940
1.443
83.727
75.331
8.066
330
109.795
43.113
47
597
66
65.972
4.544

18.395
81

6.851
141.377
861.035
557.830
298.705
4.500
408.831
224.676
6.392
14.916
61
162.786
2.200
19

45.163
199.378
31.405
15.729
168.095
18.552
1.315

3.518
3.879
1.129
5.904
15.167
60
274
70.477
3.147
15.746
2.184
787.963 1.328.773 4.279.058 2.601.030 2.254.527

3.564
46

44.771
19.466
18.176
219.321 250.048 168.469
28.302
99.698
14.140
203
3.246
35.055
9.576 1.232.714 507.472
8.307
14.739
32.047
200

58.663
218.626
5.596
11.663
11.898
6.515

2.650
7.041
16.598
284
28.101
1.470
151
230
161
26.090
149.397
140.125
7.427
1.845
32.784
21.712
159
1.570
8
9.335
0
15
0
638
243
4
390

213.574
1.216.191
239.942
71.174
2.076.331
92.832
1.870
230
3.532
41.890
103.537
1.939.510
156.313
4.136.811
74.810
3.650.454
79.872
475.281
1.631
11.036
239.774
1.666.606
147.787
806.285
1.211
13.796
5.856
29.218
202
25.077
84.718
792.230
0
83.168
290
668
325
18.305
122.626
1.498
1.868
46
50
10.696
40.684
6.065
80.023
58.474
76.404
1.810.482 360.401 13.422.234

24.684
153.308
44.201
4.993
118.475
11.202
204

1,59
9,06
1,79
0,53
15,5
0,69
0,01
0
0,31
14,5
30,8
27,2
3,54
0,08
12,4
6,01
0,10
0,22
0,19
5,90
0,62
0
0
0,91
0,01
0
0,30
0,60
0,57
100
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Figure 1. Participation of countries in FDI OECD, China, Russia, Brazil [12]
The largest foreign investment in the end of
June this year was the investment of capital from
the Russian Federation in the Oil Industry of Serbia. The agreement on the sale of NIS was signed
in late December 2008. in Moscow and Russia’s
Gazprom Neft has taken over management of Oil
Industry of Serbia at the beginning of February
this year, having paid 400 million euro to buy 51
percent stake in Serbian oil company [23].
In Table 1, FDI in Serbia are shown for period
from January-November 2010 and Table 2 provides more details on inflow of FDI to particular
industry branches.
Net inflow of foreign direct investments in May
2010 was 35 million euros, while previous year in
May it was 41 million of euros. Total inflow, in the
period January-May is reduced from 775 to 394
million of euros. When we exclude the ownership
sale in NIS from the last year’s data, the inflow is at
the same level as in the previous year.
Net outflow of portfolio investments in May
was 2.5 million euros, while in previous year in
April, net inflow was two million euros. Total inflow, in the period January-May, was 57 million
euros, while in the same period last year, the outflow of 0.2 million euros was recorded.
Total loan flows (including trade) previous year
in May were negative. Net outflow on the basis of
loans was 59 million euros and negative loan flows
have existed only in January two years ago, previous and this year and in April previous and this year.
Such big changes in loan flows are dominantely the consequence of short-term loan lines. In
May this year, short-term debt is reduced by 160
million euros, while in May of the previous year it
is increased by 87 million euros.
Volume 7 / Number 4 / 2012

Total utilizations of medium-term and long-term
loans in May were 266 milion euros, repayment of
loans is 260 million euros, so net utilization of loans
was 6 million euros. Previous year in May, utilizations have been 1102 million euros, repayments
361, so the net utilizations were 44 million euros.
Previous year in May, NBS has used 782 million
euros granted by IMF. If we exclude this transaction, net repayments are then 41 million euros.
The biggest Greenfield investment, construction of teh factory of steel tubes of Italian company Eurogroup in Nova Pazova, is worth only
10 million euros, and in addition, there are a few
Braunfield investments, such as new facilities of
Croatian companies Vindija i Nexe group.
Although in the last two years the majority of
investments were in financial sector (about 40%
of investments), in 2010 until now the greatest
investments are recorded in teh sector of mining
and quarrying.
The other investments have gone to real estate,
telecommunication, financial sector and food industry, so in sectoral structure of FDI there wasn’t
any greater change.
Significant investments are also recorded only
in the field of transport and telecommunications,
while construction industry, agriculture and other
activities still remain with very low inflow of foreign capital.
In the last few months, drop of foreign demand
and direct investments has discovered the deficiencies of economic policy expressed through internal
and external imbalance. Fiscal and balance of payments deficit basically mean one and the same thing
– that both the country and citizens spend more than
they can produce and earn. Such practice can last
while there are people who can cover the deficit.
For years, it was done by foreign investors, our
diaspora and financial institutions. As the first two
sources become highly problematic, it remains us
to turn towards foreign creditors.
Due to relatively low external indebtedness of
a country, there is enough space for taking new
loans. However, such strategy can be successful
only in the short run. It can contribute to current
overcomming of problems, without jeopardizing
external liquidity of the country, but very soon essential reforms will become an imperative. Theme
of economic environment reforms leads to the sec1851
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ond issue that is also related to economic crisis. It
is about foreign direct investments in all forms,
including the privatization. Their solw down in
the last two quarters, which would be drastic without the sale of NIS, shows what is clear to everyone – that crisis is a big danger.
However, from the very number of Greenfield
investments, more important are their values, number of employees and export potential. Mostly, it is
about smaller projects, sized from several millions
to several tens of million euros, in the best case.
Even in technologically-intensive sectors, such as
automotive or electronic industry, they most frequently imply the development of semi-products,
so their net foreign exchange effect from exports
is relatively modest in relation to teh height of our
deficit in exchange with the world.
Such a situation is follwoed by the escalation
of global crisis. Collapse of demand is most intensively felt in automotive sector and metal industry
which is related to it, and similar consequences
are noticeable in the field of real estate which then
also affects the industry of construction materials
in which foreigners are very present in our country. Logical reaction of all companies to the drastic
drop in incomes can only be costs reduction and
delay of investments in the short run. If real sector
is also ready for new investments, there appears a
problem of increased aloofness of banks towards
projects financing. Result of this series of mutually dependent processes in the end is significant
slowing down of global flows of investments [20].
Establishing contractual relations with Union
and nomination for membership and especially
formal joining have contributed for all contries to
have a drastic growth of foreign investments. In
some cases, they have increased even by a several
hundred percents.
Consequences of both choices are easy to predict. Privatization of social sector is close to its
end, and it appears that even among state monopolies there are not many people who can bring us a
big capital inflow. Very rapidly, our development
will become critically dependant from the new,
Greenfield investments that are export-oriented
and can provide us more rapid growth of employment and more significant increase of export.
There are signals that show it is thought about it
and that it is seriously worked on it, but good news
1852

remain in twenty and some minute of prime time
news programmes. It is already spoken enough
about Corridor 10, which is not the case with
soem important laws that should significantly improve our position at the famous list of the World
Bank. In previous studies of Doing Business we
were ranked the worse in business registration, licence issuance and closure of companies.
4. Analysis of trends in foreign direct investment in Serbia
Serbia can produce halal food that is consumed
in the markets of former non-aligned countries,
and this will be one of the strategic goals in the
future. In the markets of former non-aligned countries that have about 1.5 billion consumers we can
be competitive. In these markets, there is a turnover of about 600 billion dollars per a year in halal
food manufacturing.
It was also announced that many countries will
move their manufacturing to Serbia, but it didn’t
happen because in teh meantime Serbian market
has become illiquid, as well as markets of neighbouring countries. Data of SCC say that teh biggest investors in Serbia so far have been Norweigian Telenor with teh investment of 1.6 billion
euros, it is followed by Gazpromnjet with teh
investment in energy sector of 947 million euros,
Philip Morris – 611 million euros, Mobilkom Austria - 570 million euros. Among the countries that
have invetsed in Serbia the most there are: Austria,
Germany, Italy, Norway, Slovenia and Russia has
also jointed the group due to realized and planned
investments. Figure 2 offers a preview of FDI in
Serbia for the period 2001-2010.
Collapse of textile industry in Serbia could
be prevented by announced foreign investments.
Hundred foreign investors were interested for the
investments in Serbia, among which theer are famous brands, such as German Hugo Boss and
Italian Benetton.
The advantage of Serbia is to apply Interim
agreement on trade and free trade with Russia,
which open big markets.
Approximation of data on FDI can be implemented by using 6th degree polynomials, according
to methodology described in [7,8] in the form of:
Volume 7 / Number 4 / 2012

technics technologies education management

y = 0 , 6 ⋅10 19 − 0 , 2 17 ⋅ x + 0 , 2 14 ⋅ x 2 − 0 , 2 11 ⋅ x 3 +
+ 0 , 6 7 ⋅ x 4 −11 4 7 ,1⋅ x 5 + 0 , 0 9 5 4 ⋅ x 6
where:
y – is regression value of foreign direct investments (FDI) and
x – year.

Figure 2. Foreign direct investments in Serbia
for the period 2001-2010. [22]
Graphic representation of approximation of
data on FDI in Serbia by using 6th degree polynomials is given in figure 3.

Figure 3. Graphic representation of approximation of data on FDI in Serbia by using 6th degree
polynomials
Analysis of variance (ANOVA) for data on FDI
in Serbia and regression model in the form of 6th
degree polynomial is given in table 3. Based on
ANOVA analysis, we can observe that 6th degree
polynomial describes well the data on FDI in Serbia since correlation coefficient is R=0,901, coefficient R2=0,8118, and value of F-test is F=116,9.

According to the data on FDI in Serbia (figure
2 and 3), we can observe that minimum amount of
FDI in Serbia was in the year 2000 and maximum
in 2006. According to the trend function, maximum amount from 2006 should be reached after
the year 2017.
5. Conclusion
Serbia needs foreign direct investment, since
domestic savings are small, it lacks administrative
skills and modern technology, and developed export channels. Alternative arrival of foreign direct
investments is loans that are expensive and will be
more expensive, and the low domestic savings to
finance investment.
Foreign direct investment can accelerate economic growth not only as a supplement to domestic savings, but also because they provide access
to new technology Foreign direct investment may
result in direct imports of advanced technology,
and transfer of management and production oriented knowledge.
Research shows that incoming foreign direct
investment may have positive externalities for
countries characterized by relatively good availability of human capital in countries that accept an
export-oriented strategy.
Serbia in 2009 attracted 1.92 billion dollars of
direct foreign investment, a decline compared to
2008, when foreign investment reached 2.99 billion dollars.
In 2010, Serbia attracted 1.300 billion of EUR
of foreign direct investments and in 2009 – 1.800
billion of EUR, which is a decline compared to the
year 2008 when foreign investments reached 2.254
billion dollars. However, regardless of that information, Serbia still has a leading position in region
– according to the report of United Nations Conference of Trade and Development (UNCTAD), Serbia, with 1.3 billion dollars of foreign investments
in 2010, was ahead of Albania – 1,1 billion, Slovenia – 834 million and Croatia – 583 million.

Table 3. Analysis of variance (ANOVA) for data about FDI in Serbia
Source
Regression
Error
Total

DF
5
22
27
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SS
20.170.832
3.796.150,6
23.966.982,6

MS
20.170.832
172.552,6
-

F-Value
116,90
-

p
0,0055
-

F-Crit
2,9486
1853
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In the following period, based on foreign direct
investments trend, we can observe positive trend
or increase in FDI in Serbia in the following period, which is also confirmed by political situation
in Serbia.
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Abstract
The global economic crisis that hit the national
economies around the world for the fourth consecutive year continues unabated. Long-term effects
of the crisis in world financial markets have accelerated and emphasized the debt crisis in the Euro
zone, as well as the investment crisis felt on all
continents. These global trends have had negative
effects on the unstable Serbian economy, and the
most direct consequences are reflected in the increased unemployment and economic insolvency.
The effects that tourism has on the national economy of Serbia in terms of employment, investment
and foreign exchange earnings are in the focus of
this paper. At present these effects are minimal, but
they can be multiply increased by proper observing
and taking advantage that Serbia as a tourist destination offers. In this sense, despite negative happenings in the global marketplace, business tourism records high share at Serbian tourism market.
Completed and planned infrastructure facilities and
supra-structural facilities and high occupancy rates
of hotels owing to business guests show the importance of this form of tourism in Serbia. In addition,
this paper proposes a model of competitiveness of
Serbia as a business tourism destination as an indispensable condition for further development of business tourism in Serbia.
Key words: business tourism, Serbia, economy, transition
Introduction
In a period of great turbulences in the world
financial markets, increased uncertainty in the investment activities and reduced consumer demand
for products and services, there is a certain “confusion’’ in monitoring, forecasting and impact of
business tourism to the tourism industry, but also
1856

to an economy as a whole. Global economic crises, to a large extent, influences to the economies
of transitional countries in Eastern and SE Europe.
The economic structure of these countries was inherited from the past and experienced huge changes in past two decades. The degrees to which they
adjust to the reform process determine their ability
to integrate into the world economy and respond
positively to new economic conditions (Lokshin
and Jovanovic, 2003).
The interaction between crises and tourism in
its multiple forms is described by various authors
as still under-researched (Ali and Ali, 2010).. Sonmez (1998) says that “researchers need to explore
possible solutions and preventive measures to deal
with crises”. According to these attitudes it can be
said that the importance of business tourism to national economies of transitional countries is also
under-researched and requests higher awareness
and implication of the researchers. This paper will
explore the connections of business tourism and
national economies with special attention to Serbia as a country which is still in transition period
which lasts longer than in any surrounding country. Serbia is in similar state as were Hungary, Romania, Bulgaria and Croatia in the end of XXth
century and in the first half of XXIst century. With
the entering into EU and development of stronger
institutions and experienced institutional changes
in mentioned countries (Schweickert et all, 2011)
Serbia was left “alone” in the transitional field of
South Eastern Europe.
The importance of business tourism on a
world scale
In the framework of international and domestic tourist movements, business tourism occupies
a significant position. It has been estimated that,
Volume 7 / Number 4 / 2012
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in 2009 there were between 16% and 20% business tourists out of 880 million international tourists. According to the WTO, 15.6% from the total number of tourists, or about 119 million, were
participants in business trips in 2004, but already
in 2005 the share increased to 16% or to about
130 million business tourists and professionals.
According to some claims, the share of tourists
and business professionals is even higher and
it amounts to about 29% of the total number of
tourists. (Šimičević, Nicić, 2007) The global economic crisis has affected national economies and
caused a fall in gross domestic product (GDP) in
2008 reflecting the decline in international tourism in 2009 compared to 2008 for about 40 million tourists. However, international tourism has
recovered quite rapidly and the growth of tourist
traffic in 2010 amounted to about 6.6% compared
to 2009, accounting for about 940 million tourists in international tourism. Economic effects of
tourism in 2010 are significant, so that about 5%
of the world GDP is realized by tourism, generating at the same time 6 to 7% of jobs in the world,
and the value of the exported goods and services
through tourism has reached around 6% of total
world exports. It is estimated that in 2010 about
15% of the total number of international tourists
travelled from business and professional reasons.
(UNWTO Tourism Highlights, 2011 Edition)
Some authors state that the crisis may be the
driving force behind the development of business

travel and business tourism. At the first glance, it
is illogical but Bull states that in business trends
and business tourism companies often increase the
number of trips to maximize sales efforts and the
number of clients in the years of crisis, while during the time of progress and prosperity they reduce
expenses for business trips because the demand
for their services and products is at a satisfactory
level. (Davidson, Cope, 2002)
Based on data in Table 1 it is possible to conclude that business travel has a huge economic impact on tourism development not only in business
tourism destinations, but also in other destinations.
Additionally, it is most dominant for transport sector, where business travelers make up a significant
part of the overall market, especially with regard
to air traffic. From 2000 when the consumption in
the business travel was about 555 billion dollars,
a growth of around 50 % was recorded by 2010,
when the total consumption in business travel was
around 837 billion dollars.
In terms of business tourism revenue the leading regions are Europe and North America, the
traditional centers of business tourism. Some
changes occurred in the market of business travel
and events, including the most significant ones as
follows (Davidson, 2009):
- The organizers of business events decide for
certain aspects of the organization at the last minute, because they do not want to order products
and services in advance but just before the event

Table 1. Income from business trips by world regions in the period from 2000 to 2011 (in billions of dollars)1
Region
Caribbean
Europe
EU 27
Latin America
North America
Middle East
North Africa
Sub-Saharan Africa
Southeast Asia
North East Asia
Oceania

2000.
2,006
182,57
165,76
17,83
199,30
10,07
3,51
6,41
21,19
95,52
8,49

2002.
1,94
176,02
158,39
17,13
181,93
10,25
3,71
7,09
23,46
93,33
8,01

2004.
2,29
213,05
191,49
19,61
213,39
13,86
5,07
9,58
26,66
112,80
10,59

2006.
2,82
254,11
225,49
27,72
258,10
19,24
7,27
13,93
32,99
141,96
12,75

2008.
3,23
293,77
253,58
32,64
272,99
26,94
9,92
17,71
45,16
165,07
14,38

2009.
2,94
244,94
208,58
33,26
218,67
24,52
10,43
19,44
36,43
155,22
12,83

2010.
2,96
246,35
208,01
37,03
241,09
26,44
11,23
21,96
38,26
170,92
15,90

2011.
3,14
249,03
208.73
39,35
264,40
29,38
11,44
24,03
41
190,39
17,25

Source: www.wttc.org/research/economic-data-search-tool/
1 The complete income including transportation and domestic and foreign business trips are taken into consideration. The
assessments are given for 2011.
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and thus give themselves additional time looking
for a more favorable offer.
- The decision on a specific event venue is
largely based on price and takes into account
a larger number of bids.
- The share of one-day business events Increase
in order to avoid additional cost of overnight
accommodation.
- The organizers of the event reduce the number
of suppliers to benefit from the economy of
scales and involve the same suppliers for
events.
- In contrast to the corporate market, the market
of associations and government agencies
reports growth for up to 20%.
Economic effects of tourism on Serbian
economy
The economic effects of tourism on the economy of Serbia can be observed from many aspects
some of which are share of tourism in the gross
domestic product (GDP) of Serbia, the revenue
from foreign tourists, the number of employees in
the tourism sector related to total employment and
the share of investment in tourism in total investments in Serbia.
The data presented in Table 2 show that in the
period from 2001 to 2010 the GDP in Serbia grew
more than 3.5 times rising from about 9.4 billion to

over 41 billion USD. In the observed period there
was an increase in GDP per capita in the same relation, i.e. it was increased from 1220 USD to over
4100 USD per capita. The share of hotel and catering facilities in GDP in the entire observed period
is around 1% and the share of activities of travel
agencies and tour operators is negligible at about
0.1% (Statistical Yearbook of Serbia, 2010).
The data on employment in Serbia are profoundly disturbing. From 2001 employment rate
is constantly decreasing and the unemployment
rate in the same period increased from 26.8% to
nearly 30%. This trend continued in 2011, which
will have a strong negative effect on the overall
economic development of Serbia. In the same
period the number of employees in the facilities
for accommodation and food drastically dropped
from near 38,000 to just over 20000. Compared
with the situation in the EU, the share of employees in hotels and restaurants is about 4 times less
with 4.22% of the total number of employees in
the EU. (http://epp.eurostat.ec.europa.eu/statistics_explained)
The number of employees in the activities of
travel agencies, tour operators and booking was
minimal, and in 2010 only 2929 workers were
employed there, or 0.16% of the total number of
employees in Serbia. Also, the transport sector is
important for the development of tourism in Serbia, but we cannot determine how many employ-

Table 2. The share of tourism in GDP in Serbia (hotels and catering facilities)
Year
Total GDP (in millions $)
GDP per capita (in $)
The participation of hotel and catering industry
in GDP (in %)
GDP growth (in %)

2001
9427
1220

2005
25234
2729

2006
29221
3144

2007
39385
3900

2008
48856
4547

2009
41658
4093

2010
/
/

/

1,05

1,11

1,04

0,95

1,02

0,96

4,8

5,6

5,2

6,9

5,5

-3,1

1,5

Sources: Statistical Yearbook of the Republic of Serbia 2010, Statistical Yearbook of Serbia 2011 - National Accounts, Investment Guide to Serbia / Questions and Answers (2011), Serbian Investment and Export Agency, Belgrade, pg. 10-11 and the
authors’ own calculations.

Table 3. Employment in Serbia and the share of employees in the facilities for accommodation and food
Year
2001
2006
2010

Total of employees Unemployment Employees in hotels and Share of employees in hotels
in Serbia
rate (in %)
catering facilities
and catering facilities
2101668
26,8
37939
1,8
2025627
31,1
24736
1,22
1796000
29,3
20863
1,16

Sources: Statistical Yearbooks of Serbia 2002-2011 and the authors’ own calculations
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ees are directly or indirectly involved in supplying
services to tourists. Within this sector the most important for tourism are road and air traffic in which
there were 55,239 employees in 2010, or 3.07%
of total employment in Serbia. In absolute terms
it is a decrease of about 14,700 workers compared
to 2001, while the decline in the share is minimal,
amounting to only 0.15%. These data are worrisome, not only because of the decreasing number
of employees but also because of the participation
of employees in activities directed to supplying
services to tourists which ranges from 1.16% to a
maximum of 5% depending on the scope of observation in 2010.
Table 4. Foreign currency inflow from tourism in
Serbia
Year
2006
2007
2008
2009
2010
January-june
2011

The foreign
Foreign
currency inflows currency inflow
(in EUR 000)
(u 000 USD)
/
/
639 900
617 177
604 856

416 320
531 293
944 251
865 373
798 382

279 189

393 523

Source: www.merr.gov.rs, www.nbs.rs

Foreign currency inflow from tourism in
the period from 2001 to 2010 recorded certain
growth. However, when compared with neighboring countries, which are also direct competitors of Serbia on the international tourism market,
foreign exchange inflow from tourism in Serbia
is negligible. All the observed countries together
(Figure 1) made about 35 billion USD or 3.81%
from international tourism in 2010. This is an increase compared to the results from 2006, when
these countries accounted for 3.33% of the total
world income from international tourism. (http://
earthtrends.wri.org/text/economics-business/variable-252.html)
In the period from 2004 to June 2011 $ 15.7
billion of direct foreign investment, or slightly
over 13 billion euros, have been invested in Serbia. However, based on the data shown in Figure
2, it can be noted that investment activity declines
since 2006, when $ 4.2 billion were invested.
Reduced investment activity coincides with the
Volume 7 / Number 4 / 2012

global economic crisis, so in 2010 only US$ 1.15
billion or 860 million Euros were invested.

Figure 1. Foreign currency inflow from tourism
and its share in the world income from international tourism in Serbia and the surrounding in
2010

Source: www.data.worldbank.org / indicators / ST.INT.RCPT.
CD, UNWTO press release, 2011 and authors’ own calculations

In the same period in hotels, restaurants and
the related activities of travel agencies 166 million
dollars were invested, while according to some estimates from 2005 to 2010 the total investment in
the tourism sector was around 300 million Euros.
(Investor’s Profile Serbia, 2011) The biggest investment activity in the tourism sector was recorded in 2007, 2008 and the subsequent years, i.e. the
years after the largest investments in Serbia, after
which followed a fall in investment. However, encouraging is that in the first half of 2011 twice as
much as in the entire 2010 (about 7.5 million dollars or 15% more than in the entire 2009) were
invested in hotels and restaurants.

Figure 2. Foreign direct investment in Serbia
and investments in hotels, restaurants and travel
agencies from 2004 to 2010
Source: www.nbs.rs
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The assessment of business tourism effects
in Serbia
Business tourists are an important segment of
demand on the tourism market of Serbia. There is
an estimate of the number of business travelers in
the total number of tourists in Serbia, but there are
no accurate records. The closest estimates are for
Belgrade not only as a leading tourist destination,
but also as a leading business tourism destination
in Serbia. The reason for the lack of accurate data
must be sought in inadequate statistical data collection and processing. The fact is that most of the
commercial tourist routes are directed to Belgrade.
In 2006 there were 60% of domestic and 40% of
foreign visitors in Belgrade were business tourists,
and the plans by 2018 predict that their total share
will be about 32.5%. (Tourism Development Strategy of Belgrade, 2008) There are some estimates
suggesting that 85% of guests in Belgrade are business guests. Among them, 70% are individual business guests, and 15% participants in MICE movements. Unfortunately, there are no accurate data.
Within business tourism a special sig nificance
has congress tourism. According to the ICCA (International Congress and Convention Association),
more than 8290 internati onal events o f this type,
which have a constant character and are repeated at
regular intervals, were hosted in 2009, the year of
crisis (in Belgrade 25 of this number). (The International Association Meetings Market 2001-2010,
2011) The latest data for 2010 show that 46 events
among which 33 in Belgra de according to ICCA
standards were held in Serbia. This puts Serbia on
the 43rd position among the world cou ntries, and
Belgrade on the 55th position among the world cities.
In order to determine the purposes for tourists’
arrival in Serbia a poll research was carried out
using a quantitative method of inquiry. A poll survey is a widely accepted way of collecting data
related to the opinions, knowledge, attitudes, beliefs, behaviors, plans, origin and a series of other
attributes of the respondents. (Taylor-Powell, Herman, 2006) The poll was conducted in the hotels
on the territory of Belgrade1 as a leading tourist
destination in Serbia, where the questionnaire was
1 The poll was distributed to the hotels: Holiday Inn, Hayat
Regency, Zlatnik, Zira, Palas, Belgrade Continental Hotel,
Best Western Šumadija, Serbia, In-Hotel and Majestic.
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distributed to guests on their arrival by the hotel
reception services
Completing the questionnaire was voluntary
and 290 guests took part in the poll containing
nine questions that respondents answered. In this
case a closed type of questionnaire was used with
multiple-choice answers that should be encircled,
together with a combination of open poll on particular issues (questions concerning the origin of
tourists, a destination that they will visit and the
duration of their stay). The study was aimed at
proving the hypothesis that the majority of hotel
guests in Serbia are business guests or visitors
who stay there for business reasons. The study
involved only foreign tourists, while domestic
guests were not the target of this research.
The surveyed visitors responded to 9 questions,
and the first question referred to where they came
from. The remaining 8 questions were related to
the purposes for their visits, length of stay, frequency of their visits, etc. By answering the third
question in the questionnaire participants gave the
reason for their stay in Serbia. Six guests out of
the total 290 respondents, or 2.06%, did not circle
any of the offered answers. All the others chose
one of the answers. (Figure 3) Even 169 of the interviewed guests reported business as the purpose
for their stay in Serbia and this was far ahead of all
other answers provided.

Figure 3. Purposes for tourists’ arrival in Serbia
Source:Authors

When considering the length of stay, the results
obtained at the polled sample indicate that 61.38%
of guests planned to stay up to 4 days, 29.31%
planned to stay 5-10 days, and only 6.21% over
10 days. Based on this survey it can be concluded
that hotel guests in Serbia:
Volume 7 / Number 4 / 2012
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- are mostly from Europe,
- are generally from the area of South and
Southeast of Europe,
- stay predominantly up to 4 days,
- come mainly for business reasons,
- largely come from the former Yugoslavia and
in this case, visiting friends and relatives in
addition to business reasons is the dominant
reason for their arrival.
The proposed model of competitiveness of
Serbia as a destination of business tourism
It is essential that managers in the destination
understand how they can increase or maintain the
competitiveness of a destination. It is therefore
very important to identify and establish competitive advantages or disadvantages and to analyze the
competitive position of the destination. (Gomezelj,
Mihalič, 2008) The concept of competitiveness has
been adopted from economic theory and applied
to specific companies and organizations, as well
as to countries. There is a large number of definitions of competitiveness, and one of the first and
the simplest is the one given by Newell by which
competitiveness is the ability to produce more and
better goods and services being successfully sold to
consumers’’. (Yoon, 2002) The World Economic
Forum considers competitiveness from the aspect
of states and defines it as ‘a set of institutions, policies and factors that determine a country’s level of
productivity’(World Economic Forum (2010): The
Global Competitiveness Report 2010-2011).
Buhalis quite simply says that “the destination
competitiveness is associated with the economic
prosperity of the population of a state’’. (Vengesayi,
2003) Enright and Newton claim that competitiveness is increasingly seen as critical to the performance of tourist destinations in the ever sharper
world market. (Enright, Newton, 2005) Dwyer
and Kim define tourist destination competitiveness
as “its ability to supply goods and services that are
superior to other destinations in those aspects of
tourism experience that are considered essential
by tourists’’. (Dwyer, Kim, 2003) D’Hauteserre
defines destination competitiveness as the ability
to maintain its market position and share and / or
improve them over time’’. (D’Hauteserre, 2000)
Hassan says that competitiveness of a destination
Volume 7 / Number 4 / 2012

is “its ability to create and integrate products with
the value added to sustainable resources and to retain its market position compared to the competition’’. (Wilde, Cox, 2008) It could be concluded
that the competitiveness of a tourist destination
represents its ability to make profit from the tourist
traffic for a longer time by creating and delivering
added value to tourists through adequate coordination of a set of different variables.
The most famous model of tourist destination
competitiveness was developed by Crouch and
Ritchie in the period from 1993 to 1999, redesigned in 2003 and called it the conceptual model
of destination competitiveness. Their model indicates that the competitiveness of the destination
is based on the wealth of resources or comparative advantages on one side and the ability to exploit these resources or competitive advantages on
the other. (Crouch, 2007; Ritchie, Crouch, 2000;
Crouch, Ritchie, 1995)
Crouch and Ritchi’s model was developed as a
general model that could refer to any destination
or tourism market, and not as a model applicable
to a specific situation, so that it was planned to
consider all potentially relevant attributes rather
than to be narrowly focused on certain aspects of
competitiveness such as price competitiveness or
destination attractiveness. There are several notable tourism destination competitiveness models like often cited model developed by Kim and
Dwayer. (Dwyer, Kim, 2003)
Model for measuring the competitiveness of
Serbia as a business tourism destination is based
on the conceptual model of destination competitiveness made by Crouch and Ritchie, and integrated model of destination competitiveness created by Dwayer and Kim. Since none of these
models takes competitiveness of business tourism
destination for the focus of their research, but they
address competitiveness in general, the adjustment of these models has been carried out. In this
way a new modified model of business tourism
destination competitiveness was cre ated, which
has its own specific features. The competitiveness
model of Serbia as a business tourism destination
consists of 29 attributes classifi ed into 3 groups
of determinants, provided that the attribute called
“rating the overall attractiveness of the destination’’ is left independent. The first determinant of
1861
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Table 6. Determinants and attributes of competitiveness model of Serbia as a business tourism destination
Determinants

Attributes

Key resources

- Traffic and geographical position of Serbia in relation to the mentioned competitors
- State of transport infrastructure
- State of the Environment
- Climatic factors
- The possibility of practicing outdoor activities
- The possibility of practicing water sports
- The wealth of cultural and historical heritage
- Gastronomy
- Preservation the traditional arts-crafts
- Entertainment
- Culture
- Possibilities and choices when buying
- Arrangement and the availability of attractive elements of the tender

Specific resources
of business
tourism

- Condition of accommodation facilities
- State and number of congress, conference and fair facilities
- Features of congress, conference and fair facilities
- Quality of service in hotels, restaurants, trade network
- Availability and quality of tourist agencies specialized in business tourism
- Use of non-specific capacities in business tourism (factories, castles, halls, etc.).

Destination
Management

- The existence of recognizable symbols of the destination
- Level of employees’ training for the specific needs of business tourism
- Knowledge of foreign languages by
 employees in the tourism industry
- The existence and availability of promotional materials about business tourism in Serbia
- The existence and availability of promotional materials on Serbia as a destination
- The involvement of local people in the creation of Serbia as a business tourism destination
- Political and economic stability
- Recognizability of Serbia in the regional market of business tourism
- Recognizability of Serbia in the European market of business tourism

Independent
attribute

- Rating the overall destination attractiveness

Source: Authors

the model is “key resources” which include 13
attributes. The second determinant is “specific
resources of business tourism’’ which include six
attributes. The third determinant is “destination
management’’ which includes nine attributes and
“ranking the overall attractiveness of the destination” as an independent attribute.
The determinant “specific resources of business tourism’’ was created specifically for the
needs of this model. For the purpose of this study
the attributes that are classified in this determinant
represent the basis for the development of business tourism in a destination and therefore are the
key resources for this type of tourism. In this way
all the important business tourism destination attributes are included within a single determinant,
which affects their better understanding. In Table
1862

6 a model of competitiveness of Serbia as a business tourism destination is presented.
Conclusion
Based on the above data it can be concluded
that tourism has an important place in the world
economy. In order to attract as many quality guests
and achieve a dominant competitive position with
the most favorable financial results, a significant
number of tourist destinations have opted to supply service to the markets of business tourism and
business guests. Given the significant expenditure
of participants in business travel even in the global
economic crisis it may be deduced that business
tourism destinations committed for business tourism have acted properly in their choice.
Volume 7 / Number 4 / 2012
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As regards the national economy of Serbia and
the impact of tourism on it, the conclusion is imposed that at this moment Serbian tourism industry
is underdeveloped and therefore achieves modest
results compared to the possibilities, which affects
the impact of tourism on the overall economic
development of the country. On the other hand,
business tourism occupies a dominant position
by both, the number of tourists and the achieved
results. Therefore, the increased investment in accommodation and business facilities intended to
business tourists in Serbia are present. The leading
business tourism destination centers in Serbia are
Belgrade and Novi Sad.
For the purposes of further study, the development of the position and strengthening effects of
business tourism in Serbia, it is important to establish its competitive position in the market of business tourism. For this purpose the model of competitiveness of Serbia as a business tourism destination
has been developed, which represents an authentic
model for the specific needs of Serbia as a business
tourism destination. This model should be the starting point for further research on competitiveness of
Serbia as a business tourism destination. Its modular construction allows a relatively easy and quick
adjustment to the needs of other aspects of Serbia’s
development. Thus, its contribution is multiple and
significantly impacts the strengthening of Serbia’s
position in the business tourism market.
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Abstract
On the basis of the Law on Compulsory Insurance in Traffic of Republic of Serbia, the Government of the Republic of Serbia passed a Decree on
compensation for damage to persons, the contest
way and criteria for compensation for material
and immaterial damages in the event of his death,
injury and damage to the health of persons. The
goal of this paper is to show the way this issue
was regulated by the above Regulation, then, to
compare this legislation with the legislation this
issue in some neighboring countries (Montenegro
and Croatia), as well as to make access to practice
of these three states. In addition, the goal of this
paper is to indicate the disadvantages of such legal
and sub-legal regulations. Namely, this Regulation is regulated in Serbia by a substance which
is already regulated by the Law on Contracts and
Torts will legislature to regulate this issue otherwise, with a special sub-regulation on damage
compensation to persons, which will be applied to
cases of damages on the basis of mandatory insurance forms of responsibility in the traffic, i.e. in an
automobile liability insurance, the insurance from
airplane and boats owner responsibility for damage caused to third parties.
Key words: compensation for damage to persons, property damage, non-pecuniary damage,
the criteria for the compensation, compulsory insurance in traffic.
1. Introduction
Compensation for damage to persons is the
subject of permanent and great attention and interest of legal sciences, business and judicial practice. This is because the damage to persons is reVolume 7 / Number 4 / 2012

lated to the non-material damage infringement of
the non-pecuniary good, as well as the body, life
and health, in other words infringement of rights
figures, as well as the material damage caused in
this regard. It is understandable, that this is an issue of interest to the whole regulation process of
the entire non-contractual civil liability, not only
of interest to segment compulsory insurance of
civil law responsibilities in traffic.
In particular, industry insurance shows great interest for legal regulation and the practice of compensation for damage to persons, given the fact that
around half a total paid compensation damages in
compulsory Insurances in Traffic goes to the damage to persons, together for property and non-pecuniary damage, with the second one referring to a
greater deal. Given this fact, in the last decade, and,
in particular in recent years this issue is being paid
to all greater attention in many countries by the lawmakers and insurers, also the bodies that supervise
insurance, courts, the Association of to the Insurance Right, professional and scientific public, policy
holders, consumers and other interested parties.
We should recall that it is in 1975, that the European Union issued the Resolution number 75/7,
as the coverage for physical injury or death.1 Resolution refers to compensation for physical injury
or death in the field non-contractual barriers established obligations, i.e. insufficiently regulated
non-contractual responsibilities. At first resolution
stated that it is desirable to reduce existing divergence between the law and practice of the member states in this area and that it is expected that
the solutions to the recommended Resolution will
contribute to promoting harmonization of laws
1 Resolution (75)7, adopted by the Committee of Ministers
of the EU, 14.03.1975.
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governing the issue and harmonizing practices. In
the following text we will refer to the way these
questions are regulated in Serbia and some neighboring countries as well as to the law practice.
2. The legislation of certain forms of
compensation damage on persons in
Serbia within the compulsory insurance
in traffic
Upon adoption of the Law on Compulsory Insurance in Traffic,2 the Serbian lawmaker chose
to determine in particular compensation for the
damage on persons for the purposes of compulsory insurance in traffic, but not so that the very
lawmaker offices that question by law, but it is
the government that is authorities to closer define
criteria for the compensation and damages in persons.3 In this way the legislature has expressed
its position wanting, for the purposes of compulsory insurance in traffic, to exclude application of
the Law on Contracts and Torts that regulate the
issue of compensation for damage to persons, to
the benefit application of new, different, special,
bylaws, lex specialis provisions on compensation
damage on persons that will be issued by the government. On the basis of such authorization Serbian government passed a Decree on compensation damage on persons (hereinafter referred to as:
the Regulation),4 which is used to determine the
way and criteria for establishing the material and
immaterial damage, as well as round persons who
have the right to the compensation, and it also prescribed the maximum amounts of compensation
for pain suffering due to the death or serious disability a person.5 Not in one part, does this Regulation call on the provisions of the Law on Contracts
and Torts, the law which completely regulates
compensation for the damage on persons. Also,
the Regulation does not further develop provisions of the Law on Contracts and Torts, on the
2 Law on Compulsory Insurance in Traffic (“Official
Gazette of the Republic of Serbia”, No. 51/2009).
3 Article 26, LCIT
4 Regulation on Compensation for Damage to Persons
(“Official Gazette of the Republic of Serbia”, No.
34/2010).
5 Article 1 Regulation on Compensation for Damage to
Persons.
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contrary, in a special way it regulates compensation for the damage to persons only for the purposes of the Law on mandatory insurance in traffic. That is why an allegation from article 1 cannot
be accepted; regulation according to which “this
regulation closer regulates...“ compensation for
damage to persons. In other words, the above Decree does not provide “closer” (i.e. more detailed)
damage to persons, but the issue is completely differently regulated than it is a matter governed by
the Law on Contracts and Torts.
This regulation was criticized at the time of
adoption of the Act on compulsory insurance in
traffic, but later as well, when the Regulation was
adopted.6 The basis for the criticism was that the
Government, as the executive organ of government, arranged by the Regulation of damage compensation to persons as an important substantive
legal question that can be created only by law.
That is why the Regulation has a limited effect and
the range; it may oblige only insurance society in
extra-judicial settlement procedure of damages.
For the Court the Regulation has no importance,
the Court is still obliged to apply the law of Contracts and Torts relations, which is regulated by the
issue of damages to persons. But not all damage
claims are submitted to court, most victims claim
their rights in the extra-judicial proceedings with
the insurer, so it is in the best interest to the legal
security of damaged, i.e. victims to know by what
criteria and in which amount they can realize the
compensation claims out of court by the insurer.
This issue is of importance for the protection of
policyholders and other insured persons whose
civil liability to the injured party is regulated by
the Law on Contracts and Torts in a different and
broader way than in the Regulation.
Below we will focus on the analysis of some
solutions of the Regulation on compensation for
damages to persons and whether there are any
consequences of this regulation produced in the
jurisprudence of Serbia.
6 Further reading, see: PhD Sinisa Ognjanovic, Some
issues regarding injured persons’ rights in respect of
insurance against civil liability in connection with the use
of motor vehicles, “Insurance Law Review“, No. 3/2010,
pg. 72; PhD Predrag Sulejic, Positive and negative
solutions in the new Law on Compulsory Insurance in
Traffic „Insurance Law Review“, No. 3/2010, pg. 75.
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2.1. Property damage
2.1.1. Compensation for loss of earnings
during temporary inability to work
According to Article 5 of the Regulation, this
fee belongs to the injured party who was unable
to perform his regular work obligation, which is
in accordance with legal regulations, and therefore
did not achieve the earnings that would otherwise
belong to him in accordance with the law governing labor relations.
Such provision is too narrow because this fee
is made available only to injured parties who are
employed, and this provision excludes the right to
compensation for those injured who are getting
paid, but are not employed, and still earn by doing
some casual or temporary jobs, ad hoc jobs, such
as various jobs in agriculture (sowing, planting,
digging, mowing, reaping, harvesting, grafting,
pruning, cutting wood, etc..), various home help
in editing the yard, etc.
2.1.2. Compensation for loss of earnings due to
permanent (total or partial) incapacity
for work
In Article 6 the Regulations regulate incorrectly
the compensation for the lost wages and damages
to the aggrieved parties. It is common knowledge
that the loss of earnings is calculated as a difference between: a) the amount which is realized by
the injured party (e.g., as a pension, in case of permanent total disability to work or that the amount
realized by working with the remaining capacity
to work in case of permanent partial incapacity for
work) b) the amount which would be realized to
the injured party by the ordinary course of things,
if one was not injured. This is the way the future
monthly interest rate is being determined.
Therefore, it is not appropriate to take for the
calculation (as the parameter b), the amount of “average earnings in a given activity,” as it appears in
the Regulation, but we should taken the prevailing
wage, which would most likely have been realized, had the injured party not been injured. Therefore, it is proper to the calculation of lost earnings,
to take data on three employees at the company
where the injured worked at the time of injury or a
Volume 7 / Number 4 / 2012

related company, if the first one ceased to exist, that
people have the same or similar competence, qualifications, work experience, age, etc., as well as the
person injured, and then determine the average salary for those three individuals, while the obtained
average amount is taken as the amount which the
injured party would have realized by the ordinary
course of things, had one not suffered complete or
partial incapacity for work.
2.1.3. The compensation of funeral expenses
In Article 8 of the Regulation the compensation
for the costs of the funeral is determined so that, by
the principle of clausus numerus, the necessary expenses of burial according to custom are listed. The
definitive list of eligible expenses unreasonably does
not include, for example, charges for the death certificate (notice in the newspaper or on the leaflet in
the smaller towns of the death of a person, place and
time of burial), expenses for burial place, although
these costs are undoubtedly the necessary expenses
for funerals according to customs.7 Amount of compensation for the costs of funerals is not prescribed
by the Regulation, but it is determined by the amount
of actual costs, based on the account, up to the average prices in the place of funerals.
2.2. Non-pecuniary damage
Non-pecuniary damage, in terms of this Regulation covers the following aspects: physical pain,
mental distress due to diminished life activities;
suffered fear, mental distress due to the disfiguration; grief over the death of a close person; mental
distress due to severe disability of a close person.
2.2.1. The physical pain
The amount of compensation for damage caused
by suffered physical pain is determined, among other criteria previously taken (pain intensity and its
duration), and depending on the percentage of diminished viability. The fee provided is in the range
of 500 to 3,000 euros. Thus, the physical pain as a
7 Resolution (75)7 expressly establishes the right of the
injured party to compensation for the death certificate
and burial place (see the Resolution, the Memorandum,
Principle 14, paragraph 55).
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result of serious injuries which caused the reduction
of general life activities for more than 30% to 50%
belongs to the 1,500 to 2,000 euros. While compensation for physical pain for very severe injury and
impairment of general life activities for more than
50%, fall from 2,000 to 3,000 euros.
Physical pain and the reduction percentage of
general life activities are not necessarily in a causal relationship. Normally, the position of the Resolution is that the compensation for physical pain
should be paid based on its severity and duration,8
and this recommendation was accepted by our
Law on Contracts and Torts,9 However, the Regulation provides a different solution, the one which
does not comply with the above Resolution (75) 7.
2.2.2. Mental distress due to the diminished
life activities
The Regulation introduces a new name for the
“common life activity”, although the Law on Contracts and Torts in Serbia does not mention that the
life activity as “general”, but uses the name “life
activity”.10 What is the difference between these
two terms and why the Regulation introduces a new
concept, that is adds the word “general”? Are two
different types of damage being considered here?
It seems that the Regulation was used in order
to make it clear that this type of damage includes
the reduction of only the usual, standard, typical,
or average life activities (i.e., “general life activities”), and not the reduced “special”, specific,
non-standard life activities, which may exist, and
whose reduction may occur, but this particular,
specific life activity is not subject of legal protection and indemnity by the Regulation.
In this way the Regulation provides specialized
coverage for reduction in “general environmental
activities” of the coverage of Law on Contracts and
Torts which is given for the reduction “environmental activities” which includes environmental activity
for the entire concrete damaged persons, therefore,
and the general and special. Practically, such specifying obtained a new short-form of non-pecuniary
8 Resolution (75)7, an annex, principles relating to compensation in case of physical injury and death, Item 2.9.
9 The Law on Contracts and Torts, Article 200.
10 The Law on Contracts and Torts, Article 200.
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damage, which refers only to the general reduction
in life activities, i.e., only one part life activities, not
the entire life activities of a person, which is always
“general” and “special”. That is why the coverage of
Regulation is more unfavorable for damaged compared to the one which that the injured party has by
the provisions of the Law on Contracts and Torts. On
the other hand, this kind of legislation and regulation
narrows civilly insurance coverage of the insured
and other insured people because insurance covers
only the general life activities, while the compensation for the reduction of specific life actions leaves
the burden of civil liability of the person.
Amount of damages for emotional distress due
to the diminished life activity is determined by the
criteria of the percentage reduction of viability of
activities, depending on age and for every 1% reduction of viability of activities belongs to a certain amount to the injured party: with face up to
the age of 20 - to 160 Euros, from 20 - 35 up to
150 euros, from 35 - 55 up to 140 euros, over 55
up to 130 euros. Compensation is “increased by
20%” when the general life activity is decreased
for 50% or more, depending on the circumstances
of the case. Probably it would have been stated
that at that time, depending on the circumstances
of the case, the compensation was increased for
up to 20%, not exactly for 20%, due to the issue
“depending on the circumstances of the case.”
As we can see the amount of compensation is
almost completely dependent on objective criteria
(percentage of reduction of viability and the activities of life as well as the age). By taking into
account some other circumstances of the case (for
the individualization of compensation) in paragraph 3 of Article 12 of Regulation, the compensation can only be reduced (e.g., the expression up
to160 euros mean less), not increased.
The trend here is the objectification of nonpecuniary damage. The intensity and duration of
mental suffering are neither established nor conducted, and the compensation is given for the much
suffered emotional distress, while nor the strength
or duration of emotional distress are being determined. Moreover, the existence of the emotional
distress is not determined at all. The existence is
taken as evident. However, according to the above
mentioned Resolution, the compensation payable
for mental suffering (grief) is determined on the
Volume 7 / Number 4 / 2012
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basis of its severity and duration,11 which is not the
case in this Regulation.
2.2.3. The Fear
Amount of compensation for fear is determined
on the basis of four criteria: based on the intensity
and duration of sustained fear, then, based on the
percentage of the reduction of life activity as well
as on the basis of severity of the injury. Thus, for the
fear of low intensity, which lasted for three days, the
fee is not paid, for the fear which is the result of an
extremely serious injury that caused the reduction
of general life activities for more than 50% - up to
2,000 euros, as a result of serious injuries that caused
impairment general living activities for more than
30% but not more than 50% - up to 1,500 euros,
and so on.12 In any case, the Regulation requires that
the injury occurred, even light, as an indispensable
condition for compensation to be paid for fear,13 and
then with the additional condition that the dominant
fear is of medium and light intensity, when belonging to the amount - up to 500 euros.
2.2.4. Mental distress due to disfigurement
The compensation for the suffered mental distress is determined in the following way: in particularly large disfiguration - up to 3,000 euros, for
a great disfiguration - up to 2,000 euros, for the
middle disfiguration - up to 1,000 euros, and for
good disfiguration - up to 500 euros. The reason
for using two different terms here is unknown-at
first “disfigurement” and then “marring”.
2.2.5. Mental distress over the death of a close
person
Article 15 of the Regulation determines the
amount of compensation for this type of damage in
11		Resolution (75)7, an annex, principles relating to compensation in case of physical injury and death, Item 2.9.
12 Article 13. The Regulation on the compensation for
damage to persons.
13 The Supreme Court of Serbia (Rev. 4283/01 of
24.01.2002) has ruled otherwise. According to this
decision Compensation for Consequential damages
for fear may be awarded if the injured party in a traffic
accident had not suffered injury. The same opinion is
shared by the authors of this paper and thus they support
the decision of the Supreme Court of Serbia.
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the following maximum amounts: in case of death of
a spouse or unmarried partner - 5,000 euros, in case
of death of a parent, minor child - 6,000 euros, an
adult child - 5,000 euros, in case of death of the child
- 7,000 euros, for the loss of a fetus (fetal) - 2,000
euros; for death or sibling - 3,000 euros. In case of
death of both parents the maximum amount is doubled. The Regulation states that these amounts are
“maximum”, however, it is clear that these amounts
of compensation are fixed, not the maximum, because if they were the maximum would be required
as e.g. “up to 5,000”, as provided for disfiguration,
to fear, reduction of overall life activities.
2.2.6. Mental distress due to a particularly
serious disability of a close person
According to the Decree, a disability is considered to be particularly difficult if the overall percentage of reduction of damaged person is equal or
greater than 70%. The right to such compensation
has a spouse equally as unmarried partner, children
and parents. In this case the compensation is 3,000
euros in case of severe disability of spouses or unmarried partner; 4,000 euros in case of serious disability of the child, 4,000 euros in case of severe
disability of the parents to a minor child; 3,000 euros in case of serious disability of parents.
And here as well, two different names are used
for this type of damage - the first used the term “particularly severe disability” and then moves on to the
term “hard disabled”, which creates confusion. In
addition, the Regulation again incorrectly uses the
term “maximum amount”, when it is obvious that
those are not fixed amounts of compensation.
Finally, when regulating this case of damage
the government used the Decree to step out of
the legal frame which ordered the compensation
for the “severe disability of a person”,14 while the
government used the Decree to regulate the compensation for the “particularly severe disability”.15

14 The Law on Compulsory Insurance in Traffic, Article 26,
pg. 2.
15 The Regulation on the Compensation Damage to
persons, Article 10, pg. 2, t. 6; Article 16, pg. 1, 2, 3.
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3. The regulations in Montenegro
Montenegro adopted a Regulation on common
criteria for determining compensation and some
forms of intangible property damage (hereinafter,
Regulations).16 The Regulation was passed by the
regulatory body, i.e. The Agency for Insurance Supervision, at the recommendation of the National
Bureau of Insurers of Montenegro.17 And for this
Regulation may be said that it is of internal character with limited application only binding the
insurance industry. Of course, the provisions of
this Regulation do not bind the Court, as shown
by the case law in Montenegro, and the courts adjudge higher amounts from these in the Regulations. Regulation refers to the Law on Contracts
and Torts and in some ways closely explains them,
but also prescribes uniform criteria and a certain
amount for reimbursement of certain types of
damages to persons. According to the Regulations,
these criteria are applied in resolving claims for
damages resulting from in the accident on the territory of Montenegro, and should provide a simple
and equal way for determining fees for cases that
are similar in structure and effects.
On the occasion of this Regulation the evaluation of constitutionality and legality of some of
its provisions was required, and the Constitutional
Court of Montenegro adopted the resolution which
does not accept the initiative to start the procedure
for assessing the constitutionality of the provisions of these Regulations.18
16 The Regulation on Common Criteria for Determining
Compensation and Certain Forms of Intangible
Property Damage, (“Official Gazette of Montenegro“,
No 35/2009; 03.06.2009.).
17 According to Article 8 of The Law on Compulsory
Insurance in Traffic of Montenegro “The amount of
compensation is determined on the basis of the criteria
for compensation which, following the proposal of the
Association, is established by the regulatory authority.
The criteria in paragraph 1 of this article are:
1) the basis for determining fair compensation for
material and immaterial damages to persons;
2) the basis for assessing the damage on vehicles;
3) the basis for assessing the damage on movables and
real property;
4) Percentage of permanent loss of the general work
capacity (disability) as a result of an accident (accident) “.
18 The Order - II 17/10, issued on the sixteenth session of
the Constitutional Court of Montenegro, 12.10.2011.
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We will focus on some of the criteria in of this
Regulation for damages to persons.
3.1. Non-pecuniary damage
3.1.1. The Compensation for the Physical Pain
The compensation for the physical pain is determined by the day in the amount of 15 - 70 euros, and the amount of compensation depends on
whether it is a pain of a strong, medium or light intensity and on the percentage of the determined reduction of life activity (from 0 to more than 50%).
Total compensation for physical pain can not be
determined in excess of 8,300 euros.19
3.2. The Compensation for the Sustained Fear
The compensation for the sustained fear by the
day is determined in the amount of 15 - 45 euros, and the amount of compensation depends on
whether it is the case of a primary fear of a strong,
medium or low intensity and on the determined
percentage of reduced of viability of life activities
(from 0 - over 50 %), and when it comes to the
secondary fear of high intensity which caused a
disorder of mental balance of a lasting character
(which will last for a year or more) the compensation shall be measured in the amount of 2000-3500
euros. The maximum amount of compensaton for
the sustained fear is 4,800 euros.20
3.3. The Compensation for Mental Anguish
due to Diminished Life Activities
Montenegrin Regulations also as well as Serbian Regulation, uses the term “general life activ19 However, in the jurisprudence it is different, since the
courts of Montenegro adjudge higher amounts than
those prescribed by the Regulation of Montenegro. For
example, the Verdict of Basic Court in Podgorica, Case
No.1295/2008 from 18.07.2009, which was confirmed
by the Verdict of the High Court in Podgorica, GZ
3388/2009-8 from 27.11.2009, awarded 13,000 euros
for physical pain, while the Regulation allows a
maximum of 8,300 euros for the physical pain.
20		The Courts of Montenegro do not abide any restrictions
referred to this Regulation. Thus, the Court in Podgorica
awarded damage compensation for the sustained fear in
the amount of 8,000 euros by the verdict of the Basic
Court in Podgorica Case No.1295/2008 from 18.07.2009,
although the Regulation of Montenegro maximizes
benefits for fear for the amount of 4,800 euros.
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ity”, although the Law on Contracts and Torts of
Montenegro and Serbia, use the name “life activity” without the word “general”.21
The amount of compensation is determined so
that each percentage of reduced viability of life activities, depending on the age of the injured, provides: up to the age of 30 - 320 euros, from 31 to 50
- 280 euros, from 51 to 70 - 250 euros; over 70 - 240
euros, for each percentage above 70% of reduced
viability of life activities the amount of compensation, depending on the age, increases for 20%.
3.4. Compensation for Mental Distress due
to disfigurement
The amount of compensation for this type of
damage is determined by the volume of disfiguration, depending on sex and age of the injured
in the following solution: for a strong degree of
disfiguration - 30% of the of compensation is given to a person for mental pain due to diminished
life activities, but not more than 8100 euros, the
disfiguration of the secondary level - 20% of the
compensation ... but not more than 4050 euros, the
disfiguration of the lower level - 15% of the compensation ... but not more than 2,000 euros, for a
slight degree of disfiguration - 300 - 900 euros.
3.5. Compensation for damage due to death
or severe disability of a close person
The amount of compensation for death of a
close person is determined in the following way:
to a minor child for the death of both parents 22,000 euros, and the death of one parent - 11,000
euros; to adult child for the death of both parents 16,000 euros, and the death of one parent to 8,500
euros; to parents due to death of the only child 14,000 euros, and for one child or more children
under 30 years of age, per child - 12,000 euros and
10,000 euros for those over 30 , to brother or sister
for the death of a sibling - 7,000 euros, and to marital and not-married partner for the death of the
other spouse or partner - 8,000 euros; to parents
for the loss of the fetus, depending on the age of
the fetus, to mother - from 3,000 to 5,000, and to
21 Article 207, Law on Contracts and Torts (“Official
Gazette of Montenegro“, No. 47/08).
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father - from 2,000 to 4,000 euros, to parents, children and spouse of a particularly severe disability,
of a close person 5,000 euros is a fixed amount.
3.2. The Property Damage
3.2.1. The Funeral Costs
Regulations stipulate making up the usual costs
of up to 2,000 euros, and the mourning of 200 euros per person.
3.2.2. The Tombstone
The compensation for the tombstone is acknowledged to a person close the deceased on the basis of
accounts and images the monument, and also on the
basis of the contract to build the tombstone, in the
amount of average prices where the monument is
built, but up to a maximum of 4,000 euros.
3.2.3 The Compensation for Damage to
Goods for Personal Use
The actual damage is compensated if it can be
demonstrated, while the compensation for clothing is calculated at the same price reduced by
50%. If the lump-sum is paid, then it is calculated
up to 100 euros for the summer things, and to 300
euros for winter stuff.
3.2.4. The Attorneys’ Fees and Intermediary
Services
According to the Regulation, fees for advocacy
services are up to 150 euros per set claim, or up to
250 euros for two or more requests set out in the
common request, if each of the requests exceeds
the amount of 1,000 euros. This fee shall be settled
directly to a lawyer or a brokerage company, and
the amount depends on their contribution and participation in the decision on the request.
This is contrary to the Law on Advocacy since
the price of legal services is determined by the Bar
Association, which brings the Tariff.22
22 The Law on Advocacy of Montenegro, Article 44,
Paragraph 1, Issue 2 (“Official Gazette of Montenegro“,
No. 79/2006).
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4. The regulations in Croatia
In Croatia, the approximate criteria and amounts
for determining the monetary fee of immaterial
damage are being regulated since they were adopted by the Croatia’s Supreme Court.23 The Court
noted in the Approximate criteria that they (the
criteria and amounts) are not mere mathematical
formulas used to automatically calculate fair financial compensation and that the application of this
regulation must always bear in mind all the circumstances of the case, while the duration and intensity
of physical and emotional distress as well as fear
are very important, but not the only circumstances
that the court must bear in mind when determining
the amount of just compensation.
Compensation for material damage to persons
is not the subject of regulation of these approximate criteria.
4.1. Non-pecuniary damage
4.1.1. The Physical Pain
Approximate amounts for determining the
amount of compensation for physical pain, per
day are: in severe pain - 50 euros; for secondary
pain - 30 euros, for weak pains - 10 euros. It is
possible to do some correction of the amount -up
and down, depending on the circumstances of
each case.
4.1.2. The Fear
The compensation for the fear is in the range
from 300 - 4,000 euros, depending on the circumstances of the case, but the correction is possible,
both upward and downward, according to the criteria stipulated by Article 200, The Law on Obligations, bearing in mind all the other circumstances of each case.
4.1.3. Emotional distress due to the reduction
life activities
If life activity was reduced to 25% the compensation is 1,000 euros for every 10%, over 25 - 40%

1,500 euros for every 10%, over 40 - 60% 3,000
euros for every 10%, over 60 - 80% 6,000 euros
for every 10%, over 80 - 100% 10,000 euros for
every 10%.
Compensation amounts are not fixed. A correction is permitted and is done according to extent
and severity of established lasting consequences,
provided that additional criteria that should be kept
in mind are the age, occupation of the injured, and
the like. There is a note that this type of damage
is usually permanent, but financial compensation
could also be awarded if the reduction in life activities is temporarily, of greater intensity and longer duration, or justified by special circumstances.
4.1.4. Compensation for Mental Distress due
to disfigurement
For a immense degree of disfiguration if it is
very obvious to third parties - 5,000 euros, and if
it is noticeable only occasionally (household, on
the beach, etc.) - 3,000 euros, for the intermediate
level if it is very obvious to third parties - 3,000
euros, and if it is visible to third parties only sometimes - 1,500 euros, for the low level, if it is highly
visible to third parties - 670 euros, and the third
party if it is noticeable only occasionally - 335 euros. Also, the correction can be made here as well
depending on the compensation of age, type of occupation, location of injuries and the like.
4.1.5. Emotional distress due to death of a close
relative (spouse and mot-married partner,
a child, abortion, parents, siblings)
In case of death of the spouse and unmarried
partner, and child - 30,000 euros, for the loss of the
fetus to parents - 10,000 euros, in case of death of
parents - 30,000 euros, to a child who is on educating and feeding with parents, and 20,000 euros to
the child who is not on educating and feeding with
parents, in case of death of sibling - 10,000. These
amounts of compensation are fixed amounts, but
they are still only “approximate amounts” i.e. depending on the circumstances of the case, the court
may deviate from these amounts when determining the amount of the fair compensation.

23 Civil Division of the Supreme Court of Croatia passed
on these approximate criteria ... 29.11.2002.
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4.1.6. Emotional distress due to severe disability of a close person
In the case of severe disability of a spouse and
not-married partner and children - 30,000 euros,
in the case of severe parent disability: 30,000 euros to the child who is on educating and feeding
with parents and 20,000 euros to the child who is
not on educating and feeding with parents. Also,
these compensation amounts are only approximate amounts which the court may depart when
determining the amount of just compensation.
4.2. The Property Damage
Compensation for material damage to persons
is not the subject of regulation by the above approximate criteria of the Supreme Court of Croatia, but the fee is implemented by the regulations
and criteria of the Law on Obligations of Croatia.24
5. What is the concept of compensation
to persons in serbia like? - objective or
subjective
Adoption of the Decree on damages to persons
in Serbia issued new criteria for determining the
non-pecuniary and property damage to persons in
case of injury or mental health, which are applied
to the obligation of compensation of insurers on the
basis of mandatory liability insurance in traffic. In
relation to the criteria and the amount of compensation a number of objections can be noted.
First of all, the criteria of the Regulation are restrictive when compared with the criteria prescribed
by the Law on Obligations. For example, in some
cases, Decree prescribes the maximum amount of
compensation; the other determines the ranges of
compensation, while in some cases determines the
fixed amounts of compensation. In each case the
Regulation maximizes the amount of compensation, i.e. limits the amount of damages to persons.
On the other hand the Regulation uses, in some
cases of compensation, the method of finite enumeration, and thereby denies compensation for
damage of quite usual costs that are not listed.
24 Law on Obligations of Croatia (“Official Gazette of the
Republic of Croatia“, No. 35/05, 41/08).
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It can be said that the Regulation is an attempt
to damage compensation to the people, especially
non-pecuniary, establishes as one appropriate concept, almost as mathematical formula, through a
scheme or automatically in the calculation of compensation to persons. In this way very important
principles of compensation are excluded or limited, such as the principle of fair compensation, the
principle of individualization of compensation,
the principle of compensation evaluation of evidence, the principle of taking all the circumstances
into account when deciding on the compensation
and its amount, and so on. Let us remind that here
we have material damages on the ground violation of personal rights and giving satisfaction to
the injured party through compensation, with the
amount of compensation should be a fair amount.
Monetary compensation is not equivalent to a single compensation for some sort of pre-compiled
table, but the fair compensation is obtained by the
evaluation of all evidence and circumstances of
the case, i.e. failure of all the facts and circumstances of the case through prism of approximate
evaluation to decide on evidence in advance due
to the prescribed procedure, while eliminating
possible errors is done through the mechanism of
control, surveillance, subsequent revisions, two
instances of decision-making, etc. Therefore, for
all the above, The Regulation is formal and essential step backward in the regulation of compensation to persons in Serbia, in terms of the Act on
compulsory insurance in traffic.
In addition, it is generally known that the insurance industry in Serbia, but also in other countries
in our region, has been advocating the adoption
of the so-called Uniform criteria and tables for
years (for example, for determining the existence
of non-pecuniary damage; to determine the consequences of injury, the measurement, an award of
compensation to non-pecuniary damages) under
which insurers would be compensated non-pecuniary damage. Naturally, it is useful for insurers to
adopt their internal rules and criteria for determining the compensation of persons. Not only that,
but also to regulate other contractual benefits for
all types of insurance. At the same time, the legislation should not be compromised, especially for
compensation from compulsory insurance against
civil liability in traffic because for these non1873
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contractual insurance obligations of insurers, the
obligation is of insufficiently nature, so that no socalled internal uniform criteria and tables of insurers, as the debtor’s compensation, not regulate the
legal debt obligation of compulsory civil liability
of insurers of the traffic.
6. Conclusion
This paper presents a framework of three
neighboring countries that have differently regulated compensation to persons in compulsory insurance in traffic.
Serbia regulated this issue is by the Decree of the
Government, Montenegro, however, to Regulation
adopted by the Council of the Agency for the Insurance Supervision at the recommendation of the National Bureau of insurers of Montenegro while Croatia, regarding the damages to persons, continues
to rely on the regulations of the Law on Obligations
and standard criteria and amounts for the establishment of fair compensation for damages, the criteria
that the Supreme Court of Croatia issued in 2002.
The authors believe that regulating the issue of
compensation in general, and therefore the compensation and damages as a result of violation of
personal rights, i.e. damage to persons, is exclusively in jurisdiction of the legislative body and
may be regulated only by the general or special
law, and not Government regulation, as has been
done in Serbia, Regulation or the Insurance Supervision Agency, as was done in Montenegro. At the
same time, the law may be general (e.g. the Law
on Contracts and Torts), as is the case in Serbia, or
may issue a special law, for example, The Law on
Compensation for Damage in traffic, which would
regulate, as lex specialis, a special civil liability
for damage sustained in traffic. But in the latter
case, the obligated insurer would have to cover
the entire consequences of specific civil liability
of the insured, without balance, except for a possible correction due to the limited coverage, i.e.
limited amount of insurance. Finally, in this case,
the civil liability of the insured would be special, it
would end within the framework of a special law
and the insured would not have uncovered excess
of responsibility to the injured party as in case like
now when the injurer does to the injured party by
the general rules of civil law liability.
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New railway regulations and process of stuff
professional training within Railway restructuring
Miroljub Jevtic, Slobodan Vukmirovic
Institute “Kirilo Savic”, Belgrade, Serbia

Abstract
Railways of candidate countries from South
East region under the European legislation umbrella are still facing with main legal and fundamental technological changes what finally include
putting into effect technical specification for interoperability, harmonised EU standards and new
national technical regulations as sub low. That ongoing legislative restructuring, require new necessary skills and professional knowledge level for
many of staff in the railway sector related to the
operation of trains and networks as well as the
maintenance of rolling stock and infrastructures.
The future pressuring needs for staff education,
training and assessment depend on European legislation railway packages and that services will
provide independent rail training centres or rail
undertaking own centres. Facilities for the training, assessment and professional certification of
train staff necessary should to meet increasing
requirements of knowledge prescribed for interoperability and safety common level and to set
up the arise needs of the future education development what has to be priority as efficient and a
sustainable way for European railway integration
but without prejudice to the ability of present professional stuff to fulfill assessment and meet the
knowledge renewal and new skills.
Key words: Railway regulation, Staff education, Professional training, Training centre.
Introduction
EU Railway interoperability and safety directives issued the main fundamental legal and technological changes. From base of former international railway technical and technological unity,
nowadays restructuring in the railway sector lead
to compliance with technical specification for interoperability and EU standards. Implementation
of railway packages such as “new regulations”
Volume 7 / Number 4 / 2012

cause restructuring requirement on necessary professional training for number of staff in the railway sector related to the operation of trains and
networks as well as the maintenance of rolling
stock and infrastructures.
If we observe railway, in its general shape, as
the functional structure of the mutually harmoniously connected and logically grouped parts of the
system with optimum coordination and clearly
defined objectives, than can be stated the railway regulations, as the respective documents of
the system, indirectly and directly indicate the requested activities, i.e. they precisely define in the
function of management what, who, how, when,
where and why has to work in process of the transport operating and how such work process has to
be managed on objective and efficient way.
The future needs for education, training and
assessment require have to meet and ensure common safety level which are based on European
new railway legislation and that services will provide independent rail training centres or rail undertaking own centres.
The main challenge is to adapt existing traditional railway education profiles, to prepare the
staff training schemes, to accommodate new company job profiles with a different mix of requested
competencies and finally to provide lifelong learning, or close specialization in some expert area.
Focus on the problem have to be also to analyze
current situation about present staff knowledge level
and necessities for training on daily tasks for train
drivers, other onboard staff, staff responsible for
rolling stock inspection, staff responsible for assembling trains, staff responsible for dispatching and
control commanding, in order to be able to manage
the possible unknown situations if they should occur
in real life with open access to infrastructure.
Railway training facilitates as institution with
rail traditional profile for professional education
purpose mostly are connected in some way to rail
operator and gives highly specialized theoretical and
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practical training which was generally valid at national level. Staff with higher degree level of education, which mainly received only general education
in some expert area, comes into railway companies
from open market and need practical training.
The aim of Article 13 of Directive 2004/49/EC
which requires liberalised access to training facilities
for railway undertakings, infrastructure managers
and appropriate staff. This includes training for train
drivers and other onboard train staff on necessary
route knowledge, operating rules and procedures, the
signalling and control command system and emergency procedures applied on the routes operated.
New stuff skills are needed due to increased internationalization of operation by open access to
the infrastructure. Interoperability and common
safety requirement, implemented new technologies which diminished the content of the role of
different train staff, increased legislation requirements on safety. In that case rail operators have to
improve basic qualifications of staff and should to
adapt their knowledge according to international
harmonised standards, e.g. TSIs.
Big changes in the regulations for the community railway area lead to significant need of railway restructuring and also reflected substantially
in a redefinition of knowledge among employees
and hiring of new employees with new knowledge
in the field of technical regulations.
The basic hypothesis in this research analysis
describe legislative changes as so large that they
cause unavoidable changes in the scope and content of the required education, training, skills,
what finaly identify and describe the problem.
The manner of this way of thinking is logical
descriptive analysis on subject legislation reveal
to education and training interrelationships exclusively based on available EU documents and display their cause-effect consequences.
Goal
The aim of this study is to define the problem
for incoming training employs, and show the magnitude of the problem for future education restructuring so that the result of this examination should
be not only national but more than regional initiative for innovation and introduction of changes for
future railway stuff knowledge neediness.
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In the process of the carrying out of transport
services, the multiply influence of the business
environment, regarding the conditions of work,
development and position on market is of a great
importance. Legislative and legal component,
which, as the most influential, also extends over
the railway regulations, has the important effect
on the railway as the multinational unique technological system which interlaced and subject
both to the international and domestic laws, provision and standards. Therefore, railway traffic, as
the highly regulated servicing system, is defined
by procedure standardization of services, i.e. proceedings, procedures and overall business operations regarding regulations, directions and other
kind of written business communication between
different levels within organisation, i.e. organizations and environment.
Goal is to impose explanation of phenomena
for changes within fully implementing of railway packages and restructuring and to show how
it requires on necessary professional training for
number of staff in the railway sector related to the
operation of trains and networks as well as the
maintenance of rolling stock and infrastructures.
The intent of this analyse is to expose here general
explanation without giving too much detail but just
summary listed the facts as a basis for further project
research study on purpose to show how potentials
in education transforming and training restructuring
for railway staff should to enable successfulness of
EU directive implementation manner.
Methods
The inductive method is applied here by usage
of inductive reasoning and analysis based on individual facts and it coming from observations of
actual facts to the general conclusions.
In a process of scientific research articulation
complex concepts type was chosen as descriptive,
when describing elements of a whole legislative
and explicative, when trying to put on table explain on the basis of certain requirement elements
for opening the railway expert education and training facilitates market.
Method of concretization conclusions by judgments was based on general purpose which comes
out from the legislative determined stuff skills and
Volume 7 / Number 4 / 2012
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from ability for application of knowledge phenomena in a separate for simpler components and
elements performed through using available facts
specifically conceived as a real common and unity
of issues for railway sector.
Method of qualitative research and process of
generalization by inductive reasoning in describing the problem comes to the subject to identifying the basic hypothesis which is formed on the
education functions.
Concept with observations on performed general conclusions that are reliable to clarification a
problem on area of the thought which one of them
directing towards solving the problems in implementation because age of regulation and established links between subjects of the legislation.
Objectives of research on a reality aiding in explanation and prediction to eliminate contradictions
and gaps in development of function of determined
hypothesis so that the focus of research can be on
the correctness of the facts for knowledge methods,
techniques and instruments and comes to the idea in
more than general level for resolving it.
Results
EU Railway interoperability and safety directives issued the main fundamental legal and technological changes. Technical Specification for interoperability and EU standards in the railway sector are such as well as “new regulations”. Implementation of railway packages and restructuring
require necessary changes on professional training
for number of staff in the railway sector related to
the operation of trains and networks as well as the
maintenance of rolling stock and infrastructures.
New legislation on safety due to increased internationalization of operation by open access to the
infrastructure with interoperability and common
safety requirement is in a educative way of thinking recognised as “fundamental basis” of common
knowledge. Implementation of new operating techniques with higher and more sophisticated technology finally diminished the content of the role of different train staff. In that case of great changes and
increasing the level of needed skills rail operators
have to improve basic qualifications of staff and
should to adapt their fundamental knowledge according to international standards, e.g. TSIs.
Volume 7 / Number 4 / 2012

The main indicators of railway staff education
phenomena cannot be measured directly but can
be generalized to predict and reviewing the extent
of changes in regulations so the EU directives liberalised not only the access to the infrastructure
but also directing to open market for training facilities for railway undertakings, infrastructure
managers and appropriate staff.
Expressive indicator showed that the regulations in practice express intention and command of
management to regulate the process of performing
services. Predictive indicator showed that railway
regulations are one of means which used to manage the process of labour and business. Structural
indicator defined railway regulation as an integral
part of management.
Developing indicator functionally determined
regulations vital role in supporting the development of the whole business system. The optimal
measure of standardization processes, procedures,
and behaviors of a minimum quality of service
expressed the need for the regulations to regulate
everything, but do not limit the possibilities of improving the quality of services.
Maintenance of knowledge innovation includes training for train drivers and other onboard
train staff on necessary route knowledge, operating rules and procedures, the signalling and control command system and emergency procedures
which applied on the train routes internationally
operated on several railway infrastructures or nationally operated by more operators.
Detailed analyse on staff responsibilities shows
that the influence is of the same kind but the consequences are following: - Rolling stock inspection
existing staff will need updated knowledge of the
ETCS different modules and versions of technology and related software; - Dispatching and controlcommand staff the impact of ETCS is much smaller
than for the drivers and the inspection staff.
Overall the challenge to the education and
training centres will be to engage teachers with additional competences and capacity to produce the
possibility for upgrading existing staff while at the
same time supplying new staff with competence
in new systems and the knowing old system in the
transition period.
In long term the determined volume of expecting regulation amount for training scheme will be
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larger. Implementation of changes, depend on replacing technology plans which is yet exactly and
mainly in development policy level. It is plausible
to expect that the implementation period will be
close to specific complexity of the ETCS in comparison with the national system.
Training needs deriving from legal changes and
the main topics in the area of legal changes in the
rail transport area of the South East region will be
interoperability, safety, working conditions, staff
certification and environment condition.
Interoperability through directives, technical
specifications for interoperability in achieving
fully open and integrated rail markets on conventional and high speed lines start up a process of
technical harmonisation. The rail system establish the conditions to be met to achieve within the
community territory conditions concern structural
areas influencing the training need for professional
qualifications of railway staff authorised for work
contribute to its operation in field of infrastructure,
energy, control and command, and signalling, traffic operation and management, rolling stock.
Harmonisation process begins in several technical area with the ongoing effectuation of the
TSIs what will lead to less specific cases around
the regional rail network and thus reduced need
for training of train staff in specific, national cases
and needs have to be examine.
This analyse intend to investigate some future
urge project on overall requirement of training
needs and to predict a process for reviewing and
updating individual training needs, taking into account issues such as previous audits, system feedback and known changes to rules and procedures,
infrastructure and technology.
There is no open market with competition to
some degree and training of rail staff usually handled and appeared to be closely in transparency
within following characteristics in qualification
of the different tasks in operating practices and
the risks associated with operating procedures
and communication protocols, which may include
certain cases to put knowledge in practise (professional knowledge of rolling stock and route of
infrastructure, operational procedures and safety
systems, etc).
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Discussion
Personal experience in railway high management level with significant experience in the organization of staff training, was helped authors in
data analysing and collecting data indicators that
are registered and helped for drawing conclusions
about the phenomenon of research relations between the railway and the state significant influence and involvement in staff training.
Some historical periods when Railways has
been a leader in transportation area and was implemented actual technology provide attract attention for professional staff directly from the free
trades, implementing a specific training in their
centers with specific knowledge fully applied and
accumulated in the railway regulation, are recent
past and working within railways are now mostly
less attractive profession.
Training centres with facilitates equipment as
institution which providing rail traditional profile
professional education purpose mostly are connected to rail operator but in some way associated
with public education and state school system
giving highly specialized theoretical and practical training which was generally valid at national
level. Staff with higher education degree level,
which mainly received only general education in
some expert area, comes from open market and
need practical training experience.
The majority of regional state owned companies deliver internal training which depend
on their own demand for training based on implementing a restructuring organisational chart
with decreasing number of employs and many
of young people pursuing a trade qualification is
reducing dramatically. Highlighting believe that
ageing railway workforce would be a challenge
needs to adapt and to mitigate the consequences to
rail operators that may have to employ young, unskilled staff and train them itself, rather than relying on recruiting staff who have received training
previously what will increase the need for railway
special professional training.
Rail sector also have to moves towards working in a competitive business environment, where
bid for job mobility rated this training facilitates as
an important challenge if staff are able (and possibly required) to travel across countries in Europe
Volume 7 / Number 4 / 2012
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while working for the same company, then there
will be a serious need for common staff training
under the new legislation on health, safety and environmental and sub low regulations.
Access to training facilities must be fair and
ensure that railway undertakings applying for a
safety certificate have fair and non-discriminatory
open training knowledge services offered for train
drivers and staff accompanying the trains. Provision of training services staff performing vital
safety tasks applying whenever such training is
necessary for the fulfilment of requirements to obtain the safety certificate.
Citification or licensing of staff for special experts knowledge and skills enable railway undertakings to take into account any training, qualifications and experience acquired previously from
other railway undertakings. For this purpose cross
acceptance of all documents attesting to their
training, qualifications and experience staff will
be in vary case entitled to each railway responsibilities for the level of training and qualifications
of its staff which carrying out safety-related work.
Postulate that training providers are more attractive for customers seams accurate when they
are international oriented to many of commonplaces but if orientation is towards both technical
and technological special operating issues than
training providers will need to keep up closely
cooperation with adequate or appropriate railway
companies. If railway transport market moves
towards a small number of operators or holding
company the monopoly for training will go down.
Inventory of South East regional rail training
centres indicates number mainly similar the situation as it was within former period and indicates
that now rail training activities or facilities centres
without differentiating are also closely to one operator oriented.
Conclusion
The future needs for education, training and assessment requirements to meet and ensure common safety level are based on common level for
implementation of European new railway legislation and that services may provide existing state
own rail training centres associated with rail as
new nationally independent facilitates.
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The main challenge for transition and railway
restructuring is mainly on the start up or from the
beginning to adapt existing traditional railway job
profiles. The next step is to to accommodate education profiles, form training schemes renewing
with a different mix of competencies, organising
lifelong learning or specialization required.
In a grate nationally legislative changes focus
on the problem of knowledge of applicable regulations have to be also analyze present situation about
staff knowledge level and necessities for training
on daily tasks for train drivers, other onboard staff,
staff responsible for rolling stock inspection, staff
responsible for assembling trains, staff responsible
for dispatching and control commanding in order
to insure the ability to manage the unknown situations if they should occur in real life.
There is no regionally education open market with competition to degree in some level and
training of rail staff usually handled and appeared
to be closely within the railway sector itself using
their own national facilities.
National industry or branch railway standards
could be retained In spite of EU directives, thereby inhibiting operators branching into new markets and ability of trainers to deliver training to
EN or other international standards.
European situation shows that more railway operators who hold a monopoly on the rail industry do
their own training in house but also may still take
outsource management or specialised safety training. Rationalisation and organisational restructuring, mergers and acquisitions seek to drive down
operational costs in the supply and gain from economies of scale and reducing the number of training providers across national, cultural and linguistic
boundaries. As the process of rationalisation matures, the number of clients will reduce further, in
which case training providers themselves need to
look at strategies for retaining a competitive advantage and try to understand the market structure and
commercial dynamics of the sectors.
Some of training centres and operators agree
that new technologies will create additional training needs in the near future. Several technological
changes will exert an influence on the content of the
train staff’s tasks complexity and variety in Europe.
Technological regulations and standardisation
new technologies changes such as information,
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communication and sensor technology will create
need for sustainability additional training in area :
- ETCS (as part of ERTMS); - GSM-R; - Galileo,
the European position system; - Energy-efficient
driving; - Electronic ticketing; - Modularisation and
standardisation of trains; - Information systems; Operational information on computer medium.
Harmonisation of safety rules in purpose of the
Safety Directive ensure the development and improvement of safety on the Community’s railways
and improved access to the market for rail transport
with a view to greater harmonisation of national
rules which are often based on national technical
standards, should gradually be replaced by rules
based on harmonised standards established by TSIs.
The introduction of new specific national rules
that are not based on such common standards
should be kept to a minimum. The current situation, in which national safety rules continue to
play a role, should be regarded as a transitional
stage, leading ultimately to a regionally situation
in which European rules apply but also for accreditation of training centres.
Furthermore, the training centres have foreseen
that the safety related legislation become more important for them related to licenses for staff with
safety related tasks train drivers and onboard accompanying staff performing safety tasks concerning the determination of common uniform criteria for the skills and the assessment of the staff
involved in the operation and maintenance of the
railway system.
The Third Railway Package was adopted in
2007. The package comprises four legislative
proposals, including a proposal for a directive on
the certification of train crews operating locomotives and trains on the Community’s rail network
and this text provides mechanism to define more
clearly powers and responsibilities as regards the
training of train drivers and crews who perform
safety-related tasks, and the assessment and recognition of their qualifications.
Train drivers will have to hold a license certifying their general skills; this license will be their
property and will be valid throughout the Community. The license must be supplemented by a
certificate issued by a railway undertaking confirming that specific training has been followed for
the line concerned, the rolling stock used and the
1880

operational and safety procedures that are specific
to that undertaking.
The current situation in South East European
region is that there are state owned rail operators
who either deliver their own training for all their
training needs but following liberalisation will regard training not as a core operator capability.
From socio-economic viability of investment solutions it is necessary to analyse the current situation
in coverage of the survey and listed issues of training centres as the following inventory: - Ownership
and organisation; - Structure of overall educations
offered; - Admittance to the training and duration of
the training; - Content of the training and training
facilities; - Graduation and estimating capacities; The price of education and who covers the cost? – Is
there any competition between centres on national
or international level; - Challenges faced or ahead
Proposed measures for further investigation
and project development at start have to be recognition and clarifying of prior learning and competencies in basic general education.
Next project stage will be inventory of valid in
power directive and schedule of European legislative instruction or requirement which regulate
training issues.
Main goal is to consolidate an occupational
certification system in the training workplace including the recognition of competencies of a major action in the education community.
Project have to develop an approach for the
recognition of competencies acquired by groups
of people in similar occupations and speed up
and intensify emphasize referral to qualifying and
transferable training.
The rapid elaboration and detailed analyze on
functioning of further education system as well
as training and in-service staff training should be
done in order to prepare all actors for new roles,
tasks and modern operating methods.
The future introduction of formal railway professional common education system for new staff
and particularly retraining and additional training
for those in employment who already have experience in existing working capacities and need only
knowledge innovation could contribute to powerful development of human resources. This project
should be priority in development of open market
for railway training centres.
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Abstract
The present research aimed at proposing a practical model for strategic analysis of national and
macro issues using the strengths and successful
experiences with the techniques from both descriptive and prescriptive approaches to strategic management. The documented studies of the present
research indicate that the schools and the dozens
of techniques belonging to the descriptive and prescriptive approaches to strategic management suffer from fallacies and essential weaknesses for application in strategic analysis of national and macro
issues, particularly notable among them are the
weakness of prescriptive models in strategic thinking, the structural weakness in descriptive models,
the peculiarity of each of the models to special market conditions, the emphasize of each model on
a limited number of factors in the strategic atmosphere and most importantly, the low validity and
reliability of the descriptive and prescriptive models in data collection and the analysis of strategic
information. The explorative model resulting from
the present research called MISA (Macro Issue
Strategic Analysis) is a practical method that can be
used in the strategic analysis and decision-makings
carried out by states and/or multinational corporates
at a regional, provincial or national level. The qualitative research tools including systematic literature
review and the Delphi technique were used in order
to study the literature and validate the model. After
the model was designed, it was used in the strategic analysis of two national strategic issues and a
provincial strategic issue in Iran with efficient and
satisfactory results.
Key words: Macro Issue, Qualitative Research
Technique, Strategic analysis.
Introduction
Strategic analysis is the process of planning a
study on the business atmosphere and the internal
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environment of an organization in order to design
strategies1. Strategic analysis is the theoretical
understanding of the environment where the organization operates as well as understanding the interaction of the organization with its surrounding
environment with the purpose of improving organizational efficiency and effectiveness through
increasing organizational capacity to intelligently
use the available resources2. Strategic analysis
contributes to prediction of future events, evaluation of what will probably happen, preparedness
to face new conditions, clarity of goals and optimization of decisions made3. Although the various existing definitions of strategic analysis vary
somewhat, the following shared concepts can be
seen in all definitions:
– Identification and evaluation of the
information relevant to strategy design
– Specification and analysis of the status of
the internal and external environment of the
organization
– A set of analytic techniques that may be
used in the course of analysis4.
The general paradigm predominating strategy
design in the 1960s (the birthday of strategic management) until the early 1990s was formed based
on the prescriptive approach which included the
three schools of the approach, design, planning
and positioning and entrepreneurial and it was
mainly based on devising strategies based on a
quantitative method and a regular step-by-step
process and with specific guidelines.
Despite the dramatic success of the prescriptive
approach to strategic management in the 1970s and
1980s, because of its inapplicability in some firms,
the critics of the prescriptive approach stated that
the structured rigid schools and models within this
approach guide human mind within the frame of a
step-by-step process engaging it with available patterns and regularities and that these regulations set
Volume 7 / Number 4 / 2012
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a huge barrier on the creativity of the strategic designers’ mind and creating effective strategies. Henrey Mintzberg notes: “this is a big mistake that a lot
of managers and writers of the field of strategy are
trapped in. They simply expect the planning methods and techniques to create strategies for them.” 5
Planning is a process and processes cannot create
strategies. The creation of a strategy is the result of a
single informed mind’s mental synthesis 6. On these
grounds, a new paradigm, the descriptive approach
was born in the field of strategic management and
following from the theories presented, the major
schools namely cognitive, learning, power, cultural
and environmental formed within this paradigm.
The theoreticians of this approach put emphasis on
‘strategizing’ organizations and strategic thinking
rather than planning and strategic analysis. They
see strategic thinking as a specific way of thinking
that may be known as ‘strategy architecture skills’
(7). Strategic thinking is a basis for creating new
strategies which could change the rules of competition and draw a totally different perspective of the
existing status (8).
The present research aims at proposing a practical model for strategic analysis of national and
macro issues using the strengths and successful
experiences with the techniques from both descriptive and prescriptive approaches to strategic
management which can be used by states and multinational corporates at regional, provincial and
national levels.
Statement of the Problem
With a closer look at the changes in the present
era it is possible to say definitely that ‘globalization’ is the most universal paradigm dominating
man’s life surpassing every area of life including
the cultural, social, economic and political aspects9. With the emergence and dominance of this
paradigm, time and space have lost their old senses and local and national lives transformed into
global life. In the present atmosphere, states have
to keep up to the pace of global changes and manage their internal conditions in a way that enables
them to join the global system and exist within the
predominant paradigm. The systematic and comprehensive studies of the present research revealed
that for such an approach, no specific models or
Volume 7 / Number 4 / 2012

patterns are theorized and designed in any of the
schools of strategic management. On this ground
and given the existing demand the Micro Issue
Strategic Analysis (MISA) model was designed.
The model can be used for analysis of macro and
national issues, problems and decisions at provincial, national and international levels by states and
even large multinational corporates.
Research Design and Methodology
At the beginning of the present research a comprehensive systematic literature review was carried out. To this end tens of volumes of specialized
book were studied and reviewed after the selection
of keywords including strategic analysis, strategic
analysis models, approaches to strategic analysis
and strategy schools and 15 volumes were selected as main sources. Also, 4500 information sites
and databases belonging to specialized journals
and relevant research centers were studied using
the internet. The result of the studies was the extraction of 26 techniques under the 10 major strategic analysis schools.
During the study on the selected models, note
taking was done on two important issues: first, the
process and rationale of strategic analysis and second the methodology used in the course of analysis in each model.
The results showed that the existing models, in
spite of their strengths, suffer from essential weakness for strategic analysis of macro and national
issues due to the following reasons: first, the models were designed with an approach of competitive
markets each with a specific emphasis on certain
factors peculiar to business environments and lack
the necessary comprehensiveness to be used in national and macro strategic analysis. Second, due
to a lack of a specific research methodology at the
stage of strategic information/data collection and
analysis they lack validity and reliability. Thus, in
designing the MISA model, in addition to make
use of the experiences with the available models, the weaknesses were also alleviated. To validate the model, through the Delphi technique the
model was presented to 15 individual academic
experts in the field of strategic analysis and having mentioned the practical goal of the model they
were surveyed on all the aspects of the model. The
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study completed after 3 rounds of Delphi when a
majority vote of over 95% was achieved.
The presentation of the Macro Issue Strategic Analysis (MISA) Model
The general procedure and components of the
Macro Issue Strategic Analysis (MISA) model
can be seen in figure (1). A detailed explanation
on each component of the model is as follows:
The First Step) Determining Strategic Goals
of the strategic analysis which may be problemcentered or development-centered.
The Second Step) Determination of Strategic
Areas: it means to identify the macro environmental sub-systems including economic, sociocultural, political, demographic, managerial, technologic, legal-legislative and environmental which may
play essential roles in the actualization of strategic
goals. The sub-systems can vary depending on the
strategic goal.
The third Step) Strategic Information Collection: in this step strategic information are collected
from each strategic area. Given the importance of
strategic information in the MISA model, the strategic information collection process is carried out
in several steps to increase validity and reliability
of the information. The steps are as follows:
1. The collection of information by the analyst
through consulting reliable documents or
document review.

2. The completion of the information consulting
the views of experts using the expert panel
technique (at least 4 expert panels each
attended by at least 6 experts). The participating
experts are selected from individuals who
have had a position as an executive or expert
on the issue at hand at a macro level or have
been a researcher who published studies or
participated in such studies.
3. The classification of information in the form of
weaknesses and strengths (related to internal
environment) and threats and opportunities
(related to external environment).
4. Final validation of the information through
consulting the views of experts using the
Delphi technique. The participants in the
Delphi are mainly academic professors and
researchers and specialists who have published
several research papers or specialized books
on the issue being studied and in terms of their
specialization are at a higher degree than the
expert panel participants.
Going through this four-step process to collect
strategic information will ensure that the information are considerably valid and reliable.
The Fourth Step) Information Analysis: to
carry out the strategic analysis three matrices
called Internal Factors Evaluation (IFE), External
Factors Evaluation (EFE) and Internal and External Matrix (IEM) are used.

Figure 1. The Implementation Pattern of the Macro Issue Strategic Analysis (MISA) model
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In this step, first the factors related to weaknesses
and strengths as well as threats and opportunities
achieved from the information collection are inserted to the IFE3 (Figure 3) and EFE4 (Figure 4) respectively. The matrices are then distributed among
at least 20 experts who participated in the information collection step in the Delphi rounds. The participants are asked to allocate a score and a weight for
each factor in the relevant columns of the matrices.
The weight of each factor will be a figure between zero (least important) to one (most important). In the internal and external factors, the weakness and the threat with the highest propelling effect as well as the strength and opportunity with the
highest restraining effect in achieving the strategic
goal will receive a higher weight score. The weights
for each factor in each matrix divided among the
factors relatively so that the total of the figures in
the weight column equals one in each matrix.
The score of each factor is a number between -3
to +3. The score indicates the degree of the system
preparedness to face the factor. With respect to factors related to strengths and opportunities, the higher the system’s ability to use the factors, the higher
the score that factor receives on a range between
0 to +3. In relation to weaknesses and threats, the
more vulnerable the system to that factor, the lower
the score the factor receives. Once the weights and
scores determined by the experts, the mean of all
the allocated scores are calculated and a weight and
a score are specified for each factor.

Through the multiplication of scores and
weights for each factor the weighted score of that
factor is achieved. Further, the algebraic sum of
the weighted scores of all factors in the IFE matrix gives the final weighted score of internal factors and the final weighted score of external factors in the EFE matrix. Two important results can
be derived from the results achieved all the way
through this step:
Determination of strategic factors: among the
strengths and opportunities the factor with the
highest weighted score will be considered the most
important propelling internal and external factors
within the strategic issues. Similarly, among the
weaknesses and threats the ones with the lowest
weighted scores will be considered as the most
important restraining internal and external factors
within the strategic issues.
Determining internal and external strategic
conditions: the weighted score from the matrices
will be a figure between -3 and +3 with 0 median. If the final weighted score is smaller than 0, it
means that the total internal and external strategic
conditions suffer from weakness or unpreparedness in the actualization of the strategic goal and
if the score is greater than 0, the total internal and
external strategic conditions are suitable and prepared to achieve the strategic goal.
Sing the IEM (Internal and External Matrix) 5
matrix (figure 5) the results from both EFE and
IFE are combined and macro strategic conditions

Internal Factors (Weaknesses & Strengths )

Score

Weight

Weighted Score

∑=1

∑= - 3 ≤ X ≤ +3

Weight

Weighted Score

∑=1

∑= - 3 ≤ X ≤ +3

1
.
.

20
Figure 2. Internal Factors Evaluation (IFE) matrix
#

External Factors(Opportunities & Threats)

Score

1
.
.
20

Figure 3. External Factor Evaluation (EFE)Matrix
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are analyzed and conclusions are drawn. Inserting the results from the two former matrices in
the IEM matrix it is possible to analyze the macro
strategic conditions of the system in relation to
the strategic goal. If the outcome of the scores on
the two X and Y axes fall within the first district
of the IEM matrix, it will indicated that strategic
conditions are appropriate for using aggressive
strategies; in cases where it falls within the second
district it shows average conditions and the adoption of status quo strategies and if it falls in the
third district of the matrix it indicates that the environmental conditions are not ready conforming
to retrenchment or defensive strategies.

Figure 5. Internal and External Matrix (IEM)

Figure 6. SWOT Analysis Matrix
The Fifth Step) The formulation of strategies:
to formulate and design strategies in the MISA
model, the SWOT6 tool is used for this purpose,
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from the factors in the categories S, W, O, T the
five factors with the highest weighted scores are
selected and put into their relevant squares in the
SWOT matrix. The selected factors are in fact a
part of critical success factors (CSFs). Through
adaptive and interactive analysis of CSFs in the
SWOT matrix 5 groups of strategies are achieved:
SO, WO, WT, ST and combination strategies. To
formulated and obtain the strategies in the SWOT
matrix the expert panel technique is used attended
by the representatives of informed, specialist and
interested individuals.
Discussion and Conclusions
Given the universal paradigm of globalization
and the inevitable structural transformations in the
macro subsystems of societies, and considering the
complex and strategic conditions existing in the
present national and international atmosphere, the
existence of a strategic analysis model to be used by
governments and multinational corporates making
strategic decisions seemed necessary. The design
of the MISA model was an answer in addressing
this important need. The comprehensive systematic
studies suggested that the available strategic analysis models such as the strategic management and
planning model (11), Anssef-Mc. Donnel’s model(12), the MIM models, the Gloeic model(13),
the combination model of Pierce and Robinson
(14), the Haux model(15), the Brison model (16)
and dozens of other model under the descriptive
and prescriptive approaches to strategic management suffer from essential weaknesses when used
in national and macro strategic analysis. The MISA
model proves the following advantages compared
to the existing models of strategic analysis:
1. The use of qualitative research tools in each
step of strategic information collection,
strategic analysis and strategy formulation
results in increased reliability and validity
of the results of the steps. This feature is not
observed in any of the previous models of
strategic analysis.
2. Most existing models are designed with a
focus on specific factors and variables of
the competitive environment and lack the
sufficient comprehensiveness to be used in the
strategic analysis of national and macro issues.
Volume 7 / Number 4 / 2012

technics technologies education management

3. The addition of the step of determining strategic
areas (not available in the existing models) in
the MISA model, while validating the strategic
information, which is the most important basis
in the underlying structure of strategic analysis,
has added flexibility to the model enabling it
to be used under any kind of environmental
conditions with its specific demands.
4. The introduction of a new digital logic in
the David’s model (IFE and EFE matrices)
the weakness of this model in determining
internal and external strategic conditions is
eliminated. In the David’s model positive
numbers in the range +1 to +4 are used
for both types of propelling (strengths and
opportunities) and restraining (weaknesses
and threats). In the underlying rational of the
EFE and IFE matrices both types of factors,
having a positive effect in the algebraic sum
of the weighted scores for factors, have an
incremental effect on the final weighted score.
However, these two types of factors should
work in opposite directions neutralizing the
effect of one another. Thus, in the MISA
model a new digital range between -3 to +3
was used for scoring the factors.
5. Another important feature of the MISA
model is that in the process of designing
the model, the most important strength of
the descriptive approach, strategic thinking
and the logical and structured system of the
prescriptive approach (through the adoption
of David’s model) were used.
After being designed and validated by consulting
experts’ views, the MISA model was used in three
macro national and provincial research projects including the strategic analysis of Iran’s conditions in
joining the world trade organization, the strategic
analysis of the cultural-student environment of Iran’s
Medical Sciences schools and the strategic study of
the implementation of the food and nutrition safety
project in the east Azerbaijan Province, Iran. The
strategies obtained through using the MISA model
in these studies were used by the ordering bodies
as interventions and left satisfactory results towards
the strategic goals of the aforesaid projects and were
approved by the supervisors, directors and experts
from the ordering organizations.
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Abstract
In the work, the economic valuation of external effects of the cultural heritage was done, as
developmental agro-tourism environment on the
example of Vojvodina. The authors suggest that
the culture had a crucial role in the evolution of
human creativity. Culture is a value without which
there is no development of agro-tourism and economy in general. Ethnological approach to the importance of culture and cultural creativity in the
creation of agro-tourism, involves interdisciplinary scientific research from the earliest times to
the present day. The work seeks to emphasize the
importance and role of culture in the development
of rural tourism in Vojvodina and development of
human society as a whole. Nowadays, when the
processes of globalization and integration have led
to rapid development and expansion of economic
activities, agro-tourism as a form of touristic offer,
becomes more important as it contributes to overall economic development.
It is pointed out that tourism, especially agrotourism, is directly related to agro-culture. It significantly affects the development of tourism, trade
and consumption. On the other hand, tourist turnover retroactively influences the development of
agriculture, especially agro-industry.
Key words: culture, human creativity, tourism,
agro-tourism, Vojvodina.
Introduction
Economic opportunities/difficulties, economic
problems in most countries of the world exactly,
adequately indicate the general accepted illusion
of the nineteenth and twentieth century that tech1888

nical knowledge, i.e. technical and technological
progress are way to El Dorado. Knowledge is a
major factor in economic and social processes, but
knowledge without education, or if the knowledge
does not follow the spiritual development, it becomes or may be counterproductive.
The illusion is that the mere accumulation of
material goods can raise the moral level of humanity. Reality and truth of everyday life indicate
otherwise. All inventions are created thanks to the
theoretical efforts of science, and are only artificial
additives to natural features and human organs. All
inventions or »equipment and devices« have extended the human out of body (egzosomatske) evolution, contributing to the increasing of the “body of
humanity”, i.e. the scope of its technical and technological capabilities. (Kalezić, et al. 2001)
However, under the laws of nature the soul has
primacy. In order to maintain the body and that
its movements are regulated, the soul must be expanded and upgraded. Otherwise, there are significant difficulties; the balance of the body is endangered. The economic, social and political difficulties of some other level in future periods, reflects
a disproportion between the soul of humanity,
almost unchanged compared to the original state
and its enormously enlarged body. Therefore, reduction of these disparities appears as a necessity
to preserve civilization.
Maybe the American University professor James
Burnham has right, when he sees the management
revolution as transfer of control over the economy
and other social affairs, from the responsibilities
of capital owners (here, in the above context, the
capital is only seen in material terms, factory-tools
and similarly,) to the responsibility of technical and
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other professionals who are entrusted with management of capital, but »luckily« evolution is inexorable. He further says that the ruling class in the future
will consist of people who have the greatest technical knowledge and leadership skills, but not of
the capital owners. According to him, people with
technical knowledge will overwhelmingly control
the means of production and have the highest share
in the distribution of goods produced with those
funds. (Dragičević, 1983)
However, technical knowledge and knowledge in general, without education by neglecting
the spiritual development of man, lead to the previously mentioned discrepancies, i.e. they open
the question of the survival of mankind. Reducing
discrepancies between out of body and spiritual
development is the broadest framework for the
survival of man as a being who, unlike other living creatures has no, as biologists say, »extreme
specialization that compels him to certain form of
life«. (Kalezić, et al. 2001)
Man’s uniqueness, viewed from the standpoint of
biological evolution, enables him to express his diversity and individuality freely and rationally at the
same time. This means that one’s actions are based
on the crossing of knowledge about what is going
on before him with what will happen in the future.
Man’s ability to plan and critically judge-decide is
a key for restoring balance between soul and body.
English historian (Toynbee, 2000:5) views the
past of mankind as a series of civilizations that
came one after another in succession and cyclical movements, and not as a struggle of nations
or political entities. According to him, every civilization survives or perishes depending on its own
ability to successfully respond to challenges, human and natural, moral and religious. He believes
that in the history there were 26 civilizations.
The historian Sarić (Sarić, 1996) claims that
there were more than 30 civilisations. He believes
that the civilisations progress - they go forward if
they are led by talented, creative minority, authentic elite, and they go down if the inacapable minority governs. Contrarily to C. Marx, he claimed
that the civilisation is shaped by spiritual, and not
the economic forces and that the fall of the civilisations is unavoidable.
Regardless of all this, for a human, the regeneration of all physical and mental capabilities is
Volume 7 / Number 4 / 2012

important, in a healthy natural environment if possible. According to demographic movements, climate changes and the needs of a mankind, the life
of the humans in the future will depend more and
more on nature, its natural and cultural values. The
work and rest of a human are conditioned, on the
on hand by values of the culture, and on the other
by his relation to the nature.
To be more precise, it is necessary to explain
additionally in which context the terms: rural tourism, country tourism, agro-tourism etc. Will be
used and what they mean.
Country tourism, beside services of accommodation and rest in the country has a number
of other activities of touristic offer in rural areas.
Nowadays there are a lot of ways of tourism in
the rural areas (home, hunt, fishing, adventurous,
agro-tourism, religious etc.). The base of all the
mentioned kinds of tourism is the rural area.
The term country tourism is accepted officialy
by the European Comission in order to clear the
touristic activities in the rural areas. The first European congress1 about country tourism was held
with the topic «The characteristics of the development of country tourism in Europe» in the organisation of the European federation for the country
tourism (Euro Gites). The two terms «country»
and «rural»2 were used concurrently. The terms
«farm tourism», «green tourism», «eco tourism»,
«agro-tourism» etc. were argued, (Štetić, 2007).
The analysis of the similarities and differencies
of the various kinds of tourism in rural areas is a
thing to discuss and demands great notice. Country
tourism, apart from space and commercial, implies
socio-economic component. The rural space can
be just rural and wild, without towns and people,
while the country means infra- and superstructure,
population, life. The life in the country was alwasy
dependent on the agriculture. Regardless of the fact
that some authors equal rural and country tourism,
thera are differencies, although every country is
1 Held in the year 2003in Spain in Andalusia in Haen.
2 Europe Committee defined the rural tourism in 1986 as
tourism that includes all the activities in the rural area
in which the tourists have a role. The most important
characteristics of that form of tourism are peaceful and
preserved environment, absence of noise, communication
with the hosts, domestic food, getting familiar with the
farm work etc. (Štetić, S., 2007)
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in the rural area. «Agriculture and forestry use the
most of the soil in the rural areas and they have
the key role in natural resources management and
defining of the rural landscape. Agriculture and
tourism provide the socio-economic development
of the rural areas and the complete fulfillment of
their potential, thus they are the platforms of economic diversification in the rural communities.»
(Todorović, M., Štetić, S., 2009)
The authors emphasize in the work the agrotourism as the segment of the rural tourism, with
the offer whic is generated by the time spent on a
farm, in the old houses, camping, exploration of
the etnographic values and gathering new knowledge connected to cultural heritage of the domicile
people. All the activities included in the rural tourism offer can be a part of agro-tourism offer.
Vojvodina, as an example, has significant agrocultural areas, the traces of cultures of various
people that existed there during history, which is
interesting for the tourists. Beside that, Vojvodina
is not polluted, which is a precondition for the production of biologically qualitative food that can be
served in the authentic country area3.
Developmental aspects of agro-tourism
If there is a qualitative organisation of the development of agro-tourism, the economic effects
are multiple. Considering economic effects of agrotourism input-output relation is especially interesting at the level of local community. Almost all the
inputs are in the local community, and also the outputs are there, they are not transported or exported
anywhere. All the revenues stay in the local community, the economy is stronger. If the resources
are engaged in a proper way, there can be good results. All that is needed for the complete offer (what
the tourists need) is there in the local community.
Beside the fact that the agrisultural products are
sold to the foreign tourists with prices considerably higher than the export prices, it is important
that the realisation happens in the land of production, thus the transport costs and protectionist barriers on the foreign markets are eliminated. Differ3 A good example for that is Ranch 137 near Novi Sad
where one can enjoy domestic food and beverages in the
authentic ambient and local Vojvodina etno music. Ranch
137 is already established by its cuisine and social life.
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ent ways of inport quotas, high standards, health
and ecological aptitudes, strict quality control etc.
are eliminated by the realisation of the agricultural
products through touristic services.
The built structures (starting from old houses,
ranches, pile-dwellings etc.) are good accommodation offer of the authentic ambient. Economic objects
on the farms, as a part of the food production infrastructure, are an important part of superstructure.
The developmental aspects on one side, and
agricultural on the other, generate their complex
interdependency.
Tourism, as economic action or a model of economic development, is different from production
actions, especially industry. The difference is that
production actions generate the development by
producing new values, and tourism stimulates development through the consumption of those values.
In the developed economies, there is the advantage of the services over production, emphasizing that the modern economies are servicable
economies. The problems of further development
are in the consumption, but not in the production,
in other words in the possibility of the sale of the
produced. The fact that tourism enables the sale
of the produced values through the tourist market,
confirms the developmental function of tourism.
The developmental aspects of tourism are established on the complex interdependency of touristic consumption and various production activities.
This pinpoints that tourism can not be studied and
managed as strictly defined independant action or
economic branch in the range of economy. «Tourism is a complex phenomena, and its developmental functions are various and mixed. To manage
this phenomena, on national or regional levels,
demands sophisitcated skills and wide cross funcional knowledge.» (Dulčić, 2001:5)
The geographical position and other factors, determine agriculture and tourism as basic actions,
main pillars and carriers of the complete economy
development. The considerations are not rare that
the development of the rural tourism and proper relation to nature are one of the way of the connecting
of these two actions. However, rural4 tourism is just
one direct correlation of agriculture and tourism.
4 Greek agros; lat. ager; then, lat. rus and ruralis; fr.
touriste; eng. touring.
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In Hungary the term »country tourism« relates
only to the services and activities realised at the
country, while in Finland or Croatia – Istra under the term rural tourism there is the rent of the
old houses with the ability of food preparation on
your own. In Slovenia and Netherlands rural tourism means the touristic activities on family farms,
while in Greece, the main product of rural tourism
is spending a night in traditional rooms and having
a traditional meal.
Eco-tourism, with all positive aspects5, is directly conditioned with healthy food and environment. There is a special place for autochthon flora
and fauna. The proper and payable valorisation of
values of flora and fauna are in synergic development of agriculture and tourism, it demands engagement of professional and ecologically educated staff. In cooperation with local people, the staff
would provide environment preservation, while
the stay of the tourists in the country side would
effect the ecological awareness. In the long term,
it would provide the proper attitude of people towards the environment.
«In the time of `mass tourism` one of the determinants is: compatible interaction of tourist
economy (all segments of national economy) and
agriculture. Those interactions are (quantitative)
very impressive and (qualititative) very important
for the development.» (Vukićević, 1979:25)
The healthy food production solves a number of
ambiguities and problems concerning nature, various types of tourism (etno, green, rural and responsible tourism). The multiple analysis, from the aspect
of economy, geography, agronomy and sociology,
confirms that healthy food and water are primary
development element of the previously mentioned
types of tourism, and at the same time qualifying
them as integral segments of agro-tourism.
The concept of sustain also means the connection of agriculture and tourism. Tourism is
connected to the area, sustainable tourism for
the sustainable area, sustainable agro-tourism
for the sustainable agriculture, and this again for
5 Insisting on the preservation of nature; faster development
(in recent years) in relation to other ways of tourism;
then, engaged means and revenues (invested means in
eco-tourism for the period of five years from 1993 to
1998 on the world level went from 10 to 20 billions of
dollars). (Williams, A.M, 1988:35)
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the healthy environment-area. These two actions
are indissolubly connected by «inter-sustain» by
healthy food. The healthy food can only be produced in the healthy environment. The spheres of
concern are that tourism works on the education
of the tourists in the direction of agro-tourism –
healthy food, healthy life, and on the other hand,
agriculture works on the sustainable development,
sustainable agriculture. Interdependency of agriculture and tourism is stronger and wider, than rural or some similar way of tourism.
It is not enough to pinpoint just rural or country
tourism as point of contact in the analysis of interdependency of tourism and agriculture. Through
food products, economic stimulation, every type
of tourism is connected to agriculture6.
Table 1. Arrivals and tourism revenues in the world
International arrivals
France
Spain
USA
China
Italy
Great Britain
Germany
Ukraine
Turkey
Mexico
Serbia*

Mil.
81,9
58,2
51,0
49,9
41,1
30,7
23,5
18,9
18,9
21,4
2,2

Revenues
USA
Spain
France
Italy
China
Great Britain
Germany
Australia
Austria
Turkey
Serbia *

Mld. $
96,7
57,8
54,2
42,7
41,9
37,6
36,0
22,2
18,9
18,5
0,94

Source: Đurašević S., (2010), The basics of tourism, Metropoliten University, Faculty of Foreign Languages, Podgorica, pg. 8.
* Data NBS for 2008, Belgrade.

Tourism as mass phenomena and one of the leading actions in the world (it is in the third place
for its number of participants and turnover) is in
the direct correlation with agriculture. According
to the data, the revenues from the foreign tourism
in the world in 2006 were 735.000 mil. $, or daily
1.304 mil. $. There are 260 mil. people employed
in tourism. From 100 employed, in France there
are 6, in Portugal and Austria 7, in Switzerland
9, Spain 11, greece 12 and Austria 15 people that
make their living out of tourism.
6 Congress tourism, with all its aspects, no matter of the
organisation level or place (Switzerland for instance)
through economic stimulation and food is connected to
agriculture.
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The tourism analysts calculate that in 2030 rate
of the people who travel to foreign countries as
tourists in relation to the total number of world population will come to 14.1%, which can rarely be
noted by any other action. Beside all the changes
in the world, tourism had 10,5% in the world GDP
on the global level and 12,5% in the worl export
in year 2006. According to World Tourist Organisation assessment the total foreign tourist turnover
in the world in 2010 was billion tourists, while in
2020 it would be 1,56 billion of foreign tourists.
If we take a look of UNWTO calculations the
international travels will increase from 842 million in 2006 to 1,6 billion in 20207. The tourist will
spend over two billion dollars and make tourism
the leading world industry. These calculations are
based on the annual growth rate of 4,3% for travel
and 6,7% for costs.
The tiptop question of a further successful development of Vojvodina economy is the question
of range and way of investment in agriculture and
tourism. A good model or way of effective connection of these two actions in order to develop
Vojvodina economy is agro-tourism. The concept
of public-private partnership (especially when
it comes to the construction of infra- and supersructure objects and systems necessary for agrotourism) according to the exampke in the world
it would have special significance in investments
in Vojvodina agro-tourism. With this model it is
important that the private partner takes the risk of
projecting, deadlines and construction costs and
also the mere functionong in the agreed period.
The government of John Major in Britain was
among the first to apply this model in the construction of British embassy in Berlin, or subway in
London. Netherlands does even the transactions of
cadastre sectors by this model. In Germany 40%
of public investments are public-private partnerships. Portugal and Ireland have constructed the
great part of infrastructure by this model. (Marenjak, Skenderović, 2006:20-23)

7 If we leave out the disruption on the global level:
terrorism, tsunami, bird flu, sars virus etc.
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The correlation of agriculture and tourism
development
In the teory of economy, especially in the theory
of economy development, the effects of tourism on
the total economy are well known. The positive effects of the tourist consumption in agriculture are
especially expressed in foreign tourism. The money
that foreign tourists spend in one country has multiple effect on GDP and employment. The foreign
tourist consumption causes initial impulse with
which the multiple sequence starts. This consumption means overflow income from abroad, that runs
through a number of actions and branches, till it goes
abroad, at the basis of import of goods and services,
or it turns into domestic savings. (Stevanović and
co-authors, 2005.) Intermediate economic effects
are seen through the development of other economic actions that are for the touristic consumption.
Economic results of touristic turnover are highly
seen in the development of traffic, trade, production
craft and service actions. The growth of production
and services in turnover actions results on the basis
of growth of demand and turnover through tourism
and catering industry. By the tourist consumption
the economic effects and and growth in the total
economy are increased. From all the direct effects,
the most significant is the currency or balance of
payments effect of tourism. Coming to agriculture,
this effect must have special attention. In economic
theory well known is the phenomena of “invisible
export”, export through giving services to foreign
tourists.
Tourism is developing under the effect and
as a result of the total economic development
and growth of the productive work. Beside that,
some economic actions significantly effect the
development of tourist economy, its turnover and
consumption. Tourism retroactively affects the
development of economic actions, most of all agriculture and food industry. Tourist turnover, and
especially foreign tourism affects the development
of agriculture and its modification industries.
Analysing the correlation of development of
tourism and agriculture, the following possibilities
should be considered:
–– first, there are favourable conditions for
both tourism and agriculture development
at the same time in tourist places;
Volume 7 / Number 4 / 2012
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–– second, there are favourable nature and other
conditions for the tourism development,
while the conditions for agriculture are not
favourable;
–– third, there are favourable nature conditions
for the development of intense and various
agriculture production, while the conditions
for tourism development are relatively
modest and not favourable, and
–– fourth, there are not favourable nature and
other conditions, for both agriculture and
tourism development.
In the first case, it is objective to expect that
there can be high level of interdependency between
these two economic actions. Here are the tourist
places that can meet their agricultural-food product needs by bigger production in local range or
in the regions that have ora are near tourist places.
There can be great effect on agricultural development if there is spa tourism near agricultural zones
or they have a good connection in communication. This is characteristic for almost all the tourist places in Vojvodina and significant number of
places in central Serbia. By widening of the tourist capacities, especially in the rural areas, there
are favourable conditions for the development of
country tourism for relaxation, recreation, health
rehabilitation, sport activities and other. Suitability
for the country tourism is in mountainous areas.
In the second case, tourist destination affects
the additional demand for agricultural-food products. The deficit of the agricultural products is
solved by the import from regions with the developed agriculture, but in which there are no conditions for tourism (case 3). Tourist demand will affect the agricultural product demand, and it will affect the total development of the region. It affects
also the change of the employment structure, in the
mere region where the tourist capacities are and
in the regions from which the food, which is realized in the tourist offer, comes. The development
of tourism leads to the decline of agricultural employment, while in the others, that produce food
to satisfy tourist demands, agricultural employment increases. In the places of tourist destination
people get the new possibilities for employment
and earning more than in agriculture. For tourist
areas it is usual to have the decline of agricultural
Volume 7 / Number 4 / 2012

employment. Thus it is reasonable to consider one
of the favourable solutions for agrarian overpopulation, even more effective than industrialization.
The tourism development in some regions absorbs
excess of farm work force, without any pressure
on the cities and without a number of unfavourable socio-economic and ecological consequences
that the accelerated industrialization can bring. In
other case if there is depopulation and the country
is getting old, as in Vojvodina, (table 2) the tourism development can solve this problem.
In the places with favourable conditions for
tourism development (case 2), which are characterised by undeveloped or not enough developed
agriculture, tourist consumption can affect agricultural production development. In this group there
are low mountainous regions, lakes and spa capacities. Not polluted environment is an advantage of
this region for the production of agricultural-food
products that can be a special tourist offer.
The effect of foreign consumption is especially
significant if there is optimal supply of agricultural-food products. It enables the export of agricultural products in the range of local tourist turnover.
The effects of agricultural products classification
through export channels and classification in local range through the foreign tourist consumption
are in proportion 1:10. With some agricultural
products, this proportion can be more favourable
when it comes to foreign tourist consumption.
The classification of agricultural-food products
through foreign tourism has no foreign competitor.
Through foreign tourism there is consumption of
agricultural-food products that can be hardly classified in the choosey foreign market.
He places that can provide intense agricultural
production in order to supply developed tourist
places are interesting. In these zones the offer of
agricultural-food products is higher. However, in
order to classify these excess products from these
regions on the domestic and foreign market, or
tourist places in other regions, it is necessary to develop and organize modern market. With modern
trade, package, traffic these products can be classified even in very far tourist destinations.
Agro-tourism of Vojvodina: characteristics
and specifies
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Simply, the concept of agro-tourism implies
two groups of people. The ones that visit (they
need natural area, adventure, introduction of other
cultures etc.) and the ones that host (motivated by
the earnings). Both sides spend some time on agricultural household because of: geographical area;
etnographic and other cultural values; work and
other activities of the host in which the visitors want
to take part: works in the vineyard, preparation of
food in the traditional way – hearth, sač(special
kind of lid for food preparation), chains, well water taking, horse riding, swimming in rivers or
channels, walks in the untouched countryside, the
adventure of meeting different animal species or
simply passive participation – not doing anything
but be present and emotionally enjoy.
It is assumed that the first steps of country tourism in Europe were made in France at the beginning of XX century, with spontanious visit of the
citizens to the county at the weekends. Because
of the vehicles of that time, these visits were not
far. The population of the country at that time did
not have much free time to host these visitors, but
because they were in family relations, the accommodation was provided. Thus, there were no strategies or laws. It started thanks to private initiative
both on the side of demand and offer.
As a next phase in the development of country tourism ( the middle XX century) there is the
organised access to migrations of the population
from the factories to the country land in France.
France forced the organisation for planning
and development of country tourism ’’Gites de
France“ in 1955, which today is great organisation in Europe. It is said that European federation
of country tourism, which has more than 25 or-

ganisations from different countries, got the name
from the French organisation.
In the sixties and seventies in XX century there
is the focus of the tourism development in the
country to agriculture, to agro-tourism. The migrations to country areas, made that the revenues
of the visitors are not given to the country communities, but to agriculturists.
In the eighties and nineties in XX century starts
the organisation of the state to access these funds
and programmes LEADER-1 and LEADER-2,
with debates should the new trends in rural areas
be defined as country or agro-tourism. However, all
the debates concerning agro or country tourism had
as an aim the development of country areas. The
agriculture is coming bac through agro-tourism.
The chances of Vojvodina agro-tourism are
built with the new world trends through the sophisticated demand. In the first decade of XXI
century the agro-tourism demand was intensified:
the adventures and emotions in the country, the
understanging of other culture, to be active and
understand the customs etc.
The potential effect of foreign tourists on the
Vojvodina economy, agriculture most of all is significant because of the small import dependency of
tourist economy. Thus it can be expected that every
dollar of the increased foreign tourist consumption,
will have longer effect in our economy. It is very
impotant, concerning food and drink, the products
which are domestic, produced without any foreign
input. However, it must be taken into account that
smaller number of tourist spendings goes for food
and beverages. We are witnessing decline in the
significance of food in tourist offer. This will have
counteraction in our conditions, but a little bit slow-

Table 2. Municipalities and places in Vojvodina with a negative natural increase
1993
Municipalities
With neg. natural increase
Settlements
With neg. natural increase
Urban settlements
With neg. natural increase
Other settlements
With neg. natural increase

Total
45
43
466
353
52
38
414
315

2003
%
95,6
75,8
73,1
76,1

Total
45
45
467
411
52
50
415
361

%
100
88,0
96,2
87,0

Source: Statistic Serbia annual report, Statistical Office of the Republic of Serbia, Belgrade, 2005
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er. The qualitative food is our competitive value. If
we emphasize it, the multiple effects of the foreign
tourism on the growth of GDP will be higher, significantly greater than in the transport, traffic etc.
According to the register in 2002, in Vojvodina
there were 2.031.992 people, 984.942 men and
1.047.050 women in 709957 households, with
increased population consistence of 94 citizens/
km². There were 912.800 work capable citizens,
530.197 men and 382.603 women. With personal
income there were 408.999, and 382.603 dependent citizens. There were 215.147 citizens working in agriculture, 125.506 active and 89.641 dependent. Attention is driven to the natural increase
at the demographic factor in Vojvodina (Table 2).
In period (1993-2003) data show the negative
dynamics of natural increase in municipalities and
settlements. Negative dynamics is greater in urban
settlements, where the number of urban settlements was increased from 38 in 1993 to 50, which
is 96,2% of total number in 2003.

The data is showed according to the type of the
settlement (Table 3). In the last inter- register period (1991-2002), over 40% of urban settlements
has tendency of the decline of citizen number.
60% of total number of settlements in Vojvodina
is included in the decline. Having in mind negative rate of natural increase in Vojvodina in the last
inter-register period the greater and greater number of settlements will be emptied.
Recommendations for the development of
agro-tourism in Vojvodina
In the context of the above mentioned, there
should be realistic and clear rules and law frames,
in accordance with disposable institutional infrastructure, which must be regarded. The present
capacities should be adjusted to new demands, according to the state in the private sector.
Building simple and easily applicable law regulations, the state must pay attention to security and

Table 3. The types of settlements according to the type and changes in the number of citizens in the
period of 1991-2002
Settlements
Urban
Other
Total

Total
No.
52
415
467

Decline of citizens
%
100
100
100

No.
21
260
281

%
40,4
62,7
60,2

Increase of citizens
No.
31
154
185

%
59,6
37,1
39,6

No changes
No.
1
1

%
0,2
0,2

Source: Statistic Serbia annual report , Statistical Office of the Republic of Serbia, Belgrade, 2005

Table 4. Arrivals and overnight stays of tourists in Vojvodina according to types of tourist places in 2010
Total

Domestic
No.
index (2009 =100)
Arrivals
179385
94
41870
106
2354
71
13962
90
103129
93
18070
81
Overnight stays
550278
102
68181
105
26253
82
70848
106
322551
99
62445
122

Foreign

No.

index (2009 =100)

No.

index (2009. =100)

Vojvodina
Main centre
Spas
Mountains
Other tourist places
Other places

281842
92620
2468
15521
147873
23360

97
110
71
90
96
77

102457
50750
114
1559
44744
5290

104
114
90
88
102
67

Vojvodina
Main centre
Spas
Mountains
Other tourist places
Other places

767304
168347
27600
76203
420492
74662

101
104
82
106
98
112

217026
100166
1347
5355
97941
12217

98
104
87
114
94
80

Source: Statistics of tourism and hosting, Statistical Office of the Republic of Serbia, Notice No. 21/2011
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tax regulations regarding flexibility and simplicity. In this way the private initiatives would be supported. The tourists need, beside natural environment and and physical activities, the authenticity,
originality and adventure. They need the emotions
on the ranch, čarda (special type of house) or piledwelling8. With the perservance and restauration
of etnographic and other cultural values the authenticity and originality would be saved and the
tourists would like to see that and pay for it. The
professional staff can break the delusions concerning agro-tourism9. Vojvodina can have a serious
development of agro-tourism in the short period (5
to 10 years) according to its geographical position
and other values.
Vojvodina had tourist revenue in 2010 Vojvodina je u 2010 282 thousand arrivals (domestic tourists 179 thousand and foreign102 thousand) and
767 thousand overnight stays (550 thousan domestic and 217 foreign). This turnover could be higher
according to natural values (etnographic and other
values). According to the values in the tables No. 1
and No. 4 there is an essential question concerning
developmental aspects of agro-tourism in Vojvodina: how can Vojvodina use trade potentials of
international tourism to activate its developmental resources, or, how can Vojvodina develop competitive production of tourist services?
As a consequence of the global financial crisis10
there is a decline in the arrivals and overnight stay
in Vojvodina (graph 1). In relation 200811, number
of domestic tourist arrivals declined in 2010 by
20%, and foreign only 1,5%. The number of over8 If someone believes that he can organise accommodation
in an old house on the soil bed (a special bed made of
soil, made in the houses before World War I, usually
near the hearth, the houses did not have ceilings like
today, only wooden posts and straw roofs) he should not
be stopped by law procedures.
9 France was the first in Europe, sixty years ago, to start the
development of agro-tourism. Today, France has over
70.000 of accommodation units organised in different
ways (from overnight stay in country areas and on farms
to cottages with the catering in the countryside). Spain
needed 15 years to organise serious level of offer in
agro-tourism.
10 It is known that tourism is very sensitive to changes
in life standards changes, but also that it has a positive
reaction if there is an increase in the standard.
11		Negative effects of the global financial crisis in Serbia
were felt in the second half of 2008
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night stays of domestic tourists in 2010 is 15,2%
less, and foreign 6,5% in relation to year 2008.
The consequences of the global financial crisis
had a much greater negative effects for domestic
tourists. It is a consequence of the low standard of
living in Serbia. The global financial crisis only
deepened for many years present crisis in the
economy of Serbia.
In 2009 and 2010, the reduction of the number
of arrivals and overnight stays of foreign tourists
in Vojvodina was stopped, which is case in arrivals
and overnight stays of domestic tourists. Namely,
it is still downtrend in the number of arrivals and
overnight stays of domestic tourists. Given the
level of GDP per capita in Serbia, especially if one
bears in mind the level of GDP per capita in the
EU, in future we can not expect a significant increase in arrivals and overnight stays of domestic
tourists in Vojvodina.

Graph 1. Arrivals and overnight stays of the
tourists in Vojvodina in the period 2007-2010
Source: Republic Statistics Institute, Belgrade.

Bearing in mind the offer of agro-tourism the
conference or saloon styles should be avoided
when furnishing the objects. It is wrong to impose
opinions on what and how to do, especially copying models from other countries. Each country has
different natural and cultural values, and accordingly the appropriate legislation. Standards, especially foreign, must not destroy the individual,
traditional and authentic12. In short, to prevent the
destruction of a healthy rural by urban!
12		Tourists sometimes want to see and/or learn how to
breed pigs on the private farms, for example in the
country near Zrenjanin, or how to feed horses and pigs
on the island in Danube near Krčedin on the open.
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Agro-tourism should be based on the knowledge
that the money from visitors to rural areas should
be returned to rural population. If you consistently
apply the principle of sustainable development of
rural tourism, the economic effects are multiple.
In perception of the effects of agro-tourism, the
input-output relationship at the community level
is especially interesting. Almost all the inputs are
engaged from or in the local community, while the
outputs are also realized there, they are not transported or exported anywhere. All revenues remain
in the local community, local economy is stronger.
If the local resources are smartly engaged, all it
takes to complete the offer (what tourists look for)
is in the local community13.
The governmental and academic institutions
are expected to break down prejudices that agrotourism is “charity for the rural population “, but
that it is healthy development and a nice business.
Significance of the culture and human creativity for the development of agro-tourism
The values of other cultures and human creativity are infinite, immeasurable evolutionary
mosaic, but also the flow, i.e. “the river” without
a source and the mouth. All the cultural values of
Vojvodina present its holistic picture to the other
nations and other countries.
Agriculture with all its traditional values and
specificities without doubt is an integrative element
of culture. Judging from the literature and research
findings of the theorists (Vujović, 2007:215), agriculture from the smallest to the largest spheres of
the development of mankind, is a fundamental activity or starting point of human existence.
Written records show that the economy, even
in ancient times, about 6000 BC, was based on agriculture, cattle breeding and trade. At the time of
Greek city-states and the Athenian Empire, and later
in Roman times, the basic industry o f both Greece
and Rome was agriculture (Galbraith, 1995, 7). The
famous British economist Malthus (Malthus, TR,
1798:131) in his scientific analysis, directly linked
13 All the objects (starting from the old houses, ranches,
pile-dwellings etc.) are a good basis for the tourist offer
of the authentic ambient. Economic objects on the
farms, as part of infrastructure for food production, are
an important part of superstructure.
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the growth and survival of the population to agriculture through the production of food.
Aristotle (384-322 BC) by analyzing the fundamental categories of economics (value, exchange,
distribution, etc.) and ethics (morality, moral
norms and principles) never questioned the fundamental position of agriculture. A similar relation,
after Aristotle through history, had well-known
scholars of economics Smith, Ricardo, Marx,
Keynes, Leontief and others (Vujović, 2007).
However, there were those such as Hume (David Hume 1711-1776) who, speaking of economic
development and manufacture production, created
confusion, with allegations of type »could not think
of any paragraph of any ancient author in which the
growth of a city was attributed to the establishment
of manufacturing »(Galbraith, 1995, 7). Is it right?14 In agriculture and economies in general, the human factor has indispensable role, but skilled and
knowledgeable factor, which confirms the ingenuity
and visionary of advocates of personnel formation.
Tourism, as one of the leading15 sectors in the
world, is directly related to agriculture. In terms of
healthy eating and healthy environment, i.e. primal
necessities of life, through health it can be said,
that tourism is vitally dependent on agriculture.
On the other hand, directly or indirectly stimulates
the prosperity of agriculture and the economy.
The term agro-tourism indicates the unbreakable interdependence between tourism and agriculture, whether it is organized by unifunctional
or profit model. Agritourism can be interpreted
in many ways. Most often this includes tourism
focused on substantive issues, healthy eating and
staying in a healthy environment, through integrated development of agriculture, taking into account the aspects of sustainability.
Multifunctionality and integrated development
of agriculture on the one hand and the heterogeneity of the request or desire on the other side, with
the implementation of the principles of anthropocentrism and ecocentrism make their relationship
very complex.
14 It is true that working with a hoe or knitting sweaters is
manufacture, but also work on the harvester, or computer,
or magnetic resonance scanner in a clinic, manufacture
in a certain way, but significantly different from the first.
15		Tourism is on the third place with its number of
participants and turnover
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Interdisciplinary analysis of the interdependence of these two activities (more tourism than
agriculture) profiles agro-tourism as a citadel of
the total tourism, which has a base in agriculture.
Agritourism directs the total agricultural complex
to sustainable development, food production and
its classification on the market. It does not only
encourage and support the orientation of tourism activities to the original meaning of the term
»agro« (Greek agros; lat. ager), but to sustainable
integral development with primary agriculture in
the center. Indirectly, through the concept of integrated development of agriculture, tourism encounters various activities related to agribusiness.
»Terms agrarian (agricultural) and rural (country) entrepreneurship are derived terms from the literature and practice, the model of multifunctional agriculture, that, integral rural and sustainable development of agriculture and rural areas of developed
European countries, especially EU members, which
have determined for this» (Milanović, 2006:56).
Conclusion
As the basic values of all cultures and civilizations from the earliest times to the present, mentifacts are equally fundamental values necessary for
the development of agro-tourism.
The links between culture and agriculture from
the earliest times are direct, linearly dependent.
According to their permanent complex interdependence, there is a further question -whether the
culture generates agricultural development or vice
versa, agriculture generates the development of
culture? The fact that agro-culture implies agriculture as the foundation of its own existence, provides an answer to the question what impact culture
has on the development of agritourism.
Material and spiritual values, created during
the long evolution were very often, because of its
historical and artistic significance, uniqueness and
exoticness, very attractive by its very motivation.
In that respect the following group values can be
noted: ethnographic, archaeological, historical,
artistic, urban and technical. They have irreplaceable essential effect on the development of tourism and the tourism of Vojvodina. The domain of
traditional material culture in particular points out:
the authenticity of the former way of life (ranches,
1898

old houses and cottages), costumes, craft products
and handicrafts, ethnic food, etc. Spiritual traditional cultural values are: folklore, music, speechlanguage, customs, traditions, etc.
No matter that the early feudalism in the Middle
Ages contributed to slowing (stopping) of the development of science and culture, there was the appearance of renaissance. The c onditions for the development of science were created. Economic and
cultural progress went on. Even today, despite all the
economic problems and the global economic crisis,
development of agriculture and tourism is going on.
Tourist offer of a country should be recognized.
Health, sports, country, and especially hunting and
fishing tourism, provide great opportunities for an
atypical, highly diversified offer, in terms of accommodation facilities and food. Usually this kind of
touristic offer means higher prices and guarantees
greater use of positive effects of tourism, which means that the essence of the development of agritourism in Vojvodina, in answer to the question of how
to use the available resources of international tourism to activate their own development resources.
The governmental and acad e mic institutions
are expected to break down prejudices that agro-tourism is »charity for the rural population«, but
that it is healthy development and a nice business.
For successful tourism de v elopment a good
marketing approach is required, which would emphasize all the qualities of the variety of tourism. As
the skills of resource management in international
domains gained a dominant role, the existence of
firm commitment and financial support towards the
education of professional staff (by world standards)
in the field of tourism and its related activities is
necessary, which is a safe investment in the future.
Management has to designe and create the tourism
functioning and its bi d to attract foreign tourists,
who could ensure the inflow of foreign currency as
a driving force for further economic activity.
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Authentic Bosnia and Herzegovina: definition
of hypothetic heritage routes
Lana Kudumovic,
Architect, Bosnia and Herzegovina

Abstract
Heritage or in general monuments and sites of
cultural and historical significance today are very
often just a symbol of the existence of life and
culture in a specific area. We are witnessing the
inappropriate usage of heritage in contemporary
society which is putting heritage into backside degrading its values.
Heritage management promotes the preservation
of heritage and cultural-historical values respecting
its outstanding universal values, characters, historic
fabrics and authenticity, as well as increasing and
developing these values through quality intervention
as a reflection of contemporary actions in a historical setting. One of the basic problems in approach
to architectural and cultural heritage protection and
preservation is the view on cultural assets isolated
from the environment and without any knowledge
about historical layers in a specific locality.
This paper defines overall and the key aspects
of the problem including several small historic
towns in the basin of the Bosna River as a part
of the potential hypothetical routes of “Medieval
towns within the project of authentic Bosnia and
Herzegovina”. Another example given in this paper is an historical overview of the town of Visoko.
Key words: cultural routes, integrated management plan, authenticity, medieval fortresses
Introduction
Heritage of Bosnia and Herzegovina created in
continuity through different historical periods, give
us definition of authentic Bosnia or what is authentic inside borders of Bosnia and Herzegovina, today
is usually unpreserved, inadequately presented and
without any plans for preservation and use.
Architectural heritage and cultural historical
values must be analyzed from different aspects and
are inseparable from its environment. Depending
on type of heritage and values that defines that
1900

heritage different principles and methods could be
used in order to define existing condition and level
of heritage preservation.
Architectural heritage together with natural
environment, and other specificities that makes
certain locality special, is making possible to represent it through use, preservation, promotion, etc.
Contemporary programs for preservation of
the natural and architectural heritage represent
permanent activities that imply directs actions on
physical preservation also imply heritage perception according to the point of view of permanent
users – local population and their needs but also
from visitors point of view.
Therefore balancing of the contemporary life
needs and historical ambience inside which different existed different way of life, completely different from the moment when certain locality was
created is needed. This also represents one of the
key goals during creation of heritage preservation
program.
It is important to highlight that values could
be very differently defined, while the spirit of the
place and memory as well support its authenticity.
When determining authenticity of architectural
heritage space, time, society, economy and other
elements should be included. On the other hand, in
order to preserve authenticity or it should be clear
on which way they correspond with the environment and society through its function, material,
construction and general social significance. Beside this, it is important to know what contributes
to the defined values. All this Integrated together
could be used to produce guidelines for future
plans of development. (1)
Despite the facts that cities during history
passed through different changes (positive and
negative), often reflecting loss of values, nevertheless contemporary approach to heritage preservation must be directed to provide preservation,
development and heritage presentation.
Volume 7 / Number 4 / 2012
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Historic ambiance in B&H - Authentic
areas of B&H
For centuries, the territory of Bosnia and Herzegovina was under different influences of the
East and the West, which leads to creation of the
unique authentic structures, interspersed with tangible and intangible values which make Bosnia
and Herzegovina unique in the heart of Europe.
In order to provide platform for heritage preservation in the future, respecting all historical
layers, according to the internationally adopted
regulations it is necessary to define possible integrated areas of natural and cultural heritage in
Bosnia and Herzegovina.

Picture 1. Authentic areas of Bosnia and Herzegovina
Authentic values and integrity are the basis that
could be used as for integrated areas design as
well as part of some of hypothetical routes.
Following the historical development, it is clear
that most of the towns were established during the
medieval Bosnian state. It is clear that some of the
cities were developed even in prehistoric times, but
today it is possible to see them only as physical remains of the Middle Age.
Cities by the end of the Middle Age was mostly
build along the rivers, so the river basins have developed a number of fortified cities, with more or
less importance, whose development has continued through successive historical periods.
Volume 7 / Number 4 / 2012

One of the main river basins that were axis for
cities development is basin of the Bosnia River.
Brief overview of historic development of Bosnian state and urban development as well provides
us basic information that is in common for almost
all towns.
The oldest known group of people that were
inhabited the territory of Bosnia and Herzegovina were the Illyrians, who had had contact with
Greek colonies on the coast of the Adriatic Sea.
During the following centuries Bosnia was influenced by the Roman Empire. Numerous artifacts
confirm this attitude (baths, villas, mosaics, etc.),
but mostly created as results of joint influence
on same territory by Romans and Illyrians. With
Slavs arrival in 6th and 7th century importance
of Roman influence, which was clearly present in
all segments of urban development, was gradually lost and new culture emerged on same base.
It should be underline that ancient culture has left
a clear mark as it had developed roads network
and cities which was later further developed during Middle age period.
The charter issued by Kulin ban in 1189 to Dubrovnik’s traders at the Bosnian territory represents
a milestone of existence of Bosnian state. European culture was involved in constructing of sacral
building during 10th - 13th centuries built in pre-Romanesque and Romanesque style. Following European standards in architecture numerous fortresses
were built all over the country, particularly in area
of central Bosnia that was in the same time the core
of Bosnian state. Among them Bobovac, Kraljeva
Sutjeska and Visoko were branded as kings’ cities
due the facts that kings seat was in those cities. (2)
A new system of building in Bosnia was introduced by the arrival of Ottomans in 1463 in accordance with the new philosophy of life based on Islam and by establishment of centralized administration system with military border far away from
center of State. This period was marked by the
construction of a new architecture of public buildings and the development of new urban scheme
based on Islamic principles. (3)
Presence of the Austro-Hungarian monarchy in
Bosnia and Herzegovina between 1878 and 1918
brought western European influence and establishment of new economy based on industry and
railroad infrastructure, but also new architectural
1901
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and urban development. New administrative center with state government, system of courts, police, lands register was organized.
Necessity for good communication inside
country and with the rest of the Monarchy was
crucial in order to develop industry what resulted
in rapid construction of the railroads. During this
period, railroads connected all important centers
by 1000 km of built railroads and about 550 km of
rails that was connecting woods and mines. Also,
different kind of industrial structures were built all
over the country (brick, tobacco, beer factory etc.).
All those trends of development during AH
monarchy caused increased number of inhabitants, what required construction of new buildings.
New type of building blocks were applied as it
was common in rest of the AH monarchy.
The Austro-Hungarian occupation ended with
the beginning of WWI. New Kingdom of Yugoslavia was formed, and it ended soon after the WWII.
This period of 27 years is mostly remembered as
period of social tensions and destruction of culture
and heritage.
After WWII development of new republic of
Yugoslavia was followed by existing cities devel-

opment and by creation of new settlements during
forty years. New urban areas were clearly depicted
situation that was prevailed in the whole country.
In a brief historical overview of significant
historical sequences development it is certainly
worth to note that the eighties of the last century,
were productive and successful as it confirm the
Sarajevo Olympic Winter Games in 1984. Such
a positive trend of development of the state, society, culture persisted until period from 1992 to
1995 which was marked by aggression to Bosnia
and Herzegovina with enormous destruction and
eradication of many settlements, key monuments
followed by genocide on Bosnian people.
The post-war period has brought a numerous
problems, mainly caused by the construction of
facilities without respect of existing values and
surrounding. Unclear political situation allows
creations of structures that distort the perception
of authentic natural and building heritage values
of Bosnia and Herzegovina.
Three rivers, Bosna, Una and Neretva could be
marked as three authentic parts, and several small
historic towns in the basin of the Bosna River will
be presented in table 1.

Table 1. Historical sites from Middle age in the basin of Bosna River
Town

Image

Description

Medieval urban structure Bobovac was the capital of the
Bosnian rulers. (XIV century - 1463) Fortress had 11
towers and the royal court had the safest position. (4)

Visoko

The fort was built on the highest hill among the prominent
mountain chain that on the south side closes extended
valley of the Bosna River, which dominates the field of
Visoko. The three historical-archaeological layers were
discovered: a fortified settlement from the Bronze Age,
Roman settlements and Medieval fortified city.

River Bosnia

Bobovac
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River Bosnia

Town

Image

Description

Vranduk

The fort Vranduk is an urban center of the settlement.
Situated 310 meters above sea level, which represents the
height of 40 m above the River Bosna. Fort is consisted
of: courtyard, walls with the main entrance, water tanks
and wells, large tower and a small tower for guards.
Simple entrance gate was built as a low arch.

Tešanj

Probably the first fort on this site which existed at the
time of the Illyrians and, probably, was extended by the
Romans and Slavs. The archaeologists have found the
existence of two Medieval phases of construction on the
previous prehistoric ruins and interventions at the time
of the Ottomans.

Maglaj

This fort is constituted of suburb, courtyard and main
tower. According to the historical sources Maglaj for
the first time was mentioned in a charter issued by the
Croatian-Hungarian King Sigismund in 1408 as fortified
city, while in Ottomans documents it was mentioned in
1485.

Kraljeva
Sutjeska

The Royal palace in Kraljeva Sutjeska was built during
the reign of the Kotromanić family in the first half or
the end of the 14th century. With the court has developed
smaller settlement and also built was a Franciscan
monastery with the St. John church.
Independent court facilities in Bobovac are an example
of the royal court built on the free space, without special
fortifications. Stretched along both banks of a small
stream Urve. (4)

Dobor

The fort was built on the route to Modrica town. Dobor
is one of the few examples of defensive architecture
of the late Middle ages, which has preserved the forms
from the time in which it was created, what represents
its cultural and historical value.
Archeological tests have confirmed the existence of the
findings from the previous period. (4)

Volume 7 / Number 4 / 2012

1903

technics technologies education management

River Bosnia

Town

Image

Doboj

Description

Around the town of Doboj is confirmed the continuity
of settlement from the Paleolithic, Neolithic, Bronze and
Iron Age (Belic, 2003, p.4).
The old town of Doboj is composed of the upper and
lower part of the fort.. Over time the fort has undergone
various adaptations. The entire fort is about 3600 m2 in
size. Plato of the upper fort was originally a rocky and
steep, filled in and flattened during the Ottoman period,
when the need arose for bastions and ramparts. (4)

Visoko overview
The town of Visoko was built at the delta of the
river Fojnica into the Bosnia River. Despite its
position Visoko was not developed as a fortress of
strong defensive character, which is evidenced by
the dimensions of the fort.
Today’s town of Visoko was established by Ottomans and during time it has lost contact with the
urban area of medieval fortress, so today we have
two different areas. The existing Master town plan
from 1998 defines the zone of intensive preservation – the city core. But this plan does not include
a medieval fortified town and other localities.
In order to include both parts in intensive preservation future plans should include: fortified town
and its surrounding and old central part of the town
with it key facilities (the Tabačka Mosque, the
Šerafudin Mosque together with the residential,
residential-commercial and commercial buildings
from all historical periods), future plans should be
developed with the contact (buffer) zone that will
be a link for those two separate parts.
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Picture 10. Town of Visoko - touring route proposal
Historical development overview
Fortified town of Visoko was mentioned for the
first time on September 1st 1355 in a charter issued by the Ban Tvrtko. Archaeological research
in the wider territory of Visoko confirmed existence of previous cultures starting with Illyrians
when Desidial tribe which was inhabited the area.
From later periods dates significant findings of
many churches remains (Church of St. Nicholas
in Mili, Arnautovići church which was built in
1203 by Bosnian Ban Kulin), or tombstones at the
site Zgošći near Kakanj. Through this area passed
romans road Salon-Argentaria. In the Middle age
passed an important route that was connecting
Adriatic Sea with Pannonia.
Bosnian rulers of the 14th and 15th centuries often resided in this city. It should be noted that in
the Visoko area were found royal palace and the
Volume 7 / Number 4 / 2012
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house of krstjans, the Franciscan Monastery and
the crowning place of the Bosnian kings in Mile
between 1377 and 1461.
In the suburbs during the 14th century due to
increased trade and craft activities the various permanent and temporary structures were constructed. The marketplaces itself remained free and was
probably filled by buildings from the previous Ottoman rule.
Old part of todays’ Visoko developed during
the Ottoman period, separately from the medieval town-fortress, and its suburbs, represents the
center of today’s Visoko. Urban matrix with small
structures that was developed during that time is
preserved until today.
The main roads within the old town that follows rivers Fojnica and Bosna is the backbone of
the overall development of the local economy. On
the west side of the main road and the river were
formed the residential area with mosques and narrow streets that connect the two main roads on the
east and the west sides.
Between 1878 and 1918, under the AustroHungarian occupation, the town was expanded
and developed especially based on a railway connection. Primary schools, courts and other facilities were built as well. In 1911 Visoko had faced
large fire that disrupt and degraded development
of the town, and after WWII it became an important economic center.
Many multistory buildings of bigger size and
volumes were built, as reflection of the new socioeconomic conditions.
Economy of Visoko was based on leather craft,
later has developed to the industrial production.
According to historical data, it is known that this
craft in Visoko was already highly developed in
the seventeenth century. (5)
Building of the Tabačka Mosque on the banks
of the Fojnica River was evidence of importance
of leather craft. That part of town was called Tabhana, and there were pillars where the leather processing was performed on the water. (5)The pillar
is a major tool for the traditional way of leather
production which was used until the end of the
World War II. After the WWII started leather processing in the factory, so in 1948 was demolished
last Tabak pillar and in 2004 it was reconstructed
as model in the complex of the local museum.
Volume 7 / Number 4 / 2012

Rehabilitation proposal for Visoko
An intensive protection zone should include a
wider area of Visoko in order to take into account
the positive and negative influence factors of economic and industrial facilities development, road
networks and current archaeological research “Visoko Pyramids”.
Todays’ Visoko has a large number of architectural monuments, and they should be connected in
a single system that would revive the former site
of a medieval fortress structure.
Visoko medieval fortress is located on the isolated location in relation to today’s urban core.
This property lost integrity and today is in process
of reconstruction of the fortification elements. In
this sense a guideline for the rehabilitation of this
property should be focused on preserving the fort
and its connection with the core of the town.
Conclusion
Complete analysis and assessment of historical,
regional, urban, architectural, economic and other
aspects of certain sites that exemplify examples
of extraordinary historical periods spreads with a
clear and strong traces of all changes, including
natural heritage provide the ability to define potential integral groups as a hypothetical routes in
the project „Authentic Bosnia and Herzegovina“.
Although the overall approach to preservation
of cultural and natural heritage has become an
international rule based on UNESCO decisions,
that defined values, integrity and authenticity, still
much more needs to be done and offered on the
plan for protection of heritage in Bosnia and Herzegovina.
In order to create the project “Authentic Bosnia
and Herzegovina” it is necessary to establish the
organization at the state or the federal level, which
should take a full responsibility for the implementation of integrated planning processes.
The work emphasizes that the founders should
provide basic financial resources for the functioning of the organization (possible name “Authentic
B&H Agency”). Respectable results in the preservation and development of heritage assets will attract investors, donors and owners. For this reason
it is particularly important to establish a correct re1905
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lationship and partnership between the public and
private sectors in the implementation of projects
required by the adopted plans.
The Agency needs to coordinate all parties involved in the project especially in the areas from
the strategy planning to instructions for intervention on individual buildings and complexes and in
particular the guidelines for the use of the site with
a special emphasis on the tourism development as
a basic economic driver in a function of preservation and further development based on the authentic heritage cultural elements associated with
natural values. (6)
In Bosnia and Herzegovina preservation, development and presentation of heritage could be
organized through the defined hypothetical routes
established on history, nature, sport, cultural manifestations, museums, famous personalities, etc.
Main economic component of this project is
tourism that has a direct link to support the development of urban and cultural heritage. Also those
resources that are not developed to the extent that
would give them greater attractiveness to tourists
and thus sustainability it is necessary to be carefully defined, in order to support the creation of hypothetical routes within Bosnia and Herzegovina.
The development of tourism focuses on enlarging
profits and improves the conditions of preserving
the architectural heritage.
Tourism should support the principles of sustainability through investment in heritage preservation and maintenance of heritage, enhancing
the development of additional service facilities
(accommodation, food services) and supporting
sustainability of crafts, traditions, etc.
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Abstract
The paper describes and explains the computational geometry method that simulates the physical
model of transitional pipeline parts whose cross sections have polygonal form and are made of materials
that cannot be wrinkled or stretched. This geometrical concept is taken from the classical line geometry
and can be directly applied to the creation of computer algorithm that generates the transitional surfaces between two polygons. Mathematical concept
of the solution for this problem is based on approximation of the boundary surface triangulation and is
presented in MATLAB program. Solutions are given in the form of three-dimensional surface models
from which the necessary technical documentation
can quickly be made using standard CAD/CAM
tools thus shortening the time necessary to prepare
the construction and production. In particular, the
paper presents the basic computer graphics theory
of ruled and developable surfaces, the concept of a
geometrical solution for the problem, and the algorithm for generation of transitional surface between
two polygons.
Key words: computational geometry, transitional developable surfaces.
1. Introduction
The zero Gaussian curvature is the basic feature
of developable surfaces, which means that they can
be flattened into a plane without distortion (stretching, compressing or tearing). It is evident and well
known that these surfaces belong to the ruled surfaces group. Developable surfaces are applied in
various branches of engineering and design wherever the construction of a form is based on thinwall materials that cannot be wrinkled or stretched.
However, the proper usage of these surfaces, especially the method for their correct flattening into
a plain, can rarely be seen in CAD/CAM application since the user group of developable surfaces
Volume 7 / Number 4 / 2012

is rather diminutive and exclusive. Often, applications which approximate the surface development
are designed conveniently for specific technical
problems, needs or purposes. Examples of computer graphics problems that require approximate
surfaces development can be found in shipbuilding
(ship hull formed of surface parts that are flattened
into a plain), textile and leather industry (production of shoes with folds at the top), production of
sheet metal parts by stamping, fabrication of large
transitional elements or thin wall materials, pipelines as well as in architecture (roof structure, special design of buildings.), etc. The approximation
of the developable surfaces is usually obtained by a
special computer algorithms based on certain mathematical and geometric techniques.
The problem of surface development represents important and venerable subject of research
in various branches of computational geometry
and computer graphics. Thus, Kai Tang and Charlie C.L. Wang1, describes the method for modeling
developable folds on strip as the common operation in clothing and shoe design. Borrowing the
classical boundary triangulation concept from
descriptive geometry, they describe a computerbased method that automatically generates a specialized boundary triangulation approximation of a
developable surface that interpolates a given strip.
The development is accomplished by geometrical
simulation of the sheet folding process as it would
occur when the strip is rolled from one end to another. William H. Frey2 reviews the properties of
buckled developable surfaces, shows how to approximate buckled binder wrap surfaces by developable three-dimensional triangulations and discuses the insights gained from specific examples.
Martin Peternell 3 investigates the recognition and
reconstruction of some geometrical objects from
a set of points as measurements from a developable surface. In particular, he investigates the set
of estimated tangent planes of the data points and
1907
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shows that classical Laguerre geometry is a useful
tool for recognition, classification and reconstruction of developable surfaces.
He exposes important conclusion indicating
that these surfaces can be generated as envelopes
of a one-parameter tangent plane family. William
H. Frey 4 describes a computer-based method that
generates a boundary triangulation by geometrical
simulation of the sheet bending as it would occur
during closing of the blank-holder in a sheet metal
forming problem. Actually, this author exposes
and explains the automating method for the proper
boundary triangulation, which was previously the
job of a draftsman. Helmut Pottmann and Johannes
Wallner 5 analyze and present the approximation
algorithm for developable surfaces. In principal,
they introduce an appropriate metric in the dual
space and derive linear approximation algorithms
for developable NURBS surfaces, including multiscale approximation. Obradovic and Beljin6 describes geometrical models in three different cases
of transitional developable surfaces: transition
between two polygons, transition between plane
curve and polygon and between two plane curves.
Pengbo Bo and Wenping Wang7 used a geodesic
curve to control the shape of a developable surfaces. They presented an effective method for
modeling a developable surface to simulate paper
bending in interactive and animation applications.
Xu8 made an optimal spherical triangulation.
This paper discloses and explains the geometrical method and algorithmic procedure that simulates the concrete model of transitional pipeline
parts with polygonal cross sections, which are
made of materials that cannot be contracted, elongated or distorted. More explicitly, the basic computer graphics theory of ruled and developable
surfaces is explained, the concept of geometrical
solution for the generation of transitional surface
between two polygons is disclosed, and the algorithm by which this problem can be automatically
solved is described. The solutions are given in the
form of three-dimensional surface models from
which the necessary technical documentation can
be made by standard CAD / CAM tools thus shortening the time necessary to prepare construction
and production.
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2. Geometrical Concept of Transitional
Developable Surface Creation between
Two Polygons
The principle of the creation and construction
of any transitional developable surface between
two non-coplanar polygons can be formulated
as following: the edges of these two polygons
must be connected by a set of surfaces which are
not wrinkled or stretched. In other words, these
surfaces must be made exclusively by folding,
cutting and/or gluing a plane. Creation of transitional developable surface between two polygons depends on whether these polygons satisfy
Desargues’ theorem or not. If these polygons
satisfy Desargues’ theorem, they are perspective
axially and perspective centrally in projective
space which means that two polygons and transitional surface between them form a truncated
pyramid. As is shown in Figure 1, the center of
perspectivity is the apex of this pyramid. If two
polygons are affine, an apex is an infinite point,
which means that the two polygons and the transitional surfaces between them form a prism.
This case is shown in Figure 2. In both cases, it is
evident that the transitional surface is composed
of simple planar quadrilaterals. Moreover, since
these polygons are in perspective or affine position, they have the same number of edges and
vertices, which is equal to the number of lateral
faces (planes of the transitional surface.) If the
polygons are not in perspective or affine position,
they do not satisfy Desargues’ theorem and the
transitional developable surface between them
must be composed of triangles (Figure3).

Figure 1. Perspective projection
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computer graphics applications have not yet solved
this problem in a proper way which would be comprehensive and consistent. Generally, procedures
which approximate the surface development are
designed specifically for particular technical problems, needs or purposes.

Figure 2. Affine projection
a)
b)
Figure 4 a. Transitional surface problem between
two pipes with poligonal cross-sections,
b. Transition by using ruled surface

Figure 3. General case
2.1 Computer graphics approach to the
developable surface creation between
two polygons
Computer application routine which generates
transitional surfaces, such as Blend or Loft Surface, create these transitions by using ruled surfaces. Despite the fact that the above mentioned
procedures can be a useful tool for solving various solid modeling, they are not applicable for the
creation and construction of thin-wall transitional
surfaces (Figure 4a - left, 4b - right). Since surfaces made of thin-wall materials cannot be wrinkled
or stretched, they must be created of transitional
surfaces which are composed of simple planar
quadrilateral or triangular patches.
A transitional surface created correctly between
two pipes with polygonal cross-sections is shown
in Figure 5. This transitional surface comprises planar triangular patches which are created manually
by using boundary lines. Non-automatic process of
transitional surfaces modeling is inefficient, unproductive and impractical. Seemingly contradictory,
Volume 7 / Number 4 / 2012

Figure 5. Transitional surface created correctly
with developable surfaces
3. Algorithm for the Creation of Transitional Developable Surfaces
Let us first consider and analyze the case when
both polygons have the same number of vertices.
The entrance data for the coordinates of polygons
vertices can be represented in matrix notation as
3x1 vectors. These vertices determine the polygon
sides (b1, b2, ... bn) and (c1, c2 ...cn) which are collected in set of matrices Vi in the following form:
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 B1   xB1
B  x
V1 =  2  =  B 2
 C1   xC1
  
C2   xC 2
 B2   x B 2
B  x
V2 =  3  =  B 3
C 2   xC 2
  
C 3   x C 3
 B n −1   x B ( n −1)
B   x
Bn
n 
V n −1 = 
=
C n −1   x C ( n −1)
 

 C n   x C n

y B1
yB 2
yC 1
yC 2

yB2
y B3
yC 2
yC 3

z B1 
z B 2 
;
zC1 

zC 2 

z B2 
z B 3 
;............... (1)
zC 2 

zC 3 

y B ( n −1)
y Bn
y C ( n −1)
yCn

z B ( n −1) 
z B n 
... (2)
z C ( n −1) 

z C n 

inside of the transitional surface, the smaller of the
two possible values of dihedral angle should be
chosen. The value of this angle is determined by
the following formula in Matlab notation:
theta = p i − a cos(dot (n1, n2,2) ............... (3)
The two possible ways to generate the surface
are shown in Figure 7. Application procedure creates two pairs of normals, (n1, n2) and (n3, n4),
which are orthogonal to the corresponding triangular planes and determine the values of the angle
between them in accordance to the next two expressions:
theta1 = p i − a cos(dot (n1, n2,2)............... (4)
theta2 = p i − a cos(dot (n3, n4,2) .............. (5)

The type of planar patch to be used for transitional surface generation by software procedure is
determined by the analysis of polygon side’s mutual
positions. In particular, this task is accomplished by
the co-planarity inspection of the polygon vertices.
As is shown in Figure 6, if those vertices belong to
the same plane, det (Vi)=0, and application generates simple planar quadrilateral patches.
Figure 7. Two possible ways to generate the triangular patches as the function of the dihedral
angle value
Next, the application procedure selects the
smaller value of these two results:
Figure 6. Entrance data
If polygon vertices are not co-planar, det
(Vi)≠0, and software application generates transitional developable surface composed of triangular
pairs. Common edge of that triangular pair is one
of two possible diagonals of 3D quadrilateral defined by one pair of polygons’ sides. The diagonal to be chosen can be determined by the value
of dihedral angle formed by these two triangular
patches. If it is important to ensure maximal flow
1910

m = min(theta1 , theta2 ) ...................... (6)
Planar patches are generated by the application
procedure using two classes of matrices:
Vi – 3 x 4 matrices which collect all polygon’s
vertices (B1, B2, C1, C2), (B2, B3, C2, C3), ...(Bn-1,
Bn, Cn-1, Cn);
F- banding matrices – matrices which band together polygon’s vertices;
F – 4 x 1 matrix by which planar quadrilateral
patch is defined if polygon’s vertices are co-planar;
Volume 7 / Number 4 / 2012
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F1 – 3 x 2 matrix by which one pair of triangular
patches forming the first possible solution is defined
if polygon’s vertices are not in co-planar position;
F2 – 3 x 2 matrix by which one pair of triangular patches forming the second possible solution is
defined if polygon’s vertices are not in co-planar
position.

In the case when polygons have different number of vertices, the application procedure calculates the difference and asks user for assistance. In
particular, the application expects the user input in
the form of vertices’ coordinates of triangle patch
determined by the side of one polygon and the
vertex of another (Figure 10).

 B1 
B 
V =  2  ................................ (7)
 C1 
 
C 2 
F = [1 2 4 3] .......................... (8)
1 4 2
F1 = 
 ............................ (9)
1
4
3


 2 3 4
F2 = 
 ......................... (10)
2 3 1 

Figure 10. Determination of the rest of planar
patches, in the case when polygons have different
number of vertices
4. Discussion of the Results
Immediately after the application has finished
the calculation for every chosen polygon side, it
displays the orthogonal projection of the solution.
As is shown in Figure 11, the creation of every triangular or quadrilateral patch can be monitored,
checked and corrected during the coordinates input.

Figure 8. Quadrilateral patch

Figure 9. Combination of triangular patches
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Figure 11. Combination of triangular patches
After the last coordinate has been entered by
the user, the application creates a 3D view of transitional developable surface and its net, which can
be observed and examined by the rotation, panning and scaling of its display. (Figure 12).

tion of transitional surface between two polygons,
and the algorithm by which this problem can be
implemented and thus automatically solved. The
application procedure analyzes whether the two
polygons satisfy Desargues’ theorem or not. If the
answer is positive, the application generates a transitional surface between the polygons as the composition of simple planar quadrilateral patches. If
two polygons do not satisfy Desargues’ theorem,
the application resolves whether the two polygons
have the same number of vertices or not. If the
number of vertices is equal, the application creates transitional developable surface of triangular
patches. Since this case has two solutions, the application chooses the solution which ensures the
maximal flow rate inside the transitional surface.
And finally, if two polygons do not have the same
number of vertices, the application procedure calculates the difference and asks user for assistance.
Except for transitional pipeline parts whose cross
sections have polygonal form, this procedure can
be applied for modeling transitional developable
surfaces which are made of materials that cannot
be wrinkled or stretched. In particular, this application can be adapted for the ship hull design, roof
constructions, etc.
The procedure is presented in this paper using
MATLAB working environment. The commercial version of this procedure can be designed as
the upgrade tool for some CAD/CAM applications (Blending, Proengineer, Solid Works), or as a
part of new application with its own working environment.

Figure 12. Solution of the problem in 3D
5. Conclusion
This paper describes and explains the computational geometry method that simulates the physical model of transitional pipeline parts whose
cross sections have polygonal form and are made
of materials that cannot be wrinkled or stretched.
In particular, the paper presents the basic computer
graphics theory of ruled and developable surfaces,
the concept of geometrical solution for the genera1912
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Abstract
The purpose of this research is to analyze the
relationship between innovation and internationalization in Chinese companies. 486 companies
from China were surveyed to determine which
types of innovation within Chinese companies are
positively related to Chinese companies’ internationalization. It is proved that both product and
process innovation enhance Chinese companies’
internationalization. What is more, all four types,
product, process, marketing and organizational
innovation are proved to be positively influenced
by internationalization. In addition to this, results
from this research also indicate that internationalization subsequently improves position of Chinese
company on the local, Chinese market.
Key words: innovation, internationalization,
Chinese company, Chinese market
1. Introduction
In recent years, innovation has been a hot topic for academics from all around the world. It is
widely believed that innovation is a factor of crucial importance for economic development and
generally for maintaining competitiveness in today’s business environment that seems to be more
complex than ever before. China, as the second
most developed world economy, especially places
emphasis on innovation that should enable further
growth and sustainability of its economy.
1.1 Innovation
According to McKeown (2008) the term “innovation” means a new way of doing something.
It is important to realize that there is a distinction
made between invention, an idea made manifest,
and innovation, idea that is successfully applied
on the market.
1914

Schumpeter (1934) proposed a list of five types
of innovations: introduction of new products, introduction of new methods of production, opening of
new markets, development of new sources of supply for raw materials or other inputs and creation of
new market structures in an industry. However, the
most common division is to divide innovation into
incremental and radical ones (Afuah, 2003).
Another classification of innovation is offered by
the “Oslo Manual” created by the OECD in 2005.
This manual also offers definitions of each kind of
innovation activity. According to this manual there
are four types of innovation defined: product, process, organizational and marketing innovation. By
definition from the Oslo Manual, all innovations
must contain a degree of novelty, and those are new
to the firm, new to the market and new to the world.
1.2 Innovation in China
Historically, China is considered as an exceptionally innovative country. According to Temple (2007)
more than half of the basic inventions and discoveries people nowadays recognize and use in everyday life come from China. A lot of these inventions
people today take for granted, without knowing that
they actually originated in this Far Eastern country.
In 2011 China introduced the 12th Five-Year
plan for National Economic and Social Development. This plan highlighted innovation as a focus
along with social harmony, environment, macroeconomic balance and governing the market. The
new science and technology plan articulated the
goal of China becoming an “innovation-oriented”
society by the year 2020. According to World
Intellectual Property Office (WIPO) report from
2010, China is also having the highest growth rate
in the world in total patent volume applications.
By 2020, China’s entire investment in research
and development is expected to reach 2.5 percent
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of its GDP, with at least 60 percent of the country’s
development due to the progress of science and
technology.
1.3 Internationalization
Internationalization is generally viewed as a
process of increasing involvement of companies
in international markets. Internationalization can
be broadly defined as “expanding across country
borders into geographic locations that are new to
the firm” (Hitt et al., 1994).
The traditional internationalization theories explain that companies usually internationalize their
business on the basis of certain competitive advantages that they possess and that allow them to
secure enough return to cover the additional costs
and risks associated with operating abroad (Buckley and Ghauri, 1999). Vernon (1966) developed
a product life cycle theory which explains that the
starting point for the internationalization process
is typically an innovation that a company creates
in its home country, which is often an advanced
economy with population that has relatively higher
income levels. Johanson and Vahlne (1977, 1990)
introduced The Uppsala internationalization model
which explains the process where enterprises gradually increase their international involvement.
Most of the traditional motivations and internationalization theories are primarily based on the
research done in the Western countries. One of the
characteristics that most of the Western multinationals share is their domestic markets are relatively small and not sufficient for their business’
operations to be sustainable.
1.4 Internationalization of Chinese companies
In contrast to everything previously explained,
Chinese companies face a very specific situation
when they are internationalizing their businesses
outside of China, since this country has the largest
domestic market in the world.
However, Child and Rodrigues (2005) suggest
that traditional internationalization theories in the
context of China should not be totally replaced, but
rather extended and adjusted to the current situation.
Certain authors claim that Chinese companies
have very little chance to become global players in
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the following decade, since they lack international
experience and with resources and capabilities that
could not match with the ones of strong, well-known
multinational companies from developed countries.
However, in the period from 2002 to 2011, the
value of Chinese companies’ exports rose by 22
percent annually, while during the same period
foreign direct investments rose by 43 percent annually. According to Chinese Ministry of Commerce, their foreign direct investments will probably rise by 15 percent until 2020.
1.5 Relationship between innovation and
internationalization
Both innovation and internationalization are terms
that are recently widely used in the literature, especially in the context of China. A lot of people personally have a strong sense that these two are strongly
interrelated and connected, but on the other hand
relatively few researches were done to analyze the
relationship between innovation and internationalization. What is more, comparatively high number of
researches advises the positive relationship between
these two phenomena, but it is not always the case.
Research done by Lachenmaier and Wöβmann
(2006) shows that innovation is a driving force
for German companies’ export. Vila and Kuster
(2007) also analyzed the importance of innovation
for companies involved in internationalization, and
their research showed that internationalization is
dependent on strategy innovation and process innovation. However, internationalization is not dependent on product and market innovation. Lee et al.
(2010) analyzed three types of innovation (product,
process and organizational innovation) in the context of internationalization. They found out that Korean service firms’ international expansion is significantly and positively associated with their product
innovation and organizational innovation, but not
to the process innovation. Cassiman and Golovko
(2011) also concluded that successful product innovation leads to the decision of small and medium
enterprises to enter the export market. The use of
selected innovation concepts in Slovenian manufacturing companies can be seen in research study
done by Palcic et al. (2010). Also some studies using simulation technique are available (Reddy and
Rao, 2011; Tan and Takakuwa, 2011).
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On the other side, research done by Wakelin
(1998) shows a negative relationship between
innovation and internationalization. The results
of this study clearly showed that non-innovative
firms are found to be more likely to export than innovative firms of the same size. Li and Yin (2010)
analyzed the relationship between exports and
productivity of Chinese companies. They actually
found out that non-export Chinese companies are
more productive than the ones having some sort
of export activities. At the same time they found
out that export is negatively related to productivity, which means that if the company had lower
export, their productivity was higher.
2. Research method
Traditionally, patents and innovation surveys
are two most important ways to measure innovation. Archibugi and Piant (1996) argued that as a
measure of innovation patent applications also have
numerous disadvantages, since data about patent
application is not absolutely relevant in the context
of innovation. In contrary to this, innovation survey
is a method that can acquire more specific information and details on innovative activities.
Taking into account all the specifications of
this research, a questionnaire was developed and
data collected directly from Chinese companies.
Questionnaire (both in English and Chinese) was
designed and structured in order to achieve the internal validity and reliability of the collected data.
The term “innovation” used for the purpose of this
research is the one according to the “Oslo Manual”
created by the OECD.
Received data were processed using SPSS tools
Pearson chi-square test in order to uncover if there
are significant similarities and differences among
respondents for non-internationalized and internationalized innovative Chinese-owned companies.
Selected companies were mainly based in Shanghai, Zhejiang, and Jiangsu provinces, as well as
several from other provinces around China.
Questionnaires were handed out to MBA and
EMBA students at Donghua University’s Glorious
Sun School of Business and Management during
the period from December 2011 to February 2012.
During the same period of time, internet-mediated
questionnaires were distributed via the internal
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data base of two organizations: China Council for
the Promotion of International Trade (Shanghai
Pudong Sub-council), and Shanghai Association
of Export Commodities Enterprises.
The total number of participants in this research
is 486, where 276 companies belong to manufacturing sector and 210 are service companies.
Construct validity of the questionnaire for
measuring innovation was confirmed by principal
components analysis. The first component comprises 50.174% of overall variances, which indicates that the homogeneity of the subscales, and
that there is one object of measurement. All the
items have high component loadings confirming
that they have unique object of measuring and that
this is the scale of innovation. Reliability of the
scale was high (Cronbach’s alpha=0.869)
3. Results
In order to deeply analyze the data in the context of this research, the sample is divided into
2 groups: Chinese companies that are operating
solely on the domestic market and Chinese companies with internationalization.
3.1 Innovation indicators in Chinese
companies
The first part of research results belongs to innovation indicators in selected Chinese-owned
companies that create the survey sample.
The first statistically significant observed difference was in the way respondents from two
groups of Chinese-owned companies marked
the innovation in their companies. While 63.4%
of the respondents from Chinese companies that
have some international activities agree that their
companies have always been innovative, 50% of
respondents from Chinese companies that didn’t
have any internationalization believe the same.
There is also a significant difference of how respondents who belong to Chinese companies from
two groups mark their organizational structure
in the context of innovation (χ2 = 14.773, df = 4,
p≤0.05). 33.3% of respondents from Chinese companies that don’t have internationalization disagree
with the point that their companies have organizational structure that supports innovation and just
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28.8% of them agree about this. On the other hand,
41.7% of respondents from Chinese companies that
have internationalization agree that their organizational structure supports innovation.
Another statistically significant difference is how
respondents from these two groups of companies
rank their company’s cooperation with certain scientific and educational institutions (χ2 = 17.357, df =
4, p<0.05). While 53.1% respondents from Chinese
companies without internationalization claim that
their companies do not cooperate with any scientific and educational institution, only 32.4% of the
respondents from Chinese companies with internationalization agree about the same question. On
the other side, 46% of respondents from companies
with internationalization agree that their companies
do have certain cooperation with scientific and education institutions in China and/or abroad.
Contribution of the R&D department to innovation is also something that distinguishes Chinese
companies with and without internationalization
(χ2 = 13.779, df = 4, p<0.01). 25% of the respondents from Chinese companies that operate solely
on domestic market claim that the contribution of
R&D department for innovation in their companies
is very limited, and only 56.7% of them evaluate
this contribution as partly intensive or intensive. On
the other hand, 78.4% of respondents from Chinese
companies with internationalization evaluate this
contribution as intensive and only 10.7% of them
evaluate this cooperation as limited.
At the same time, 70.9% of respondents who
belong to Chinese companies with internationalization also agree that being different from their
local competitors was very important when doing
business abroad.
In the following part of research, respondents
were asked to evaluate the degree of four types of innovation in their companies. Chi-square test results
showed that there were no significant differences
between marketing and organizational innovation
between Chinese companies without and Chinese
companies with internationalization. On the other
side, when talking about product innovation, difference between two groups of companies is significant
(χ2 = 18.986, df = 4, p≤0.001). 28.3% of respondents
from Chinese companies without internationalization ranked product innovation in their companies
as limited, while only 12.3% of respondents from
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Chinese companies with internationalization did the
same. This simply means that comparatively large
portion of Chinese companies without internationalization have very limited product innovation, while
68.7% of Chinese companies with internationalization have intensive product innovation.
At the same time, there were significant differences in evaluation of process innovation between two
groups of respondents (χ2 = 19.186, df = 4, p≤0.001).
16.7% of respondents from Chinese companies
which have business only in China evaluate process
innovation in their companies as very limited in comparison to only 3.7% of respondents from Chinese
companies with internationalization who also evaluate process innovation in their companies as very
limited. At the same time, only 40% of respondents
from Chinese companies evaluate process innovation in their company as intensive, in comparison to
59.3% of respondents from Chinese companies with
internationalization who believe that process innovation in their companies is intensive.
Table 1. Results of Pearson chi-square tests for 4
types of innovation
Product innovation

Process innovation

Marketing innovation
Organizational
innovation

Chi-square
Df
Sig.
Chi-square
Df
Sig.
Chi-square
Df
Sig.
Chi-square
Df
Sig.

18.986
4
.001*
19.186
4
.001*
2.271
4
.686
2.670
4
.614

3.2 Internationalization models and reasons
for internationalization of Chinese
companies
When it comes to internationalization models
that they use at present, results from this survey
showed us that 49% of Chinese companies with internationalization mostly use direct export as their
model of internationalization, followed by subsidiaries outside of China (24% of respondents),
export through the agent (23.7% of respondents),
representative offices (17% of respondents) and
joint-ventures (13.7% of respondents).
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According to 73.3% of respondents of this survey who belong to internationalized Chinese-owned
companies, the main reason of internationalization
for their companies is to access new markets, and to
spread their business outside of China. Other reasons
go in favor with specific models of Chinese companies’ internationalization. Second and third most important reasons for internationalization is to acquire
advanced technologies and management skills (35%
of respondents) and to exceed the strong domestic
competition (34%). 31% of respondents believe that
Chinese companies internationalize their business
in order to improve their position on the Chinese
market, which is something very specific and different in comparison to companies from some other
countries. As it was also expected, comparatively
smaller number of respondents (18%) believe that
their companies internationalized their business in
order to reduce their manufacturing costs.
3.3 Positive influence of internationalization
to innovation in Chinese companies
After the detailed explanation of main innovation indicators, reasons for internationalization
and currently used internationalization models,
part of the results from this research show a positive influence of internationalization on innovation in Chinese companies.
Positive influence of internationalization is
proved by 60.5% of respondents who work for Chinese internationalized companies who agreed that
by doing business outside of China their companies
have improved their innovation capabilities and
66.2% of them agree that internationalization directly helped them to improve their products’ quality.
Table 2. Internationalization and four types of
innovation
Type of innovation
Product innovation
Process innovation
Marketing innovation
Organization innovation

Percentage %
69.3
66.5
63.4
56.8

Table 2 presents the percentage of respondents
who agree that the degree of the following 4 types
of innovation is more intensive in comparison to
the situation before their companies start with doing business overseas.
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Generally speaking, large percentages of respondents from Chinese companies with internationalization agree that all four types of innovation
in their companies are more intensive than before
they started doing business overseas.
3.4 Internationalization and position of Chinese company on local, Chinese market
In addition to everything previously mentioned
the following Table 3 shows that internationalization subsequently improves position of Chinese
companies on the local, Chinese market. All the parameters that measured this phenomenon were positively marked by high percentage of respondents.
Table 3. Internationalization and position of
Chinese company on the local market
Percentage %
The fact that we do business
overseas enabled us to win more
trust among the local customers.
Now we have more domestic
customers than before we started
international business.
Since we internationalized our
business, our local sales are also
higher than before.
Internationalization is our long
term goal for the future.
The fact we are now doing
business outside of China helped
us improve our company’s brand
on the local, Chinese market.
Knowledge that we gain from
foreign markets helps us improve
our market position in China

67.3
54.6
47.4
78.9
71.3

80.3

4. Conclusion
Results from this research showed that there is
a positive relationship between innovation and internationalization in Chinese companies. It is possible to say that respondents from Chinese-owned
international companies generally rank most of innovation indicators higher than respondents from
non-internationalized Chinese companies. Larger
number of respondents who belong to the first
group of companies believe that their companies
were innovative since the company was formed,
more of them also agree that their organizations
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put innovation as one of their strategic goals and
that their organizational structure supports innovation, more of their companies do cooperate with
scientific and educational institutions and at the
end more of them mark the contribution of the
R&D department to innovation as intensive.
Internationalized Chinese companies that belong
to the sample also evaluated degree of their product
and process innovation before internationalization
as more intensive in comparison to solely domestic
Chinese companies. At the same time respondents
from these companies also agree that being different from their local competitors was very important
when doing business outside of China.
On the other hand, large percentages of respondents from Chinese companies with internationalization agree that, by doing business outside of China, their companies have improved their innovation
capabilities and that internationalization directly
helped them to improve their products’ quality.
In addition to this, all four types of innovation
in Chinese-owned internationalized companies
are proved to be more intensive now than before
they started doing business overseas.
What is more, large percentage of respondents
from internationalized Chinese-owned companies
that belong to the sample also marked high all the
parameters which prove that internationalization
eventually helped Chinese companies to achieve
better position on the local market.
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