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Testing of cracking
susceptibility of high strength
micro-alloyed steel

Ispitivanje sklonosti mikrolegiranih čelika
visoke čvrstoće na nastanak prslina
Nikola Bajic1, Marko Rakin2, Dzafer Kudumovic3, Zoran Radosavljevic3, Srđan Bajic4,
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2
3
3
4

IHIS Research and Development Center, Belgrade, Serbia,
Faculty of Mechanical Engineering, Belgrade, Serbia,
Faculty of Mechanical Engineering, University of Tuzla, Bosnia and Herzegovina,
Energo-sistem d.o.o. Novi Sad, Serbia,
ABS Minel transformatori, Belgrade, Serbia.

Abstract
A new generation of high strength micro-alloyed
steel obtained by thermo mechanical processing at
U.S. Steel Serbia has improved weldability compared to the previous generation of these steels intended for production of tanks and constructions. In
this paper, for defining of weldability, shown are the
results of aptitude tests of microalloyed steel class
Nb/V of cold and hot cracking. In the paper shown
are tests conducted to determine the sensitivity of
the occurrence of hot crystalline cracking using the
FISCO test, and testing of sensitivity to the occurrence of cold cracking using the method of Controlled Thermal Severity (CTS-test) and Tekken
method. Experimental welding with the E process
was carried out with different qualities of additional
materials and different welding parameters.
The presence of cracks, their shape and their
location in the zone of welded joints was examined using metallographic analysis of the structure
of the samples cut from the welded joints. Given
are the results of metallographic analysis of the
structure on the optical and SEM microscope of
the base material, HAZ and weld metal of welded
joints. Based on the results of the evaluation graded was the weldability of the new micro-alloyed
higher-strength steel.
Key words: microalloyed steel, hot and cold
cracking, FISCO test, CTS method, Tekken method
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Sažetak
Nova generacija mikrolegiranih čelika visoke
čvrstoće dobijena termomehaničkom preradom
u U.S. Steel Serbia poseduje poboljšanu zavarljivost u odnosu na prethodnu generaciju ovih čelika
namenjenih za izradu rezervoara i konstrukcija.
U ovom radu su, u cilju definisanja zavarljivosti,
prikazani rezultati ispitivanja sklonosti mikrolegiranih čelika klase Nb/V na nastanak toplih i hladnih prslina. U radu je izvedeno određivanje osetljivosti prema pojavi toplih kristalizacionih prslina
primenom Fisko probe, a ispitivanje osetljivost
na pojavu hladnih prslina primenom metode kontrolisane termičke strogosti (CTS-proba) i Tekken
metoda. Izvedeno je eksperimentalno zavarivanje tehnoloških proba E-postupkom sa različitim
kvalitetima dodatnog materijala i različitim
parametrima zavarivanja.
Prisustvo prslina njihov oblik i lokacija u zoni
zavarenih spojeva je ispitana metalografskom
analizom strukture uzoraka isečenih iz zavarenih
spojeva tehnoloških proba. Dati su rezultati metalografske analize strukture na optičkom i SEM
mikroskopu osnovnog materijala, ZUTA i metala šava zavarenih spojeva. Na osnovu dobijenih
rezultata ispitivanja data je ocena zavarljivosti
novih mikrolegiranih čelika povišene čvrstoće.
Ključne reči: mikrolegirani čelik, tople i hladne
prsline, Fisko proba, CTS metoda, Tekken metoda
3
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1. Introduction
The term weldability comprises all requirements
related to welded-joint quality, as well as conditions
under which it is possible to attain the designed
quality of both welded joints and the whole construction. It depends almost equally on the base and
the added material, welding process conditions, and
the construction design quality. The base material of
all factors that influence the weldability is, however,
crucial. To assess the weldability of a material, different methods, analytical and experimental ones,
have been used. Adopted and confirmed in practice methods for examination of microalloyed steel
weldability are defined by JUS.C.T3.102 standard.
The standard defines the methods for evaluating the
material sensitivity and susceptibility to hot and cold
cracking, lamellar tearing, cracking due to reheating,
and ductile-to-brittle transition temperature [1-3].
Hot cracks occur in the weld metal and HAZ at
solidus temperature or slightly below. Depending
on the conditions of their occurrence, hot cracks
are divided into crystalline and subsolidus. Characteristics of hot cracks are that they occur along
the crystal boundaries and breakage usually occurs
along grain boundaries. Cracks in weld metal can
be oriented parallel, transverse and combined with
respect to the weld metal axis, and can be hidden
inside the weld metal or show up on the surface.
Weld metal resistance against the occurrence
of hot cracking depends on several related factors which are significant, the character of crystallization, the type and concentration of alloying
elements and the general geometry of the welded
joint. In practice, resistance of weld metal to the occurrence of hot cracking is determined by various
technology trials, based on one or more of the listed
parameters, and as most appropriate proposed is the
Fisco test. [1-3]
The chemical composition of weld metal significantly affects the composition of structural
components, and thus the stability against occurrence of crystalline cracks. Studies show that in
higher-strength steel elements (Cr, Mn, Mo, V, Zr,
Ti, Al) whose presence up to a certain percentage
increase in the weld metal the resistance of forming crystalline cracks, while at the same time the
elements S, P, Si, Ni, and H reduce resistance to
formation of crystalline cracks.
4

Resistance of weld metal to formation of crystalline cracks can be increased by changing the
direction of growth of primary crystals and fragmentation of the primary structure of weld metal.
By reducing the amount of heat input in welding,
increasing of the rate of crystallization is achieved,
which contributes to the fragmentation of the primary structure of the weld metal. It turned out that
in welding of micro-alloyed steels of high and increased strength the elements P, S and C have a
damaging effect on sensitivity to hot cracking occurrence.
Cold cracks are defects that occur in the weld
metal and HAZ after welding, when the temperature in the welded joint zone drops below 200oC.
Cold cracks contrary to the hot ones are less
branched and open. They will occur in the welded
joint zone (weld metal and HAZ) if the microstructure of the weld metal and HAZ is sensitive
to hydrogen, if there is a minimal content of diffusible hydrogen in the welded joint (originating
mostly from the weld metal), and if the stress from
shrinkage acts in the welded joint zone. Hydrogen
is a key factor of cold cracking and the sources of
weld metal hydrogen are electrode coating, moisture in atmosphere, impurities in the gasses of the
protective atmosphere and on base metal surfaces
to be welded [1-10]. Distribution and solubility of
hydrogen in the weld metal depends on the amount
and type of inclusions, micropores, dislocations,
macropores, and cooling rate. During cooling and
(γ→α) transformation in the weld metal, a large
amount of hydrogen diffuses from the weld metal
into the HAZ, because the transformation in the
weld metal is completed and the solubility of hydrogen rapidly decreased. At higher temperatures,
hydrogen in the welded joint zone is in dissociated
state, while at a temperature below 200oC its transition from dissociated into molecular state can
take place at certain free surfaces accompanied by
high pressures, which cause considerable streeses even higher than the ultimate tensile strength,
which leads to the formation of microcracks [1-9].
In the welding thermal cycle, the base metal in
the HAZ austenizes, and during cooling the formed
austenite transforms into one of the characteristic
structures, depending on the course of the transformation. Which structural phase will be dominant depends on the composition of the base and the weld
Volume 6 / Number 1 / 2011
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metal, as well as welding conditions (heat input and
workpiece thickness). Besides the structure, austenite grain size, degree of welded structure homogeneity, segregations at grain boundaries, amount and
characteristics of non-metallic inclusions, etc. also
influence the process of cold crack formation [1-3].
Stresses are the third important factor (besides
microstructure and hydrogen) for occurrence of
cold cracking. Depending on their origin, they can
be divided into direct, indirect and external ones.
Direct stresses acting in the immediate vicinity of
welded joint are the result of uneven temperature
distribution and present structural deformations.
Indirect stresses arise from outside stiffening.
External stresses occur during construction elements welding and are caused by the weight of
elements being welded and the elasticity of bonds
between the elements [1-10].
The susceptibility of steels to cold cracking can
be tested by direct and indirect methods. Direct
methods for evaluation of steel susceptibility to
cold cracking are the Tekken, Lehigh, CTS, Implant
method, etc. Indirect methods enable evaluation of
steel susceptibility to cold cracking by simulation
of the welding cycle, e.g. using a Thermorestor,
Gleble simulator [2].
If the criterion for evaluating the material susceptibility to cold cracking is qualitative, then
the presence or absence of a crack is determined.
The criterion is quantitative if some of the important variables, such as minimal stresses at which
cracks are formed, relative crack depth, and crack
length, can be numerically expressed [1,2].
Calculation methods for steel susceptibility to
cold cracking evaluation are mainly related to the
determination of carbon equivalent Ceq, tensile
stress after welding, expected maximal hardness in
the HAZ (which can be calculated from the steel

chemical composition according to Tekken, Ito,
Bessyo, Bosqueta, etc.), as well as parametric equations of the International Institute of Welding (IIW).
For base metal weldability study, it is necessary to carry out experimental welding of specimens following chosen energy parameters and
adequate methods for this type of investigation,
examine the test specimens of welded joints, and
then according to the obtained results and theoretical knowledge define the achieved level of steel
quality related to weldability [1-10].
According to literature sources [1-7] and practical experience [8-10] for experimentally determining the susceptibility of steel to hot cracking
occurrence the FISCO method was chosen, and
for testing sensitivity to cold cracking occurrence
selected are: the CTS-method and Tekken method.
2.  Experimental welding
The Nb/V microalloyed steel strips processed
via thermomechanical controlled rolling in
U.S.Steel Serbia-Smederevo were used for experimental runs and welded joints study.
Welding of test specimens as required by the
FISCO, Tekken and CTS method for testing the
microalloyed steel susceptibility to hot and cold
cracking was performed by E procedure.
2.1. Base metal selection
Specimens of hot rolled strips of Nb/V class
X65 (label by API-5L standard) microalloyed
steels were used in experiments. Selected microalloyed steel class, grade, and chemical composition
are given in Table 1.

Table 1. Chemical composition of microalloyed steels of Nb/V(API-5L ) class
Steel
Class
X65

•

Chemical elements (%)

t,
mm

C

Si

Mn

P

S

Al

Cu

Nb

V

*Cq

A

9,5

0,066

0,179

1,440

0,013

0,006

0,031

0,068

0,039

0,066

0,3238

B

11

0,067

0,201

1,490

0,013

0,007

0,028

0,080

0,039

0,065

0,3337

C

14,5

0,076

0,231

1,511

0,013

0,004

0,019

0,034

0,037

0,067

0,3435

Carbon Equivalent : Ceqv = C +
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Mn
6

+

Cr + Mo +V
5

+

Cu
15
5
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The chosen group of microalloyed steels of
class Nb/V and grades A (X65; 9.5 mm- thick), B
(X65; 11 mm- thick) and C (X65; 14.5 mm- thick)
are almost of the same chemical composition, but
the strip thicknesses are different (t, in table 1).
In table 2 are given the results of testing the
mechanical properties of steel strip samples.
Table 2. Mechanical properties of micro alloyed
steel X65
Steel
Class
X65

Steel
grade

t,
mm

Re,
MPa

Rm,
MPa

A%

A

9,5

532

620

35

B

11

538

636

36

C

14,5

456

568

44

The microstructure of the base metal of Class
Nb/V (A,B,C) microalloyed steels observed by a
light optical microscope is of ferrite–pearlite type,
Figs 1 (a,b,c).
SEM microphotographs of the base metal grade
B shows the ferrite–pearlite, Figure 1d.

Figure 1(a,b,c,d). Microstructure of Nb/V microalloyed steel: a) A (t = 9.5 mm), b) B (t = 11 mm),
c) C (t = 14.5 mm) and d) SEM microstructure of
the base metal class B
2.2. Weld metal selection
According to plan and schedule, the E-process
was selected for welding of experimental samples.
For the welding of experimental samples by Eprocess, Table 3, two types of coated electrodes
(metallurgical quality) were used:
ELE 53 B Ni (code: N1), manufactured by Elvaco-Bijeljina, alloyed with Ni, has basic coating;
PIVA 255 B Mo Ni (code: NM2), manufacturer
– FEP-Pluzine, alloyed with Ni and Mo.
3.  Testing sensitivity to occurrence of hot
and cold cracking
The technology for welding of new microalloyed higher-strength steel should provide a
welded joint of required mechanical-technological properties, without errors such as hot and cold
cracking, pores and inlays.
3.1. Testing sensitivity to the occurrence of
hot cracking
When considering the mechanism of occurrence of hot cracking it was observed that they
are formed under the influence of various factors,
whose joint effect is very complex. At the same
time examining all the factors is impossible, so
there is no universal method for easily determining the tendency of steel or welded joints to the
occurrence of hot cracking.

6
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Table 3. Electrode types and weld-metal characteristics taken from the catalogue
Code

Ø
mm

Chemical elements %
(in pure weld metal)
C

Mechanical characteristics
(of pure weld metal )

Si

Mn

Ni

Mo

Re,
(N/mm2)

Rm,
(N/mm2)

A5 ,
%

KV(J)
(-40oC)

NM2

4.0

0.08 0.5

0.95

2.50

0.35

550 - 640

650 - 750

22 - 26

60 - 90

N1

3.25

0.06 0.5

0.90

1.10

--

> 460

570 - 650

>22

> 47

Due to that fact, to date many methods have been
developed that examine certain influences, and,
therefore, significantly differ in effectiveness. As
cracking may occur in the weld metal and the HAZ
as longitudinal and transversal, the methods are customized for determination of certain types of errors,
taking into account the mechanism of their creation.
Investigation of the sensitivity of class Nb / V
steel on the occurrence of hot cracking was carried out using the “FISCO” (Fissures de cordons)
method. For performing the testing a special tool
was made to which, before welding the steel test
plates of certain dimensions are fastened. The tool
(Figure 2a) consists of a “U” profile shaped casing, made of steel of increased strength. Inside the
casing there is a massive plate with a jagged and
opened top surface, on which the test plates of steel
of increased strength are mounted. The test plate
lies in the groove of the tool and can be moved.
In the middle of the jagged surface is a stop canal,
which determines the gap between the plates (0 to 6
mm). The groove shapes can vary according to the
strictness of the study, and in the same groove the
strictness depends on the size of the gap.
Conditions of weld deformation by the FISCO
method depend on the type of preparation of the
pieces that are welded, width of the gap, welding regime and the type of additional material.
The test consists of two sheets, dimensions: 200 x
100 mm, which are positioned head to head of the
longer sides and placed into the tool and fastened
with screws, as shown in Figure 2b.
Welding of test plates fastened to the tool is
done in one direction with three separate weld
metals length of 40 to 50 mm. Due to the metallurgical and metal influences, the beginnings and
endings of the weld are most likely cracking initiation sites. After welding and cooling, welded
sample is removed from the tool, and left for a few
Volume 6 / Number 1 / 2011

days, followed by bending and breaking along the
weld metal, and then measuring of the length of
the cracking. The criteria of resistance to cracking
is the percentage of the length of cracks in the total
length of the weld metal. The results are shown
in the diagram where on the abscissa displayed is
the gap between sheets in mm, and on the ordinate
the percentage of participation of the length of the
cracking in the total length of the weld metal.

Figure 2(a,b). Appearance of tools for fixing of
plates during welding and testing according to
the “FISCO” method
7
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Sample markings, types of additional material,
plate gaps and welding parameters for testing of
cracking in hot condition using the FISCO method
are given in Table 4.
During testing of sensitivity of the base metal
on the occurrence of hot cracking examined was
the influence of the type of additional material,
technological parameters, regimes and procedures
of welding (current intensity, electrode diameter,
sheet thickness, groove shape).
The results show that hot cracking are not typical errors in welding of the mentioned steel and
can occur as a result of inadequate additional material or adverse structural and technological parameters of welding.
3.2  Testing sensitivity to the occurrence of
cold cracking
The most important indicator of weldability of
steel represents a tendency towards the cold cracking occurrence. Resistance of micro-alloyed steel
of increased strength to the occurrence of cold
cracking was observed using several parameters
that are important for this indicator of weldability.
For testing the steel susceptibility to cold cracking two methods were chosen, CTS and the Tekken
method.

a. CTS method
Controlled Thermal Severity Test - CTS Test
[1,3] for steel cracking investigation is based on
the principle of the fillet joint. The test serves for
a selection of optimum welding parameters and as
a test of quality of the base material. CTS test for
steel susceptible to cold cracking gives real parameters of thermal welding conditions. For testing steel plates, 9.5, 11 and 14.5 mm thick, test
samples were cut and prepared for testing, Fig. 3.
Auxiliary multiple-pass welds were made on both
sides. After cooling and the screw tightening, two
test welds 75 mm in length were made. The photo
of the test weld is given in Fig. 3(b).
Due to differences in heat flow paths, the cooling rate in the heat-affected zone of trithermal test
welds is 1.5 times higher than in the bithermal one.
After welding a, minimum of 48 h, the test welds
were cross-sectioned through the heat-affected
zone and subjected to metallographic study.
Two of each test welds (bithermal and trithermal) were cut for metallographic investigation.
The absence of cracks in macrographs of welded joints of Nb/V (A, B, C) steel confirm this steels
resistance to cold cracking
The view of macrographs of bithermal and trithermal joints with two levels of heat input (E1 =
24 KJ/cm, E2 = 6 KJ/cm) can be seen in Figure 4
(a, b).

Table 4. Samples welding parameters for testing using the FISCO method
Base
metal

t,
mm

9,5

X65

11,5

14,5

8

Additional
material

N1

N1

N1

Sample
marking

Plate gap
(mm)

1-1

Welding Parameters
U
(V)

I
(A)

u
(cm/min)

3,5

22

120

17

1-2

3

22

120

17

1-3

2,5

22

120

17

2-1

3,5

22

120

15

2-2

3

22

120

15

2-3

2,5

22

120

15

3-1

3,5

22

120

11

3-2

3

22

120

11

3-3

2,5

22

120

11
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Figure 3(a,b). Controlled thermal severity test - CTS Test (a) configuration of welds (D1, D2 – bithermal test welds; T1, T2 – trithermal test welds), (b) photograph of the CTS test weld.
On the optical microscope all samples cut from
the technological test with bithermal and trithermal weld metals were examined. It was concluded
that in either case presence of cracks were not
found. In figures 5 (a, b, c) shown are some typical structures of the bithermal control test sample,
and in the figures 6 (d, e, f) some typical structures
of the trithermal control test sample.

Figure 4 (a, b). Macrographs of cross sections
of CTS test specimens of Nb/V steel welded by E
process with NN2 electrode, a) welding energy
E1 = 24 KJ/cm, b) welding energy E2 = 6 KJ/cm
Volume 6 / Number 1 / 2011

Figure 5(a,b). Typical microstructure bithermal
weld metal of CTS tests
9
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Figure 7. Schematic presentation of Tekken test
specimen
From each welded specimen five-test welds
were cut for macro- and microstructure characterization, and reliable identification of the location
and shape of cracks. Fig 8 (a,b,c).

Figure 6(a,b). Typical microstructure trithermal
weld metal of CTS tests
Based on CTS-test results obtained on welded
joints of Nb/V steel of A, B and C quality, it can
be concluded that this type of steel is resistant to
cold cracking if the heat input is in the range of
6-10 KJ/cm.
b. The Tekken method
The obtained results by controlled thermal
severity tests (CTS– test) performed on microalloyed steels revealed their resistance to cold
cracking. To verify the CTS results, more severe
Tekken procedure (Y-test) for steel susceptibility
to cold cracking was carried out [1,3].
Welding of specimens was prepared and performed (according to the Tekken method), Fig. 7.
The specimens of Nb/V steel of (A, B and C)
quality with added material N1 at heat input Q =
6 KJ/cm, Fig. 7

10

Figure 8(a,b,c). Test results (a,b,c) for Nb/V
steels, grade A -thickness, t1=9.5 mm, B- t2=11
mm, C- t3=14 mm) according to the appearance
of cold cracks applying the Tekken method.
In figures 9 (a, b) shown are some typical structures of the HAZ of Tekken tests
The microstructure of the final pass weld metal
on Nb/V steel of A, B and C grade, made by Ewelding process with Nl and NM1 added materials (at two heat input levels) was viewed with a
light optical microscope. The presence of different
ferrite morphological forms, acicular ferrite (AF),
ferrite with secondary phase (FS) and Widmanstatten ferrite (WF) being dominant, is observed
in the weld metal of all welded joints.
Volume 6 / Number 1 / 2011
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Figure 9 (a,b). Microstructure of weld metal and
the HAZ of Tekken tests
The microstructure of the weld metal made by
N1 electrode on Nb/V(B) steel at low heat input
is composed of acicular ferrite (AF) (~ 60-75%),
remained proeutectoid (PF) and secondary ferrite
(FS) segregated at grain boundaries, Fig. 10. The
microstructure of the final pass weld metal made
by using NM1 electrode for welding Nb/V (B)
steel at low heat input consists of AF (~ 75%) and
PF+FS present at the grain boundaries.
The weld metal structure obtained at higher
heat input, while other characteristics are the
same, consists of decreased volume fraction of AF
(~ 70%) on account of increased volume fraction
of PF and to a less degree of FS.
Examination of the HAZ microstructure of
joints welded at two heat inputs (El=6 KJ/cm and
E2=21 KJ/cm) by optical and scanning electron
microscopy (SEM) revealed more fine-grained
structure when low heat input was applied, in the
normalized and overheated zone. This is an important factor, which also has to be taken into account in designing the process and selecting optimal regime of welding of the given steels.

Figure 10. Microstructure of the final pass weld
metal of welded joint of Nb/V (B) steel made by
E-process
On the SEM microphotographs, Figure 11
shows the appearance of weld metal microstructure consisting of ~ 70% AF while the rest are PF
+ FS, and in Figure 11 (a,b) shown is the appearance of the microstructure of the weld metal (a) at
the fusion line (b).

Figure 11(a,b). SEM microstructure of: (a) weld
metal, (b) fusion line
Volume 6 / Number 1 / 2011
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4. Conclusion
By developing and wining the production of the
new generation of microalloyed steels with lower
carbon equivalent (Ceq), one of the greatest risks
and that is occurrence of cracks, which affect the
welded joint safety and reliability, has been eliminated. It does not mean, however, that all the problems related to weldability can be solved only by
proper selection and application of the new generation of microalloyed steels, but it is important
to connect the weldability with the final material
structure, which defines mechanical-technological
properties of the welded joint. Designed chemical
composition and applied technological procedure
for the production of microalloyed steels, and then
their thermomechanical processing ensure their satisfactory purity and homogeneity and, therefore,
designed mechanical-technological properties.
Based on the analysis of the results of sensitivity of higher-strength steel to cracking occurrence
it can be concluded that:
1. The derived results of experimental investigation of sensitivity to the occurrence of
hot cracking using the FISCO tests show
that the new microalloyed steels class Nb/V
(marked X65) of different strip thickness
produced in US Steel Serbia do not show a
tendency towards hot cracking occurrence.
2. The test results obtained by controlled thermal
severity (CTS-test) and the Tekken method
for testing microalloyed steel susceptibility
to cold cracking, welding performed by E
process, reveal: that new microalloyed steels,
class Nb/V (grade: X65), are not prone to cold
cracking, if the heat input is in the defined
range of 6-10 KJ/cm;
Obtained test results confirm that new developed
Nb/V class microalloyed steels belong to a group
of weldable low alloy steels used for welding construction elements by classical welding procedure.
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Intraumbilical injection of
oxytocin in treatment of
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experience
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Abstract
Introduction: Retained placenta (placenta
retenta) is obstetrical complication with an incidence of 0.2-0.5%. Retained placental tissue or
blood clots are etiologic factors of postpartum
hemorrhage.
Aims: Evaluation of the effects of intraumbilical injection of oxytocin (modified Mojon – Gabastou methods) in a treatment of retained placenta.
Materials and methods: This prospective,
randomized, double blinded clinical study was
conducted at the Department of Obstetrics Gynecology, Clinical Centre University of Sarajevo
over a period February to December 2010. Our
study included 60 women with retained placenta.
The women were divided into two groups: group
A (n=47) who were administered 20 UI of Syntocinon in 20 ml 0.9% NaCl saline intraumbilicaly
into the vein (IUV) and group B (n=13) who received intravenously 0.2 mg of metilergometrin
with umbilical cord drainage and the Brandt-Andrews maneuver for placental expulsion.
Results: In group A, placenta expulsion within
60 min of IUV injection of oxytocin occurred in
38 (80.9%) women. The mean duration time of the
placental expulsion after oxytocin injection was
9.8±1.23 (mean ± SD) min. In group B, placental
expulsion was recorded in 4 (30.8%) women. The
mean duration time of the placental expulsion after
metilergometrin injection was 17.8±1.67 (mean ±
SD) min. There is a significant difference in the
mean duration of the placental expulsion between
Volume 6 / Number 1 / 2011

application of oxytocin and metilergometrin injection (p<0.0001).
Manual removal of the placenta was performed
in 9 (19.1%) women from group A, and 9 (69.2%)
women from group B. IUV injection of oxytocin
shows lower and statistically significant (p<0.01)
incidence of manual removal of placenta compared with metilergometrin injection [RR: 0.28;
95CI% (0.14 to 0.55)].
Conclusion: Intraumbilical injection of oxytocin is safe method for the treatment of the retained
placenta which results in lower incidence of manual removal of the placenta.
Key words: Third stage of labor, Retained placenta, Umbilical vein, Oxytocin
Introduction
The third stage of labor is a separation of the
placenta from the uterine wall and its expulsion
from the vagina which lasts 10–15 min, and is
generally considered to be prolonged if it lasts
more than 30 min. Even with active management
of the third stage about 3% of cases become prolonged. Spontaneous delivery of the placenta can
still be expected in 20–30% of these cases in time
between 30 and 45 min and in a further 10–20%
of cases in time between 45 and 60 min. However,
virtually no cases of spontaneous placental delivery occur beyond 60 min into the third stage (1).
The signs of placental separation are: uterus
becomes firm and globular, a gush of blood flows
13
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from the vagina, the umbilical cord lengthens outside the vulva and the uterine fundus rises in the
abdomen. Exertion of traction on the umbilical
cord should be done with one hand while the uterus is lifted out of the pelvis by suprapubic pressure on the uterus with the other hand. Pressure
on uterus is stopped as the placenta passes through
the introitus. This is the Brandt-Andrews maneuver and the operator must be careful in performing this maneuver because the membranes can be
torn and left behind as the placenta is lifted away
from introitus of vagina. The placenta must be examined after delivery in terms of ascertainment
of its complete removal from the uterine cavity.
The uterine haemostasis achieved after delivery of
the placenta with vasoconstriction of myometrium
should be stimulated by oxytocin, methylergonovine, prostaglandin and uterine massage. Retained
placental tissue or blood clots are etiologic factors
of postpartum hemorrhage.
Retained placenta (placenta retenta) is obstetrical complication with an incidence of 0.2-0.5%.
It might be caused by the incarceration of the placenta, by the spasm of cervical mouth (placenta
incarcerata), more often with the adherent placenta (placenta adherens), and forms of bad placental
invasive implantation (placenta accreta, increta et
percreta) (2).
Oxytocin, ergometrine, and prostaglandins are
all capable of inducing sustained myometrial contractions. Recent studies have shown that uterotonic agents administered via umbilical vein injection may be effective in causing the adherent
placenta to separate (3).
The Cochrane Review concluded that umbilical vein injection of saline solution plus oxytocin
appears to be effective in the management of retained placenta with a relative risk of 0.79 (95%
CI 0.69 – 0.91) for manual removal of placenta
compared to saline injection alone (4).
The aim of this study is to evaluate the effect of
intraumbilical oxytocin injection (modified Mojon – Gabastou methods) in a treatment of retained
placenta.
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Materials and methods
This prospective, randomized, double blinded
clinical study included 60 women with retained
placenta. Inclusion criteria were maternal age
younger than 35 years, parity between 1-3, singleton pregnancy and no risk factors of postpartum
hemorrhage. Exclusion criteria were Cesarean
delivery or any uterine scar, placenta previa, placental abruption and blood pressure of 140/90
mmHg or higher. The women were divided into
two groups: group A (n=47) who were administered 20 UI of Syntocinon in 20 ml 0.9% NaCl saline intraumbilicaly into the vein (IUV) and group
B (n=13) who received intravenously metilergometrin of 0.2 mg with umbilical cord drainage and
the Brandt-Andrews maneuver for placental expression. Intraumbilical injection was used 30–45
min after delivery into distal cord segment clamping the umbilical vein. The following outcomes
were evaluated: duration of third stage labor (placental expulsion), incidence of manual removal of
the placenta, infection, abdominal pain and postpartum hemorrhage (> 500 ml).
Statistical analysis was performed by using the
Statistical Package for the Social Sciences (SPSS
Release 16.0; SPSS Inc., Chicago, Illinois, United
States of America) software. Normal distribution
of continuous variables was assessed using Kolmogorov-Smirnov test. The Student’s t-test was
used for the analysis of normally distributed continuous variables and the Chi-square test was used
to analyze categorical variables. Relative risk with
a 95% confidence interval (CI) was calculated. A
p-value <0.05 was used to establish statistical significance.
Results
Forty-seven women in group A and thirteen
women in group B were analyzed. The mean age
for women in group A was 26.3±2.1 (mean ± SD)
years and for women in group B 26.9±2.7 (mean
± SD) (p>0.05). In group A, placenta expulsion
within 60 min of IUV injection of oxytocin occurred in 38 (80.9%) women. The mean duration
of the placental expulsion after oxytocin injection
was 9.8±1.23 (mean ± SD) min. In group B, plaVolume 6 / Number 1 / 2011
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cental expulsion was recorded in 4 (30.8%) women. The mean duration of the placental expulsion
after metilergometrin injection was 17.8±1.67
(mean ± SD) min. There is a significant difference
in the mean duration of the placental expulsion
between application of oxytocin and metilergometrin injection (p<0.0001).
Manual removal of the placenta was performed
in 9 (19.1%) cases of group A, and in 9 (69.2%)
cases of group B. IUV injection of oxytocin shows
lower and statistically significant (p<0.01) incidence of manual removal of placenta compared
with metilergometrin injection [RR:0.28; 95CI%
(0.14 to 0.55)].

Figure 1. Effects of the intraumbilical oxytocin
injection (group A) and metilergometrin injection (group B) in treatment of retained placenta
(p<0.01)
In our study, the percentage of patients who
experienced abdominal pain was higher in the
group B (15.4%) than in the group A (2.1%). The
complications in terms of hemorrhage greater than
500 ml were not observed in group A, whereas the
same was recorded in 2 (15.4%) women in group
B. In both groups (group A and group B) infection
was not observed.
Discussion
In our study, placenta expulsion within 60
min of IUV injection of oxytocin occurred in 38
(80.9%) women in group A.
According to Habek D. et al. study, in group of
women who received IUV injection of oxytocin,
placental expulsion occurred within 60 min in 13
(68.4%) women (5).
Volume 6 / Number 1 / 2011

According to Yasmeen N. and Aleem M. study
intraumbilical injection of oxytocin was successful in 70.0% of women while 30.0% of women
required manual removal of placenta (6).
In our study, the mean duration of the placental
expulsion after injection of oxytocin was 9.8±1.23
(mean ± SD) min in group A while in group B with
metilergometrin injection it was 17.8±1.67 (mean
± SD) min. There is a significant difference in the
mean duration of the placental expulsion between
application oxytocin and metilergometrin injection (p<0.0001).
According to Güngördük, K. et al. study, the
third stage of labor was significantly shorter in the
oxytocin group than in the placebo group (4.5±1.6
minutes compared with 7.9±3.4 minutes, respectively; p<0.001) (7).
In our study, complications in terms of hemorrhage greater than 500 ml were not observed in
group A, whereas the same was recorded in 15.4%
of women in group B.
According to Habek D. et al. study, complications in terms of major hemorrhage were not
observed in group with oxytocin application,
whereas a hemorrhage greater than 500 ml was recorded in group with metilergometrin application
(25.0%) (6).
Conclusion
Intraumbilical injection of oxytocin is a safe
method for the treatment of the retained placenta
which results in lower incidence of manual removal of placenta and thus decreases the risk associated with the use of anesthesia and puerperal
complications such as an infection.
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Abstract
Exploitation of mineral raw material in process
of truck transport emits significant noise levels that
affect the ergonomic conditions of employees in
working environment, and quality of living in the
proximate surroundings. With purpose to optimize
the noise levels at material transport by dumpers,
in surface mines, we have done an analysis of dependence in choosing technological parameters of
dredgers and its affect to capacity of truck-dredger
complex at decrease of noise exposure of employees in working environment.
Key words: noise, truck transportation, capacity of dredger-truck, optimization, ergonomic
Sažetak
Eksploatacija mineralne sirovine u procesu
kamionskog transporta emituje značajne nivoe
buke koji utiču na ergonomske uvjete zaposlenika
u radnoj sredini, te kvaliteti življenja u neposrednoj okolini. U cilju optimizacije nivoa buke pri
transportu materijala damperima u rudnicima
površinskih kopova, urađena je analiza ovisnosti
izbora tehnoloških parametara bagera na kapacitet kompleksa bager-kamion u funkciji smanjenja
izloženosti buci zaposlenika u radnoj sredini.
Ključne riječi: buka, kamionski transport, kapacitet kompleksa bager-kamion, optimizacija,
ergonomija
Volume 6 / Number 1 / 2011

Introduction
In surface mines, in exploitation process of
mineral raw material, the most applicable mode
of transport is based on dredger-truck complex. In
respect to continuity of depth increase of raw material extent, it’s necessary to increase a capacity
of mining machinery complex, primarily based on
loading and transport of raw mineral material.
Pursuant to increase of loading-transporting
capacity there is an increase of emission of noise
levels which significantly impairs ergonomic conditions of employees in working environment, and
quality of life in direct surrounding.
With a view to optimize an affect of noise levels of truck transport to ergonomic conditions of
employees, we conducted an analysis of choosing dependence of dredger’s bucket volume to
the truck transport capacity, in work productivity
increase and decrease of employees’ exposure to
noise in the working environment.
Influential parameters of dredge bucket
volume to the truck transport capacity
Raw mineral exploitation in role of truck transportation on surface mines is based on technicaltechnological parameters of dredge-truck complex
capacity.
Parameters of rock excavation capacity of
trucks are represented by model:
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Qot (k ) =

36 0 0⋅ q ⋅ k q ⋅ k c(k )
t c(b) ⋅ n k + t z a m + t p + t p r + t i

[t/h]

where:
q – truck tonnage [t]
kq – truck tonnage utilization coefficient:
kq =

Msk

n – total number of sections on transport route
tpr – full truck haulage time [s]:
n

Li

i =1

v t pi

t pr = ∑

vtpi – real technical speed of empty truck on i
section [m/s]
ti - trucks unloading time with maneuvering at
unloading [s]

q

Msk – mass of material in the truck’s basket:
Msk= nk ⋅ qe [t]
kč(k) – coefficient of truck waiting for load:
kč(k) = 1 – kz(k)
kzk – coefficient of truck halt
tc(b) – cycle time of dredge:

With goal for more profitable exploiting process
of mineral raw material, it’s necessary to adjust the
truck transport to the dredge capacity, which primarily depends on installed bucket volume.
Excavation capacity of dredger is shown by
model:
Q ot (b) =

3 6 0 0 ⋅ n k ⋅ q e ⋅ k c(b)
t c(b) ⋅ n k + t z a m

tk – excavation time [s]
to - dredge turning time to unload bucket[s]
tik- bucket unloading time [s]
tik = 4 – 7 for bucket dredger [s]
nk – number of buckets is taken approximately
from ratio:
V
E

V – truck’s basket cubage [m3]
E – bucket’s cubage [m3]
t zam – time of truck swap at the dredger [s]
tp- full trucks haulage time [s]:
n

Li

i =1

vti

t p =∑

[s]

Li – length of i (arbitrary) route section [m]
vti – real technical speed of full truck on i section [m/s]
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[t/h]

where:
qe – mass of material in the dredger’s bucket:

t c b = t k + 2 ⋅ t o + t i k [s]

nk ≈

[s]

q e = E ⋅ k pu ⋅

ρ c. m.
kr

[t]

kpu – bucket loading coefficient:
k p u = 1,18 ⋅ e

−

6 , 5⋅ a s r
E

1, 2

e – base of natural logarithm
asr – size of medium truck (m)
ρč.m. – volume mass of loading material [t/m3
.]
č.m
kr – coefficient of material incompactness in
the dredger’s bucket:
1−

kr =

a

2
sr

⋅e

a s2r
0,56⋅ E

0 , 7 5⋅ E

2
3

+ 1, 35

2
3

kč(b) – coefficient of dredge waiting for trucks
arrival:
kč(b) = l – kz(b)
kz(b) – dredge halt coefficient
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Noise emission affect of truck transport to
the ergonomic conditions of employees
Analysis of noise affect in working and living
environment is performed based on full working
time in accordance to normative of allowed noise
levels.
Harmful effect of noise is evaluated by correlation of allowed and measured noise level on the
certain working spot or certain working room.
If the noise in working spot or working rooms
exceeding the standardized allowed levels, then
it’s necessary to optimize the sound events in compliance with regulations for allowed noise levels.
Depending on noise affect at performing production processes on surface mine, the employees
are required to:
–– permanent focus,
–– hearing inspection,
–– conducting the production processes on
basis of sound signals.
Employees optimum conditions in conduction
area of production processes, established by noise
affects, are limited by equivalent level LAeq = 70
dB (A).
With aim to analyze the influence of truck transport noise to the ergonomic conditions of employees, we performed an adequate research of sound
events for sample truck type „Terex 3600B“in a
handler’s cab, shown in diagram 1 and at distance
of 15 (m) from the observation post, shown in diagram 2 at temperature of 26 (oC) and humidity of
75 (%). Truck movement from loading place to
dumping place and vice versa, was performed on
the marl route inclined 7 (%).

Diagram 1. Noise in truck cab
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Diagram 2. Truck movement noise at distance of
15 (m) from observation post
Respecting that the truck transport noise changes oscillatory, it’s necessary to estimate the affect
of harmful effects to the employees by equivalent
level LAeq. Thus, sublimate level LAeq shows permanent influence, but by its harmful effect corresponds to varying level of presented noise.
Analyzing the above physical features of noise
in truck cab, in process of material transport, we
measured the referent, equivalent level LAeq = 78,
3 dB (A). The presented noise is higher then optimal level LAeq = 70 dB (A), which is a result of
decreased capability of handler at performing the
technical operations of production processes, and
it attentions the employees that they’re in area of
noise affect to the serious psychological and neuro-vegetative disturbance.
Equivalent noise level of truck transport at distance of 15 (m) from observing post is LAeq = 85
dB (A). In this working environment while performing production processes, the employees are
in normative marginal levels of noise exposure,
and in area of hearing impairment.
At the set forth work conditions, the employer
is responsible to mark and fence the area of excessive noise, to provide employees with protection
equipment and make sure it is used, as well as to
provide a regular health control.
Relating to recorded levels of equivalent, exaggerated noise LAeq = 85 dB (A) at distance of 15
(m) from place of truck movement, we conducted
the optimization of exposure noise levels, and
noise dose for employees within 8 hour working
time.
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Analysis of dependence at selection of
dredger’s bucket volume to the truck
transport capacity, in function of
employees’ time decrease to the noise
exposure
Exploitation of mineral raw material by truck
transport is conducted with certain capacity depending on technical-technological system parameters.
Bigger capacities of transport systems enable
transport of certain material quantity in shorter
time, which shortens the transport time increasing the work productivity, and at the same time,
shortening the exposure time and noise dose for
employees.
Employees’ exposure to noise is calculated by
model:

L E P , d = L A e q , T e + 10 ⋅ l o g 10

Te
To

(d B)

where:
LAeq, Te – equivalent noise level in i time period (dB)
Te – duration of i time period (h)
To – shift working time (h)

Lc – criterion of noise level, 85 dB (A)
q – dimensionless number that determines a
change through time, that is q = 3/ (log2) for 3 dB
principle of change
N – number of intervals
During the working shift, that is 8 hours, the
normative allowed exposure of employees to the
noise is LEP, d = 85 dB (A) and the noise dose
D=100 %.
Dependence of bucket volume selection to the
capacity of dredger-truck complex which is functionally manifested in decrease of noise exposure
and employees noise dose is presented in table 1.
Analysis for danger estimation of noise affect
to the ergonomic conditions of employees was
performed at transport of certain material quantity
from 2224 tones in working 8 hour shift, at distance
of 15 (m) from transporting communication-route.
Functional dependence in selection of dredge’s
bucket volume, that is, dredge type to the employees’ exposure to noise level, is presented in diagram 3.

Noise dose is calculated by model:
( Li− Lc)/ q
10 0 N
(%)
D=
∑ ( T i )10
T n i =1

Tn – work time, usually 8 hours
Ti – duration of i time period
Li – equivalent level of sound pressure and i
time period
Table 1.
Dredge type

Diagram 3. Affect on selection of dredge’s bucket
volume to the exposure of noise level for truck
handlers.

Truck’s
Material
Noise
Dredger’s
Dredge
Truck
Noise
Truck basket
transporting exposure
bucket
capacity capacity
dose
type volume
time
LEP, d
volume (m3)
(t/h)
(t/h)
D (%)
(m3)
(h)
dB(A)

PH-1900

9,2

Terex
3600B

84

710

278

8

85

100

TerexRH 120-E

15

Terex
3600B

84

1100

353

6,3

84

78,8

Liebherr-9350

18

Terex
3600B

84

1253

370

6

83,8

75
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Conclusion
Exploitation of mineral raw material on surface
mine at truck transport emits significant noise levels which spoil ergonomic employees’ conditions
in working environment, and quality of living in
the proximate surrounding.
Regarding to recorded, expressed pollution of
working environment by noise, it is necessary to
apply adequate organizational measures in order
to optimize the affect of sound events to the health
of employees.
In this elaborate, we perfumed an analysis of
influence in selection of dredge’s bucket volume
to the capacity of dredge-truck complex in a role
of decrease of employees’ noise exposure.
Based on conducted analysis, we conclude that
by increase of dredge’s bucket volume, there is an
increase of exploitation capacity of mineral raw
material and work productivity, and the affect of
noise to the ergonomic conditions of employees
is decreased.
Based on listed above, with a view to increase
work productivity on surface mine and to decrease
the noise environment pollution, we recommend a
selection of technological parameters that enable
increase of capacities in product ional systems.
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Abstract
This study presents the cantilever method for
determined of internal stress by films of polymer
materials formed on solid ground. The internal
stress occur as result of volume changes during
hardening and adhesion of the film and substrate.
In the film forming polymer material in the solid
phase surface, change is possible only dimensions
vertically to the substrate, because a change in dimensions parallel to the surface prevents adhesion
of the film and substrate. The consequence is internal stresses and the film is intent on stretching.
The cantilever method is based on the principle of
vice at one end elastic thin narrow plates. Has been
applied in extensive research studies coatings.
Key words: internal stress, cantilever method,
coatings.
Sažetak
U radu je prezentirana konzolna metoda
određivanja unutrašnjih naprezanja kod filmova polimernih materijala formiranih na čvrstoj
podlozi. Tečni polimerni materijali podložni su
promjeni volumena u periodu otvrdnjavanja. Kod
formiranja filma polimernog materijala na krutoj podlozi, promjena dimenzija je moguća samo
okomito na podlogu, jer promjenu dimenzija paralelno sa podlogom onemogućuje adhezija filma i
podloge. Posljedica toga su unutrašnja naprezanja,
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a film je napregnut na istezanje. Konzolna metoda
je zasnovana na principu uklještene na jednom
kraju tanke elastične uske ploče. Primjenjena je u
obimnim studijama istraživanja premeza.
Ključne riječi: unutrašnja naprezanja, konzolna metoda, premazi.
1. Introduction
Inevitable feature of films of polymer materials
inflicted on solid ground the occurrence of internal stresses, which adversely affect the quality and
durability of the film formed. If you have created
stresses greater than the cohesion of the film, cracks
appear in the film, and when beyond the film and
substrate adhesion comes to separating the film
from the substrate. Besides the film, which is continually in the pent-up condition is worse exploitation properties and short lifetime. Knowing the
intensity of residual internal stresses in the film will
allow production, selection of quality materials and
methods of application that the negative impact of
internal stresses on the quality of the formed films
reduced to the least possible measure.
2. Theory
Liquid polymeric materials are subject to
change volume during curing. In the film forming polymer material in the solid phase surface,
Volume 6 / Number 1 / 2011
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change is possible only dimensions vertically to
the substrate, because a change in dimensions
parallel to the surface prevents adhesion of the
film and substrate. The consequence is internal
stresses, and the film is intent on stretching. If
the polymer film material formed on one side and
thin elastic plates, the internal stresses in the film,
formed during the curing, bending will cause the
newly biboard.
The effect of internal stress of the film to the
plate bending moment can be replaced (M), which
operates on the edges of panels (Fig.1).

S1 =

E1 d

3

6 R t ( d + t ) (1 − µ 1 )

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

Internal stresses of films formed on solid surfaces are greater than the internal stress (S1) in the
film formed on a thin elastic substrate for size S2.
S2 = e

E2
............................ (4)
1 − µ2

where is:
ε - dilatation,
E2 - modulus of elasticity film,
µ2 - coefficient Poisson film.
Dilatation can be determined by the expression
(5).

Figure 1. The effect of internal stresses in the
film to the plate
The plate is bent into a sphere and the connection between plate curvature radius (R) and the
bending moment is given by equation (1) [1].
M=

E1 d

3

12 (1 − µ 1 ) R

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

where is:
E1 - modulus of elasticity substrate,
d - substrate thickness,
µ1 - coefficient Poisson substrate.
With sufficient accuracy can be assumed that
the neutral surface of the newly biboard passes
through the middle of the system, the plate is
rolled into a sphere and that the internal stresses in
the film uniformly continuous load that acts vertically on the thickness of the film (t), so we adopt
that the size of the moment of attack given by (2).
M = S1t

(d + t )
.......................... (2)
2

On the basis of relations (1) and (2) internal
stresses in the film polymer materials formed on
elastic plate are determined by expression (3).
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e=

(d + t )
. ............................ (5)
2R

From expression (4) and (5) we obtain:
S2 =

E 2 (d + t ) ......................... (6)
2 R(1 − µ 2 )

The total internal stress in the film of polymer
material (S) applied to a solid substrate are:
S = S1 + S 2 ............................. (7)
According to expression (3) and (6) we obtain:
S=

E1 d 3
6 R t ( d + t ) (1 − µ 1 )

+

E2 (d +t )
2 R (1 − µ 2 )

..... (8)

3.  The cantilever method
If the film is formed on an elastic plate whose
length is much greater than the width, the action
of internal stresses in the film, there will be flexing
newly biboard the cylindrical surface. If the plate
is vice at one end (Fig. 2), measuring the deflection of the console (h), it is possible to determine
the internal stresses in the film.
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maximum and the residual internal stress in polyurethane coatings [2, 3]. The results of research influence of film thickness and amount of plasticizers
on the intensity of residual internal stresses [4], are
shown in Fig.3. The amount of plasticizers significantly reduces internal stress, while the influence of
film thickness is not significant.
Figure 2. Determined internal stress by use of
the cantilever method
L - length of the console,
h - deflection of the console,
d - substrate thickness,
t - film thickness,
1 - substrate,
2 - film,
3 - vice
How is the relationship between the radius of
curvature panels (R) and deflection of the console
given by expression:
R=

L2 , ................................ (9)
2h

then on the basis of relations (8), may determine the internal stresses in the film by the expression (10).
S=

h E1 d 3
2

3 L t ( d + t ) (1 − µ 1 )

+

h E2 (d +t )
2

L (1 − µ 2 )

. . (10)

Determination of internal stresses in the film of
polymeric material according to expression (10),
known as a cantilever (beam) method. If available
E1 » E2 and d » t, the second member of expression (10) is less than 1%, and usually only use the
first member.

Figure 3. Influence of content of plasticizers on
internal stress in poyurethane coatings
We found significant internal stresses with boron
nitrate films [5], nanocomposite materials [6], and
other organic coatings [7, 8]. We studied the effects
of moisture (water) on the internal stress in different
types of organic coatings [9] as given in Fig.4.
The development of computer technology and
numerical methods has made the research easier
and enabled obtaining information of stress and
strain conditions [10, 11]. Numerical modeling
also allows fast analysis and internal stresses determination in the film.

4. Application
Cantilever method is the general basis for the determination of internal stresses in the film of polymeric material. As a basis for forming film are commonly used thin narrow strips of steel or aluminum.
For measure the deflection of the console using
various optical and laser accessories. Investigation
of internal stresses console method were carried
spent extensive study. The investigated were the
24
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06-9, ISBN 978-3-901509-76-6, Polytechnic of
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properties, internal stress and thermal expansion
coefficient of cubic boron nitride films on silicon.
Thin Solid Films, Vol. 385, Issues 1-2, April 2001,
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Figure 4. The effects of moisture (water) on the internal stress in different types of organic coatings
5. Conclusion
The polymer films formed on solid medium appeared significant the maximum and residual internal stresses as consequence to volume change during curing and adhesion of the film and substrate.
For determination of internal stress is most often
used cantilever method. The method is based on
the principle of vice elastic thin narrow plates. Has
been applied in extensive research studies coatings.
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Abstact
This paper aims to show the importance of business rules for the development of new and powerful information systems built on object-oriented
basis. In the very beginning, the paper provides
an introduction into business rules and description
of the importance of their application according to
the postulate set by the Standish Group. Different
types of business rules are being defined, and the
methodology known as business rules approach
is particularly accentuated. This section indicates
the importance of business rules for the organization the business of which they derived from. The
approach based on the mechanism of reasoning is
being shown further on, as well as the process of
its development throughout the following phases
- levels: requirements, modeling and implementation, and then its architecture is being shown and
a parallel drawn to human reasoning. In the very
end a concrete example of the scenario of paying
Infostan bills is given. The work was completed
by drawing corresponding conclusions.
Key words: information system, business rule,
reasoning mechanism, bills payment system, object-oriented.
Sažetak
Rad ima za cilj prikazivanje značaja poslovnih
pravila za razvoj savremenih i moćnih informacionih sistema izgrađenih na objektno-orijentisanim osnovama. Na samom početku, rad daje uvod
u problematiku poslovnih pravila i opis značaja
njihove primene na osnovu postulata koje je post26

avila Stendiš grupa. Definišu se različiti tipovi
poslovnih pravila, a posebno je akcentovana metodologija poznata kao pristup poslovnih pravila.
U ovom delu rada, naznačen je značaj poslovnih
pravila za samu organizaciju iz čijeg su poslovanja
izvedeni. Dalje, izložen je pristup zasnovan na mehanizmu rezonovanja, kao i sam proces njegovog
razvoja kroz faze: zahteva, modeliranja i implementacije, a zatim je izložena njegova arhitektura
i povučena paralela za ljudskim rezonovanjem.
Na samom kraju pokazan je konkretan primer na
scenariju plaćanja Infostan računa. Rad je završen
izvođenjem odgovarajućih zaključaka
Ključne riječi: informacioni sistem, poslovna
pravila, mehanizam rezonovanja, sistem plaćanja
računa, objektno-orjentisano
1. Introduction
External organization, changing of business
rules and regulations bring public administration
into a position of constant change. The introduction of a dynamic system that will respond to these
changes in a short time, with low-cost adaptation is
of general importance. This is possible only if the
system is designed so that it applies changes only
to business rules, not the system as a whole. That
is what will lead to a shifting of public administration into digitized administration, and this requires
a deep analysis of current business processes.
The reorganization of information systems also
includes, reorganizing of administrative and economic processes with taking into account the “legacy” architecture, organizational structures, and the
valid legal standards. In recent years, the business
Volume 6 / Number 1 / 2011
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rules are widely applied in the information systems
design because they are able to make the process
flexible and adaptable to changes in internal or external environment. Business rules are related to business processes that drive the organization towards
the creation and development of certain products,
and also towards redefining their business goals in
collaboration with all members of the system.
Business rules are clearly represented by business contracts and are a built-in source code of
many modules of business applications. Thus, the
rule is a concise and a declarative sentence of system behavior, translated into a set of program instructions spread over the entire information system. This way, business rules are hard to change
and keep consistent over time. For this reason, it is
necessary to reorganize the system with the aim of
isolating the rules from the core application code.
If the above given things get realized, changes
could be made directly to the rules leaving the rest
of the system unchanged.
The aim of this paper is the description of a
software prototype for supporting semi-automatic
generation of business processes through the definition of macro activities and applicable business
rules, in the example of Infostan service.
2. The importance of business rules
application
Before defining the items of business rules it is
necessary, above all, to expose a business process
on which the objective of the business planning is
based. Business process is defined as a structured,
measurable set of activities designed with the aim
of producing the desired output for a particular
customer or market.
Application of business rules has been defined
in detail by The Business Rule Group. The rules
are defined as sentences that describe some aspects
of business. The aim is to emphasize the business
structure, control or influence on the behavior of the
system. A business rule is atomic, i.e. It can not be
split up into smaller details. The loss of important
information about the concepts of operations that
could occur during decomposition is being prevented this way. Moreover, the rules are used as a
control system from the perspective of information
Volume 6 / Number 1 / 2011

systems, and behavior of people who are related to
the organization, i.e. business perspective. In fact,
the business rule can be viewed from two different
perspectives. First, from the perspective of information system where the events occur in the form of
data and constraints related to changes in the value
of a specific event. And second from a business perspective, where the rules are considered in relation
to the conduct of the administration.
Business rules are of great importance to the
organization for the following reasons:
–– They differentiate the organization by reducing conflict between organizational units;
–– They can be reused - must be understandable
and accessible to anyone who wants to use
them. The use of incorrect or inconsistent
business rules is inconceivable just because
it is contained in the core of business logic;
–– They are matched with a system in which
they are installed and quickly react to its
changes;
–– They enable business decisions in real - time.
Business rules can be internal and external regarding the architecture of the company or corporation. They are of interior character when they are
defined by the organization and usually derived
from the strategic elements that describe the reason for their existence. External business rules are
derived based on the environment, including regulations that govern the behavior of external partners. For these reasons, the business rules represent
knowledge about the business owned by the organization itself. In this way, rules can be expressed
in marketing strategies, contracts and may have an
impact not only on the relationship between corporate staff, but the final relationships with customers.
Hence, business rules are the mechanism by which
a business organization evolves.
It is of utmost importance that the administration is redefining relations and mechanizing processes with an aim of their integration with technological innovations. It is necessary, therefore, to
construct a system where the rules are separated
from other components of the system. Execution
of rules based on business logic implies greater
flexibility and better maintenance of the system.
The methodology upon which business rule is
identified, developed, designed and mechanized
27
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is, from the perspective of strategic operations,
called the business rules approach.
The aim of this approach is to create a system
based on business rules, able to manage the rules
separate from other components of the system.
The rules are stored in the knowledge base and can
they can be accessed through the user interface.
In such a way, they are of paramount importance
to the organization. In fact, the separation of the
process flows from the execution of business rules
is the most important aspect of access to business
rules, which makes processing and system maintenance easier. Hence, two internal flows have been
created. The first is for management of rules and
the second one is for performing other system processes. Operation planners, having access to entire
flows of rules, have the possibility of observing
the dependence between business entities. Hence,
they are fully committed to the development and
planning of a system without rules, leaving their
implementation to the mechanism of rules.
3. Approach based on the reasoning
mechanism
Service-oriented paradigm includes reaching
consensus on the integration of heterogeneous
information systems. Although the systems can
be implemented independently, they can also be
interconnected through appropriate subsequently
imposed solutions. Different standardization requirements are observed. The increase in interest
in these categories of standards is reflected in the
basic links that exist between business process
management (BPM) and service-oriented architecture (SOA). BPM technologies are based on
the SOA, like the management of resources, describing the stages of the process or realized interactions between processes and corresponding
services with final users. Service can also be used
as an access point to the execution of business
processes, including the important connections
between the service models and process models.
Appropriate approaches adopted for the integration of services are divided into two classes:
–– centralized connecting of services;
–– distributed connecting of services.
28

Centralized connecting is based on the so-called
workflow model that models the connectivity as
processes centrally coordinated by an agent. Special
role is assigned to the service coordinator of the process. Other services can also communicate, either in
terms of control or in the context of information exchange, using an intermediary. Their direct communication is disabled. Distributed linking of processes
models the connectivity as a set of messages exchanged between the participants in the system and
does not, necessarily, require the presence of a central coordinator. The so called peer - to - peer connection is typical in this case. The main objective is
the identification of collaborative process conduct,
during which interaction between participants in the
system is seen from a global perspective.
With the aim of modeling the business processes, in particular research focus is on centralized connection based on the model of the workflow. According to authors Leymann, Roller, and
Schmidt workflow is defined as the automation of
business processes during which documents, information or tasks migrate between participants in
order to carry out certain actions, in accordance
with a set of procedural rules. Workflow can
therefore be viewed as a set of organized tasks that
defines, simultaneously, the order and conditions
under which tasks are performed and coordinated. For this reason, the approach which is based
on the rules under which an interim order of the
tasks can be imposed is proposed. Such approach,
in fact, describes the workflow as a set of temporary business rules that specify the order in which
tasks must be accomplished. The advantage of using this approach is that it changes the rules, made
by the business manager, leads to a modification
of the logic of the process, leading to alignment
between business and process standpoint.
Organizations are faced with the challenge of
improving efficiency, effectiveness, simply the
quality of their own service. Such challenges
require increasing the speed of response to customer requests, and also reducing of costs which
occurred as a result of changes within the organization. Hence, it is necessary to draw a conclusion about the need for reengineering of processes
related to connectivity services because business
rules evolve with exceptional speed in the system
within which they exist.
Volume 6 / Number 1 / 2011
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With the aim of presenting the above it is necessary to develop a mechanism of reasoning. In literature and in practice, similar systems were given the
common name BRAIN. The name is very convenient
because in addition to the literal meaning of the brain,
it is the abbreviation that stands for Business Rules
for Adaptive Integration. This mechanism can be developed for the distribution of e-government services
in the local administration, rooted in common service center, which aims to achieve high return on investment for the organization, through the sharing of
common elements in its individual members. In this
context, the most complex task is the joining process.
The goal is to manage the cooperation between the
services offered by various local government units
with the aim of carrying out sophisticated tasks. It
is .therefore, necessary to share knowledge with the
aim of understanding the relations within the administration. To achieve this it is necessary to establish a
common base of business rules.
The prototype of reasoning mechanism combines processes and business rules with the aim
of bringing organizational units to the level of
cooperation. Collaboration is described as a set
of tasks, combined in a way characteristic of the
organizational logic based on specified business
rules. The task can be assigned to different service
providers, made and distributed simultaneously.
Implementation of rules takes place through the
mechanism of the rules. The mechanism of the
rules is specialized software for managing rules
and their enforcement.
4. The process of reasoning mechanism
development
The problem that must be fought over during
the use of an enormous number of existing or new
business processes is the lack of uniform understanding of business and technical requirements,
and relations between different organizations.
During the development process, public administration must be clearly informed about their own
goals and organizational knowledge. The development of a clear insight into public administration
provides an understanding of the organization and
supports reconciliation between the perspectives
of business and information systems.
Volume 6 / Number 1 / 2011

Workflow models present a simplified procedural insight into business processes. They do not
reflect the troublesome, unpredictable nature of
organizational work. A number of unsuccessful
projects of service-oriented development indicate
that the existing methodology and analysis techniques and designs only partially cover the set of
requirements to support the implementation and
development of service-oriented applications.
In further remarks, the aim is to present a development stage of business processes in terms of
goals and policies.
4.1.  The level of requirements
From the point of Standish Group, inadequate
requirements, or lack of appropriate analysis are
the main reasons for failure of software development projects. The primary indicator of success is
the extent to which the software meets the purpose
for which it is made.
Approaches based on the goals focus on the
reasons for designing the system, expressing rationale and motivation to justify software requirements. At this stage, design methods based on
scenarios are used, with the inherent innovation to
focus on scenarios related to the goals and require
specific use case. A scenario is a description of the
behavior of the system and its environment with
respect to certain restrictions. It gives the example
of behavior by allowing the hidden requirements
to be discovered and used as alternatives of design
that lead to better solutions. There are numerous
examples in the literature that show a combination
of goals and scenarios. It is obvious that the goals
and scenarios are complementary. Scenarios are
concrete, descriptive, procedural, and give implicit desired properties. Goals are abstract, declarative and do not engage in problems of properties.
The final product of this phase is the definition of
requirements to achieve the balance between business strategy and system requirements.
4.2.  The modeling level
Model of public administration represents knowledge about the organization itself or about what it
29
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should become. The development of a clear insight
into the public administration provides a high degree
of understanding of the organization and support to
compliance of business and information system.
The main objectives of the business modeling,
through the development of business processes can
be distinguished as follows:
–– Business modeling improves and documents
knowledge considering the current and
desired conditions within the business;
–– It provides a clear and structured set of
documents based on objectives and concepts
for future operations;
–– Through the process of modeling design
basis of the relevant information system
is developed, which helps the business
objectives to be realized.
With a view to implementation of business
rules and development of the design process based
on rules, it is necessary to implement the modeling phase, which describes the abstract or concrete
elements of public administration in a structured
and formal way. During this phase, the focus is
placed on the development of models with different levels of abstraction, which enables a detailed
and careful analysis of business rules for managing processes. The following models can be identified for the current approach:
–– Model of business objectives - a clear
description is based on a hierarchy which is
emphasizing the objectives of business. This
model describes the problem as a hierarchical
composition of goals and subgoals;

–– Model of business processes - providing
a complete description of the process in
the context of activities and information
flows, as well as determining their structure
(in terms of the interim order of activities,
overlapping information, etc). This model
describes the processes that ensure the
achievement of aims and objectives of
public administration;
–– Actor Model - consists of identifying,
analyzing and describing the actors of
processes. It describes how different actors
are related to each other and how they are
related to goals and processes;
–– Model of service - description of the behavior
of interaction within the service. Provides
capacity to exercise the requirements and
logical basis for reusable services for the
organization;
–– Model of messages - a description of the
content, structure and limitations of the
information exchanged between services.
With the aim of appropriate management of
rule, it is necessary to isolate them for each level
of abstraction because the rules overlap and can be
performed by any model. It is also necessary to observe the relationship between the models with the
aim of predicting the impact of changes to the system as a whole. After the modeling phase it comes
to creating a unique and unambiguous insight into
the administration. For this reason it is necessary
to formalize the model in line with some of the
common language specification (Table 1).

Table 1. Overview of general language for model specification
Goal
Process
Actor
Service
Message
30

Concept

View

Tool

Business goals

Scenarios, goals

Use-case map, GRL

Processes,
Patterns of control, communication
activities, events
and generation
Organizational
functions,
user’s roles
Transactions,
communications
Message and test
cases

Classes, associations and
constraints
Transaction patterns
Linear style

Activity diagram

Language
GRL,
RuleML
BPEL,
RuleML

Activity diagram, usecase and deployment
diagrams

WSDL,
BPEL,
RuleML

Sequence and state
diagrams
OCL expressions, BNF
gramatics

RuleML,
WSDL
XML,
RuleML
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4.3.  The level of implementation
At this stage, the specification model of individual services is translated into the implementation. In other words, implementation is a process
by which a certain model is transformed into program code. The final product of this phase is a set
of fair and independent services that will be connected in order to achieve complex and sophisticated functions. Through the integration, a number of tested services are connected properly.
During this process, the services are combined
into a whole with a clear goal of achieving full
functionality of the desired system. The current
approach gives emphasis to the requirements and
the modeling stage because most of the problems
related to integration of services can be identified
and eliminated during this phase. Careful analysis
of the system and its components, simplifies the
integration and development of tools for automating of integration
5. Reasoning mechanism architecture
Many parallels can be drawn between the
mechanisms of reasoning and the human brain.
Hence in the literature, this mechanism is often
called BRAIN. The following figure outlines some
features of the mechanism of reasoning, and which
are also specific for the human brain.

Figure 1. The parallels between the human brain
and reasoning mechanism
The view of architecture prototype mechanism
of reasoning is of particular importance with the
aim of illustrating the key ideas and concepts of
Volume 6 / Number 1 / 2011

approach. Architectural diagram of the reasoning
mechanism system is presented by Figure 2 It is
especially necessary to emphasize the four components of the architecture: a designer of business processes, the mechanism of rules, workflow
templates and the mediator in access to services.
Design of business processes relies on the extraction of rules from the rest of the system. Mechanism
of rules manages the rules stored in the knowledge
base by the business manager. This mechanism is
the core of the prototype, which means that the
remaining components communicate with it, with
the aim of finding rules, highlighting previous
and subsequent conditions, temporary conditions
and other restrictions that define the behavior and
structure of the process. Rules can be elegantly
displayed using language RuleML (Rule Makeup
Language). Noting the following types of rules is
of particular importance:
–– Behavior process rules - specifying the
temporary restrictions to perform specific
tasks;
–– Rules of constraints - test conditions and
while having value, correctly initiate
execution of the next business event:
–– Detection rules - allow selection of an
appropriate service provider.
Business process designer manages the process
of generating business processes. The connecting process begins with request that contains the
business purpose. Designer accepts the goal and
creates a model of workflow template made out
of a combination of workflow templates. In this
particular case, the manager selects a workflow
template corresponding templates stored in the database templates in line with business objectives
and appropriate regulation of process behavior. In
the next step, the designer can expand the model
introducing a number of limitations related to the
requirements of business processes, adding, in
this way, the decision point to the workflow model
generating WS-BPEL scheme. By applying the
detecting rules, the designer searches related links
appropriate for the scenario of previously defined
business processes. At this stage, the mediator approaches the services and supports the designer in
the selection. With the objective of participating in
the business process, service must be recorded in
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the service registry (database). In this way, the designer of business processes can generate executable WS-BPEL mechanism.
6.  Payment of infostan bills
Showing the script for paying Infostan bills
and appropriate methodology based on connecting services using business rules can be used for
understanding the mechanism-based approach,.
Modeling of this process requires many different steps to achieve full final - user serviceability.
A very simplified example which represents the
business rules for different activities will be used
(Figure 3). Scenario includes the following steps:
1. User of Infostan services requires a payment
order;
2. Financial institution receives the user’s
request;
3. City (public) administration is the recipient
of the payment;
4. User executes the obligation to pay Infostan
bills (Figure 4).
City (public) administration receives a request
and provides a feedback to the use with an appropriate message. The user can authorize some
financial organization (bank) to pay the bills. The
process ends in receiving feedback from the administration, in the form of electronic account.

Figure 2. Architectural diagram of the reasoning
mechanism system
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7. Demonstration
In this section, the aim is to present a prototype
derived from workflow modeling through the application of business rules. It is possible to observe
three phases of design:
1. Definition of workflow models - Figure 3
shows the scheme of business processes
designers, graphical user interface developed
to facilitate the procedure of connecting.
First it’s defined an abstract model of a
workflow process by combining different
patterns with the logic of process behavior
rules. These rules provide a mechanism of
rules from the knowledge base. This means
that for the simple choice of goals and
subgoals related to the area of connectivity,
all dependencies are analyzed and presented
to suit the objectives, process behavior
rules and patterns specifications. Finally, it
is possible to realize a completely abstract
workflow represented by the activity
diagram for the selected business goals.
2. The definition of WS-BPEL schema - first
the activity diagram specifications in WSBPEL will be copied. Basically, it is a matter
of combining the limitation rules through
the establishment of mandatory restrictions
or conditions of behavior for the entire
workflow. In this way, you get an empty
structure of WS-BPEL document based on
behavior of business processes. Finally, the
pattern is characterized by the generating
procedure of selecting conditions relating to
workflow tasks. In Figure 3, R2 condition for
Infostan activity can be seen. Requirement
that checks your bank accounts. Rule R2
can be interpreted as a reaction in terms of
ability to respond by action, or its absence,
in a certain event. The action is performed
only when the required condition holds.
3. Defining instances of WS-BPEL process
- For each event that corresponds to the
derived communication, defined by scheme
WS-BPEL models, mediator accesses
services by proposing a set of appropriate
service providers based on the corresponding
detection rules. For example, the task of
paying Infostan bills can be activated by
Volume 6 / Number 1 / 2011
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calling service that provides a number of
possible types of providers.
Financial institutions can be deployed to several groups based on their service contracts. This
way user gets more dynamic during the execution
phase because it is possible to change the provider,
within the same group, without having to engage
WS-BPEL process. In the end technical specifications are being defined, such as the attributes of
activities, input WS-BPEL benefits (Web Service
Business Process Execution Language), during
the research and work development, are fully exploited. Eclipse BPEL Editor is the especially used
tool (Figure 5) and output variables and the like.

Figure 3. Designer of business processes for Infostan service
8. Conclusion
Business rules are of great importance for the
construction of modern software solutions. Respecting business rules, their coding and installation of modern software, independent from other
components, brings a powerful tool to the business organization and gives it a strategic advantage over competitors.
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Figure 4. Demo version of Infostan bills payment
system

Figure 5. Eclipse BPEL Editor
Through processes of analysis, design, implementation, and subsequent testing, the appropriate
business rules are identified, improved, encoded
and connected with the core of business application which, in accordance with modern IT practice, is built using object-oriented methodologies
and techniques.
The above example can bring numerous benefits to public administration, in this case the city.
In addition to more efficient and effective performance of business tasks, it brings a significant reduction in operating costs and eliminating a large
amount of written documentation, the storage and
processing of which are extremely complicated.
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Abstract
In this paper the author pointed necessity of existanceof management education and training for
quality, as basic prior condition for successful quality management. Also, the competence of education and training for quality is a significant issue. In
contemporary economy, in the conditions of global
market, strengthening quality management is target
for a long-term, and it presents very important faktor to get competition advantage. The state needs to
make surroundings in order to realize it. The first
step of state should be stengthening quality management on its own level. That will make conditions
for solving problems from this area.
Key words: Management, quality, education,
competence
Sažetak
U ovom radu se ističe neophodnost postojanja
menadžmenta obrazovanjem i obukom za kvalitet, kao osnovnog preduslova za uspješan menadžment kvalitetom. Takođe, kompetentnost obrazovanja i obuke za kvalite tpredstavlja značajno pitanje. U savremanoj privredi, u uslovima globalizacije tržišta, poboljšavanje menadžmenta kvaliteta
je dugoročni cilj i predstavlja izuzetno značajan
instrument ostvarivanja konkurentske prednosti.
Da bi se to ostvarilo potrebno je da država stvori
ambijent. Prvi korak treba da bude unapređivanje
menadžmenta kvaliteta na nivou države. Na taj
način bi se stvorili uslovi za rešavanje problematike iz ove oblasti.
Ključne riječi: Menadžment, kvalitet, obrazovanje, kompetentnost
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1. Introduction
The world is at the end of the twentieth century
and it experienced global changes that are in their
character historic and far-reaching . The phenomenon of globalization of the world economy and
world market has done to change radically alter
notions of time and distance. The world is becoming global and transnational system of production
/ services in conditions of high mobility of people
and capital.
Each country tends to reach the market freely
in other countries with its products and services,
so that the world and national markets are increasingly overwhelmed with a large and diverse number of goods and services. Removing the technical and other barriers in trade business, more opportunities are created for consumers and clients
around the world. However, the increased flow of
goods and services, is now more than ever, a need
for increased consumer protection and protection
of the users of those services. This is achieved by
quality, which will protect and connect people all
over the world. By this way it is confirmed and
strongly affirms the assertion that no ideology has
successeded or will successed to unite the world,
and that can be only done by the quality. The concept of quality includes, at the same time, all areas
of human activity: quality products, quality management, quality management (government) and
quality of life of people.
In the modern business world, globalization
of markets, the quality is extremely important instrument for achieving competitive advantage of
organizations. Success of the business is now determined by the ability of organizations to respond
to the demands set by the market, and improve the
35
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quality of the business becomes an imperative of
contemporary market trends. Improving the quality of business is long-term goal of all organizations that seek business excellence and achieving
world-class products and services. The process of
continuous quality improvement is based on the
improvement of knowledge and productivity of
all employees in the organization of individuals,
especially of those who are responsible for the
growth of productivity.
For the success of business organizations, and
achievement of their long-term goal – world-class
products, we can`t forget the role of state, which is
to create an environment for it.
2.  Education and training quality
A key resource of modern business is knowledge, and thus the improvement of the quality of
operations is based on the effective application of
knowledge. Rapid technological changes require
all higher and higher degrees of general knowledge, so that the development degree of a national
economy increasingly extent and cause consequential resulting in connection with the ability to
create and use knowledge. A new type of expert
knowledge needs wider understanding of complex tasks, and successful completion of certain
complex projects. For these reasons, in developed
countries, increased the participation of university
educated personnel in the structure of employees.
Human knowledge is treated as a developing potential, and it is one of the basic elements of competitive advantage of organization and the national
economy, including the quality of products and
services, as well as the quality of education and
training for quality. In this sense, education and
training for quality is becoming a basic requirement for successful build, implementation and
promotion of the concept of quality management
in every organization. Educated and professional
people have a guarantee that the product or service
will be of a good quality. Therefore, employees
should not be viewed as a cost but as a value in
which it is worth to invest.
One of the main problems faced by many local business organizations is the lack of application of the concept of quality management. Com36

plete absence of changes in the concept of quality
management and its inadequate implementation
resulted in the fact that the national organizations
are insufficiently competitive. When agreeing on
tasks, especially if they are businessmen from
abroad, one of the first questions is that more and
more appears: “Are you accredited or certified by
national accreditation bodies and accredited certificated body. In other words, you are asked if you
have established the concept of quality management. As some of the problems faced by the local
businesses, when it comes to the phenomenon of
quality, are as follows:
–– Insufficient understanding of the concept of
quality management,
–– Insufficient treatment and investment in
quality,
–– Lack of connection of marketing, quality,
research and development,
–– Inadequate acceptance and implementation
of new methods, techniques and tools for
the improvement of quality management,
–– Insufficient investment in education, and
training for quality,
–– Misunderstanding of the essence of the
struggle for the improvement of productivity.
Taking into account nowadays experience in
quality management approach, as well as these
problems faced by local organizations, it can be
concluded that the main problem is that there is
no required training and education for the quality, management and there is lack of education and
training for quality. This deficiency is visible on
the level of organization and at the state level.
Training and education are essential for the
quality of every organization. Since it all starts
from that point. Training for all employees, especially management-managers is required. There
must be a permanent improvement of the knowledge of life-long learing. For these reasons, every
organization should adopt a program of education
and training of management and employees (longterm and short term). The importance of training
and its role are very visible. The importance of
training and education for quality is essential for
the QMS (Quality Management System), and the
role is primary and crucial to improve knowledge
and skills of the employees and the management.
Volume 6 / Number 1 / 2011
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The role of training is to enable employees to understand better the demands of their job. The training can be initiated by all employees, especially
top leadership. The aforementioned research has
confirmed that the main reason for the training and
education is exactly the improvement of the complete business organization.
“Providing knowledge in order to find out how
the existing knowledge can be applied in the best
way, in order to produce results is, in fact, what we
mean by management” [3].
3. Competence of education and training
quality
The need for education and training for quality is expressed in the requirements of many standards. Competence is the most important factor in
the performance of any business, especially when
it comes in the field of education and training for
quality. The basis for competency is knowledge.
Knowledge is acquired through formal and informal education.
When we talk about education and training for
the quality, then the role of consultants and consulting companies is very significant. Since, the
competence is the main factor when we talk about
training and education for the quality, then in this
case, the question of their competence appears, as
well as the question , who confirms their competence. Still, this problem is not solved. The world
is developing industry consultants, so that the potential sale of all higher knowledge. The world is
arranged on this issue so they formed associations
of consulting companies. In Europe there is a national association consulting companies, according to which the members must meet, at a minimum, common criteria.
Very interesting are the results of a survey on
training people for jobs in the field of quality. The
research was conducted eight years ago. Answers
can be differentiated into three parts. The largest part, 70%, are those who responded that the
formal education did not qualified them for work
in the field of quality. Reasons which they noted
are that they didn`t study the programs with this
matter. The second group of response of 20%, are
the ones that formal education partially recovVolume 6 / Number 1 / 2011

ered, and only in the part of product quality control within individual subjects. The third group of
10% are those who have studied this issue only
in the post-graduate studies. This means, according to this study, formal education did not prepare
or didn`t prepare enough the personnel for jobs in
the field of quality, except at postgraduate studies,
and that the tested people gained their knowledge
in the field of informal education. Beginning from
self-education, over, attending and participating
in conferences and seminars, scientific meetings,
conferences, then, attending and completing the
domestic and international courses and schools
in this area. It is clear that in all these actions is
invested much effort, money and time and it is a
high capital value.
Today, after eight years from the aforementioned research, the situation is more favorable in
terms of formal education. This applies primarily
to higher education. Training in the field of quality
can be both postgraduated studies and the basic
studies, where there are scientific fields and disciplines such as management development, quality
management and similar to them.. A large contribution to this improvement gave the Bologna
Declaration. One of the three basic elements of
the Bologna Declaration is the quality. So in this
way, in many countries at almost all schools there
is the subject of quality management. In the field
of the secondary education there is also made a
progress. In some educational profiles system of
quality is an optional subject or this field studied
in the frames of some other subject.
Investing in training and education in our country is insufficient and should be much higher. It
is still chaotic and we should not be saving on it.
Investing in training and education must be treated as investment in capital goods. This was confirmed by results of the aforementioned research
on training and education for the quality.
“ We do not get knowledge cheaply. All developed countries spend somewhere about one fifth
of its gross national product on the production and
dissemination of knowledge” [2].
It is certain that the state must give more significant emphasis on quality, and thus the education and training for quality, because in this way it
paves the way to Europe and the world.
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4. Management education and training
quality
Management education and training is required
and must be an integral part of quality management systems and management.
However, here arises the most important issue,
when we talk about training and education for the
quality, and that’s the competence. Competency
refers to both the performers of the training (trainers) for quality, and on all types of training. It is
obvious and necessary the need for management
education and training for the quality. For teachers it is crucial to possess a combination of theory
and practice. For example, the teacher has to be
the evaluators of the quality system, and has to
have experience in introducing quality management system and to be theoretically prepared.
Above these, the teacher has to possess personal
characteristics, in order to present the knowledge
in understanding way and in an interesting way
of. It is also, very important, who will confirm the
competence.
This problem is not regulated in our country
and there is a possibility that the quality of training providers are not competent, and there is no
possibility to verify this fact. In order to solve this
problem, some suggest to do similar thing as it is
regulate on documents is regulated of IRCA-International Register of Certificated Auditors, the documents on the accreditation of organizations that
perform training. So the training contractor must
have: accreditation for the selected program documented and professionally selected documents, as
well as the accredited staff. Therefore you should
create a national system of registration and system
of independent monitoring of training, namely organize the competent organization to perform and
monitoring the training for quality in order to give
the licence to the competent one.
In order to solve the mentioned problems, we
first improve the quality of management at the
state level. It is essential that the state establishes
a quality infrastructure in accordance with international, regional and other standards, regulations
and directives. The basic elements of quality are:
metrology, standardization, accreditation, conformity assessment and market control. It is common
for all these institutions that they have to be the
38

institutions of quality, that they are nationally recognized organizations and that they such as that
become by the the exact set rules and standards,
the members of regional and international organizations. Continuous improvement of accreditation
is particularly important.
Management by education and by the training
for quality should be in accordance with the new
quality management philosophy, which is based
on principles. The principle of orientations towards the customer-user can be considered, that
is, treated as a business philosophy, but philosophy which transforms into action.
5. Conclusion
From the presented one can conclude:
1. In order to get the continuous improvement
of business, you need a management of
quality
2. There is no management of quality nor its
continuous improvement without its continuous training and education for the quality,
3. Management of education and of training
for quality is needed, as a process that is
integrated in the management of quality,
ie, management operations, in order to fulfil the desires of the customer-user by its
constantly improvement.
4. Education and training for quality should
be competent and they should be acquired
during formal and informal education.
5. The State should create conditions for normal operation of the economy, primarily by
improving the quality of its management
level.
6. Investing in education and training investment is a capital of goods.
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Mostar city icons – an
insider’s view Karadjozbeg
mosque and Old bridge
complex
Aida Idrizbegovic Zgonic,
Architecture Faculty Sarajevo, Bosnia and Herzegovina

Abstract
Karadjozbeg Mosque and The Old Bridge
complex, share a surprising amount of historic, architectural and material genes. Created by a powerful sponsor - Ottoman Empire, both structures
embody the elements of classical architecture of
their time, but their grandeur arises more from the
level of adaptation to local, specific conditions and
materials.
Period of construction, place, materials, people
in power – sponsors have all been the same in case
of Karadjozbeg Mosque and the Old Bridge. The
two historic icons share a joint history, recent destruction, but furthermore they share an outstanding process of restoration, and have reclaimed
their rightful status once again in 2004.
Meticulous and unprecedented process consisted of rebuilding of the bridge complex and dismantling and re-composition of the minaret. This
paper offers a unique insider’s view into restoration of both structures and their comparison, but
also emphasizes the educational component of the
restoration.
The main contribution of this article is the synthesis of experience and specific knowledge on
implementation details that contribute to new definition of authenticity – valid scientifically restored
structures.
Key words: Connections: History, Documentation Restoration, Materials, Education
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Fig. 1. The Old Bridge bellow and Karadjozbeg
Mosque above
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Connections
History
The grand vizier of Sultan Suleiman II The
Magnificent was Rustem Paša, who was also his
son in law - married to Sultan’s daughter Mihrimah. His family originated from a village in
vicinity of Mostar. During the reign of Sultan
Sulejman, Rustem Paša and his brother Zaim Muhamed beg Karadjoz were contributors to major
monumental buildings in Mostar. Karadjozbeg
Mosque was built in 1557, and The Old Bridge in
1566. Both works are connected to Mimar Sinan1
who was the head master builder for the empire
and chose his apprentice Mimar Hajrudin2 for the
task of building a stone single vault bridge. Two
historic city icons are a consequence of similar
historical circumstances – the expansion of Ottoman Empire, development of classical architectural style, strengthening of local governments and
regional styles and building experience.

Fig. 3. Historic photo Karadjozbeg Mosque
At the pinnacle of every civilization there is a
“classical” style most visible in architecture. As
the masterpieces were built in Istanbul, its reflections through the empire took form through local
masterpieces. Such were The Old Bridge and Karadjozbeg Mosque and its unique and inspirational
location – Mostar.
Both structures share a common idea – simple,
elegant shape, proportion and construction bravery.
General information – architectural features

Fig. 2. Historic photograph of the Old Bridge
1 The mosque is cited In three lists of Mimar Sinan works:
Tezklret ul-Bunuyan, No 1-72. Tezklret ul-Ebnlye No
1-75. and Tuhfet ul- Mlmartn No I-52; Source: Pasic.
A: “Islamic Architecture in Bosnia and Herzegovina”
STUDIES ON THE HISTORYAND CULTURE OF
BOSNIA AND HERCEGOVINA, NO.2 PC/94- ISBN
92-9063-050-7, Istanbul,1994. Organization of the
Islamic Conference (OIC) Research Centre for Islamic
History, Art, and Culture (IRCICA)Footnote 45, page 67
2 Source: Čelić, Dž; Mujezinović M; „Stari Mostovi u
Bosni i Hercegovini“(Old Bridges in BiH), Biblioteka
kulturno Nasljeđe ( Cultural heritage library), Sarajevo,
Veselin Masleša,1969. Page 185
Volume 6 / Number 1 / 2011

Consistency vs. continuity
Consistency. The architecture of Karadjozbeg
mosque is within strict geometrical shapes and
proportions, a perfect square (10.30 m x 10.30 m)
and semicircle with straightforward lines of symmetry. The height of the dome is 16 meters and
is 50 cm thick made out of travertine stone. The
minaret is 35 meters (at the peak) made out of
tenelija stone.
Continuity. The Old Bridge Complex, on the
other hand has an organic shape adjusted to the
41
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river banks and many historic layers of structures
one on top of the other, reclaiming the site for six
centuries. On the site (shown here in dark green)
was the location of a bridge before “The Bridge”.
Besides the structural aspects of the bridge it is the
most important feature of the entire complex and
one of the strongest arguments for inscription on
the UNESCO WHL.

Documentation level
The importance of precise record of existing
condition, as well as detailed project design documentation has proven essential for the establishment of scientific and educational component of
authenticity, as a new value in restored objects.
Karadjozbeg Mosque minaret
The example of Karadjozbeg Mosque minaret
is chosen as a representative part of the documentation. to show the record of each stone and all of
the cracks and imperfections, which has been an
essential tool in decision to undertake more extensive intervention in order to restore the structure.

Fig. 4. Above right. Floor plan of Karadjozbeg
Mosque, made in 2003. The drawing demonstrates the striking regularity of the structure.

Fig. 5. Bellow: Historical continuity and different stages on the site of The Old Bridge complex since
the late mideval times.All is precisely documented in the on site archeological excavations of Omega
Engeneering, Dubrovnik, in the period of 2003 -2004, PCU reports
42
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Table 1. - Comparison
Elements

Old Bridge complex

Karadjozbeg mosque

Built

1566

1557

Sponsor

Sultan Suleiman, Rustem paša, HadžiZaim Muhamed beg Karadjoz as general
supervisor for taxes and building

Sultan Suleiman, Rustem paša, HadžiZaim Muhamed beg Karadjoz as main
contributor

Architect (builder)

Mimar Sinan’s apprentice- Mimar
Hajrudin

Mimar Sinan (as head master of
building at the time of Sultan Suleiman)

Materials

Tenelija soft ivory stone, lime mortar and
iron clamps

Tenelija soft ivory stone, lime mortar
and iron clamps

Architecture

The vault of the bridge spans 28.7 meters
and the vault is only 77 cm thick

The minaret is 35 meters high and its
walls are 30 cm thick at the shaft.

Date of re -opening

23.07.2004

22.07.2004.

Sponsors

World Bank loan and Donations of
Holland, Italy, Turkey, Croatia, and
Council of Europe Development Bank

IRCICA - Isar Waqf, Donation of
Sheikh Zeki Yamani, AKTC/WMF

Principal Design

General Engineering Florence, ERBU additional detail drawings, Omega
Engineering for Towers and alterations,
Infinitinet – design verification and
technical Control

Zavod za zaštitu kulturno historijskog
I prirodnog nasljeđa Mostar in
cooperation AKTC/WMFstaff

Supervision

International Committee of Experts
UNESCO – Overall Supervision, Omega
engineering, Dubrovnik and PCU as
project Coordination

Zavod za zaštitu kulturno historijskog
I prirodnog nasljeđa Mostar in
cooperation AKTC/WMF staff

Implementation
Contractors

Bridge Construction: ERBU, Turkey
Yapi Merkezi, Turkey, Kara-Drvo, Fojnica
(stone cutting), ŽGP Sarajevo scaffolding,
Materials testing by LGA Nuremberg,
IGH Zagreb
Consortium for Towers: HP Investing,
Gradjevinar Fajić, Kara-Drvo, Fojnica.

Building works: Kara -Drvo, Fojnica
Interior decoration paintings by Nakkas,
Istanbul, Turkey

Restoration issues

Complex repetition of traditional
techniques in the strictest facsimile
reconstruction of the bridge and
restoration of Towers

Dismantling and re-composition
of minaret and interior painting
restoration, grouting of the dome and
porch reconstruction

Duration of
implementation
works

Actual on site works: 2002-2004

On site works: 2003-2004

Documentation level

Record of geometry, individual existing
and new cut stones, rigorous inspection of
new stones and connection materials

Detailed record of each individual
stone of the minaret, with cracks and
materials, record of each dome crack,
interior paintings
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Documentation Old Bridge Complex
The most important part of the documentation
of the Old Bridge was not the initial record of existing condition or even the project itself but the
very reconstruction process and scientific and historic research that is authentic and transparent.
UNESCO report states: ...“qualities of the
site’s construction, after the extremely ravaging
war-damages and the subsequent works of renewal, have been confirmed by detailed scientific investigations. These have provided proof of exceptionally high technical refinement, in the skill and
quality of the ancient constructions, particularly of
the Old Bridge“.
The modern technology was used for monitoring of the behavior of the structure, its geometry
and scientific confirmation of the results such as
laboratory testing of the original and new material
like stone, iron clamps and mortar.
Fig. 6. Left: Photo of the condition prior to restoration, the traces of Miljevina (lower quality
soft lime stone) is quite visible.

Fig. 8. The drawing of Halebija Tower

Fig. 7. Right: detailed „unfolded “elevation
drawing showing the cracks in red and different
repairs in yellow and blue. Grey areas show replaced pieces of stone on the surface – like tiles.
44

The Towers Tara and Halebija and surrounding
5 objects were also the subject of restoration of
the Complex. Halebija Tower was more damaged,
and carried marks of different historic periods.
The walls were made out of rubble type mix of
predominantly hard lime stone.
Volume 6 / Number 1 / 2011
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Fig. 9. The drawing shows clear geometric imperfections of the Old Bridge, with detailed record and measurements of each stone
Restoration and reconstruction – specific
details
Karadjozbeg Mosque
Minaret was still standing up to the sherefe
area, and the dismantling begun from the heaviest
and most valuable stones, one by one the clamps
were cut, and one stone at the time was lowered
into the courtyard and placed upside down order
as shown on the photo.
Each stone was marked, protected and all of the
remains of mortar were cleaned, as well as the rust
from the clamps.

Volume 6 / Number 1 / 2011

Fig. 10., 11. Serefe dismantled, from the first
stone to the entire element placed upside down in
the courtyard. Karadjozbeg Mosque, 2004
The minaret was the most damaged part of
the building, and its restoration is quite complex.
Rings of the minaret show deformation on the
shaft cca 8 cm off the center. At the area where
stones of lower quality were inserted (miljevina),
but also because it was not interconnected showed
significant “bulging” of the shaft.
The structural calculation has shown that the
best solution would be dismantling and re-composition of the minaret, but also from the restoration
point of view, in order to restore and repair previous
work of lower quality. So the entire minaret up to
its sone part – waist has been dismantled stone by
stone, marked, photographed and eventually placed
in its correct position. The entire upper section above the sherefe had to be reconstructed, some of
the original stones were still in the courtyard.
The dome and the tambour were damaged in
the war, hit by a granate that left behind a gaping
hole. The dome has been fitted with a reinforced
concrete ring at its base in 1996.
This intervention stabilized the structure, but
the RC ring is an intervention stays as a testament
to the post war approach to interventions.
During 1999 tests on the cracks were made
with insertion of glass pieces in order to follow
the movement of the dome. The tests have shown
that the intervention made in 1996 (when an reinforcement ring was made) stabilized the dome and
that there were no further cracks. During the 2004
intervention the dome was restored by grouting
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with lime based fluid (with brick dust) of all visible cracks. The missing parts of plaster of the interior of the dome were covered with lime mortar
of finest quality for later restoration of paintings.
The mortar was applied in two layers. The first
layer was so called „rough“ mortar: lime mortar
mixed with cut and dried grass ( cut into 1 to 2 cm
long pieces, brick dust) and second so called fine
mortar with 0 – 2 mm granulation.

Fig. 14. Photographic documentation of the
dome before the works, 2003

Fig. 12. Graphic documentation, record of pre
- existing condition and geodetic survey by IGA
PLAN, 2003.

Fig. 15. Geodetical survey of the Karadjozbeg
dome, showing all the cracks, 2003
Old Bridge – layers above the vault

Fig. 13. Placement of the reinforcement for the
concrete ring around the dome, 1996.
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The reconstruction and restoration process
were a powerful learning tool, not only as brave
and elegant structures but also in revealing many
details, and tricks of ancient builders. One of the
most interesting was: top layers of the bridge (on
top of the vault) were a thick layer of lime mortar
to even out and connect the whole structure and as
a protection layer for the “hydro isolation” of the
bridge that consisted of many layers of a mixture
of Terra Rosa and lime mortar, hand pressed, that
Volume 6 / Number 1 / 2011
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serves as the medium for placement of the walkway stones. The top stones are made out of hard
lime mortar that is resistant to wear, and gets polished and shinier as time passes.

Fig. 18. Photo left: Original stone pavement
numbered and documented before the reconstruction in 2002
Fig. 16. Left: Coating of the vault with lime mortar, 2-3cm thick,

Fig. 19. Photo right: return of the original numbered pavement to its position, spring 2004
Fig. 17. Right: the specific red clay and mortar
mixture for the hydro isolation and under pavement, placed in several layers up to 7 cm thick
than hand pressed as shown on the photo.

Volume 6 / Number 1 / 2011

The iron wrought clamps and molten lead
The clamps - connections between the stones
placed as four parallel, hand-forged strips lined
one after the other and ran over the entire arch. The
clamps ended with a trapeze –like shape that ensures
additional safety of the connection. The iron clamps
were inserted into precisely chiseled holes about
1 cm deep and fixed with hot molten liquid lead.
The subsequent row was also interconnected with
vertical iron dowels 1,5 cm thick, as shown on the
drawing.

47

technics technologies education management

Fig. 20. Drawing shows the iron clamps and dowels and interconnection between the rows.

Fig. 21. Photo right: pouring of molten lead into
holes. The holes were dried with heaters prior to
pouring of the lead, since the lead in contact with
water does not connect well and springs out.
Masonry – Stone walls
Straight cut The stones on monumental objects
such as Mosques and Old Bridge were made out of
precisely cut stones with minimum joints (2 mm).
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In case of Karadjozbeg mosque the first (bottom)
meter of the walls was built with river conglomerate stone called breccia and upper portions are
with soft lime (tenelija). This was in order to prevent the capillary moisture, since the soft lime
stone is highly susceptible to water saturation.
Rubble stone masonry The supporting structures (Towers and adjacent objects) were built
from partially refined and rubble stone. The walls
of the Towers are up to few meters thick (mostly
1-2 meters), and the technology for this type of
masonry is specific. The wall is built as “double
skin wall” with an inner middle layer of smaller
rubble stones and enormous quantities of lime. In
order to fill the gaps in the walls, part of the lime
is still left in raw state, poured into the middle
section as unburned lime, and then by addition of
sand and water the lime expands filling in all the
gaps and strengthening the walls.
Corners and cornices Corner stones have a
visual and structural role, are usually hard lime
stones, more or less polished, obligatory in all
rubble masonry construction. The cornice is usuVolume 6 / Number 1 / 2011

technics technologies education management

ally refined, with decorative element, but it has an
important structural role, to tie up the upper parts
of the walls at the roof level. All cornice elements
are interconnected with clamps.
Joints The mortar for joints is of same make up
as the mortar for building. In the case of the Towers mortar was combined with small to medium
granulation river stones from 0.3 to 1.0 cm granulation for visual purpose only, in order to blend
more with the surface stone. After the mortar was
applied, before drying, the joints were rubbed with
rough brushes to remove the excess of mortar and
expose the small river stones inside it.

Materials
Tenelija – lime stone of medium softness,
wrought iron clamps fixed with molten lead, lime
mortar with brick dust are essential components of
both of these structures. Tenelija is an exceptional
stone, easy to cut and shape, and performs better
over time because of its porosity and ability to absorb the connection material (mortar).Quarried
from the original place and relatively light, tenelija
stone is the primary reason for the success and stability of the minaret and bridge. Tenelija is Ooid
limestone, made of individual, tiny limestone balls.
Its performance under pressure is in the range of 25
i 45 Mpa, depending on the moisture of the stone.
This limestone, called is a rare and regional specialty from the region around Mostar.3 Fresh from
quarry tenelija is yellowish and after a while it turns
ivory and over time the patina is white-grey.

Fig. 23 Left: Example of freshly cut tenelija
stone and the original with patina. After 6 to 7
years since the reconstructions, the new stones
turned greyish but are still recognizable

Fig. 24. Right: The „soaking“ of tenelija blocks
ready to be built into the vault structure of the bridge
Fig. 22. Corner of the building, part of the Old
bridge Complex, shows the rubble tone masonry,
joints, corner stones and cornice.
Volume 6 / Number 1 / 2011

3 According to the laboratory tests conducted by IGH
Zagreb http://www.igh.ba/pdf/Radovi/Specificnosti%20
kamena%20Tenelija%20i%20Miljevina.pdf
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The lime mortar, stirred much debate among the
restoration experts, has a simple formula, lime putty (5 years old), yellowish river sand, and grinded
brick dust to contribute to the initial stiffening of the
mortar. The pulverized brick came from yellowish
bricks, while the one for the pavement was from
reddish bricks just like the photo bellow. The ratio
(vault) was 1 (lime putty):1(sand):1.5 (brick dust).

Fig. 25. Photo: Lime, sand and brick dust, components of lime mortar, by author in 2004.

The two prominent examples have also demonstrated the power of meticulous and detailed
documentation. Their restoration and reconstruction works were closely monitored, recorded and
based on survey, research and traditional craftsmen
building experience. By rebuilding the bridge, and
re-composition of minaret, we have traced and
awed at the skill of the 16th century builders.
Not one single record but the collection, sublimation of all of these specificities on materials,
details and restoration contribute to the future
practice and education of the professionals.
Most important is that Mostar in general, but
also the two projects have pushed boundaries and
once again questioned the notions and of authenticity and historic, cultural, architectural value of
restored and reconstructed objects.
Photos and drawings sources

Conclusion
The physical and symbolic characteristics of
these structures have not been lost through reconstruction and repair, but to the contrary they are
more present than ever. The reason for this lies in
their reconstruction and education process. Educational component is one of the essential values generated from the actual implementation of works.
Not only the general knowledge and respect for
heritage, but specific technical knowledge that has
been lost for generations. The works on the Old
Bridge and Karadjozbeg Mosque came at the end,
as crown jewels of the general Old Town rehabilitation process.

Drawing or photo by the author of the article
unless stated otherwise:
–– Fig. 1 Map excerpt from the Master Plan
for Old Town in Mostar AKTC/WMF 2002.
Map excerpt from the Master Plan for Old
Town in Mostar AKTC/WMF 2002.
–– Fig 2 Old Bridge, Archive AKTC/WMF,
PCU from the 1960-ties
–– Fig.3 Source: Karadjozbeg Mosque, Pašić,
A. Islamic Architecture in BiH, IRCICA;
Istanbul 1994; Pg. 52,
–– Fig. 5 Historic layers of The Old Bridge
Site, made by Prof. Željko Peković, Most
Art Publication by PCU
–– Fig. 8 Drawing Project design for Towers:
Omega Engeneering, Dubrovnik
–– Fig. 9 Drawing Project design: General
Engineering Florence,
–– Fig.13 Photo courtesy of Museum of
Hercegovina, Zlatko Zvonić
–– Fig. 18, PCU Archive

Fig. 26. Restoration of an alem on the porch of
Karadjozbeg mosque, June 2004
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–– Fig. 20 Drawing by: General Engineering
Florence, ER-BU
–– Fig.24 PCU Photo Archive
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Abstract
For remediation of existing landfills, it is important to determine additional physical and mechanical characteristics of waste. However, for
more precisely defining of modelling and numerical simulation of long-term settlement, the most
important thing is parameters determination of
compressibility and consolidation of the municipal solid waste material. In contrast to the natural
soil, where the settlement mainly takes place due
to initial compression and primary consolidation,
waste material settlement takes place for the duration of the landfill’s active life. Because of that,
it is very important to determine secondary compression index Ca and modified secondary compression coefficient Ca' of the waste material.
This paper presents the values of compressibility parameters obtained by laboratory tests, which
are performed on samples that have been taken
from the old municipal solid waste from Ada Huja
in Belgrade, Serbia.
Key words: Municipal solid waste (MSW),
compressibility, secondary compression, primary
compression.
Sažetak
Za modeliranje i numeričku simulaciju dugotrajnog sleganja deponije komunalnog otpada, od
najvećeg značaja su parametri stišljivosti i konsolidacije. Za razliku od prirodnog tla, gde se sleganje
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najvećim delom obavi u fazi inicijalne i primarne
konsolidacije, kod komunalnog otpada sleganje
se dešava u toku čitavog trajanja deponije, pa
glavnu komponentu ukupnog sleganja predstavlja sekundarna kompresija. Zato je određivanje
indeksa sekundarne kompresije Ca   i koeficijenta
sekundarne kompresije Ca' komunalnog otpada
posebno važno.
U radu se prikazuju parametri stišljivosti komunalnog otpada koji su dobijeni laboratorijskim
ispitivanjima uzoraka uzetih sa deponije na Ada
Huji u Beogradu.
Ključne riječi: Čvrsti komunalni otpad,
stišljivost, sekundarna kompresija, primarna kompresija.
1. Introduction
Determination of the numerical indicators of
the physical-mechanical behaviour of the municipal solid waste (especially mechanical properties)
is a complex process due to the following: changeable and heterogeneous composition of the waste
which is porous and unsaturated, difficult sampling and testing of the representative samples,
non-existence of a generally accepted methodology of sampling and testing, considerable changes
of the characteristics depending on the time i.e.
state of decomposition of the waste etc.
There is legislation in various countries worldwide which define the conditions for disposing of
the municipal solid waste. Within this legislation,
Volume 6 / Number 1 / 2011
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concrete numerical data can be found which describe the behaviour of the municipal solid waste.
It is necessary to cease the use of the geomechanical parameters such as shear strength and the deformability characteristics, based on the literature
data. But, it has to make research and evaluation
and to determine the domestic correlations based
on results of those tests. Data on physical-mechanical characteristics of the waste that are often
found in literature are mainly based on empiric
and/or limited field research. That is why this is
one of the bigger challenges for the majority of
global researchers (and which can be seen based
on the research conducted in recent years: H. Li
Park [1], S. L. Machado [2], Md. S. Hossain [3],
N. Dixon [4], D. P. Zekkos [5]), in the sense of
defining physical-mechanical characteristics of
municipal solid waste.
Research shown in this paper has been conducted in the Laboratory for Soil Mechanics at the
Faculty of Mining and Geology of the University
of Belgrade. This is the first time this type of research has been conducted in Serbia.
2. Basic geological characteristic of the
location
Location of an old municipal solid waste dump
for Belgrade area on Ada Huji is officialy closed
in 1978. This closing is meant only covering of
waste by inert material, without recultivation and
using of modern materials and techniques of closing. Therefore, the practice of uncontrolled disposal has been continued even after closing, and
some parts of the landfill are still place for construction waste dumping.
The current appearance of the site has approximately rectangular shape with longer side of over
500 m, while the shorter side length is 300 m. Location is limited with Danube river, from North, to
a distance of about 100 m. Boundaries between the
landfill and natural terrain are relatively steep slopes
of the landfill with dips of 30 – 40˚. During field research, for the purpose of shopping center construction on the location [6], 21 prospecting boreholes
are drilled, with a total drilling depth of 331 m. In
addition to prospecting drilling, 31 static penetration tests were carried out, with an overall soundVolume 6 / Number 1 / 2011

ing length of 473,4 m, of which 364,4 m are from
the surface of natural terrain (alluvial sediments of
Danube river) and the remaining 109 m from the
surface of the landfill. Seven prospecting pits were
carried out from surface of landfill (Fig. 1).

Fig. 1. Terrain situation with the location of
prospecting boreholes, CPT and open pit
Wider part of location is built by alluvial sediments of Danube river: younger terrace deposits, beds, and alluvial fills of various categories.
Natural terrain on the landfill location was built
by younger alluvial sediments that are deposited
in aquatic environment in periodic floodings during high water level of Danube river. In surface
part of the terrain alternately take turns unconsolidated silty and sandy clays (CH, CL-CI, MH)
in both directions, vertical and horizontal, which
are enriched with organic matters in some intervals. Sediments of bed are deposited below them
and they are represented by light gray sands and
silty-gravely sands (SP, SU-SF, SU), within which
occasionaly occurs organic matter in form of partially decompoused remains of plants. At this location, locally, are also noted sediments, who are
created in an abandoned branch of Danube river.
Characteristic geotechnical cross-section of the
terrain with basic physical and mechanical parameters of layers is shown in Figure 2.
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Fig. 2. Characteristic geotechnical cross-section
of the terrain I-I’
3. Method for samples preparation and
equipment for testing
Conventional method for laboratory determination of deformability and consolidation characteristics is performed by the oedometer testing. The
underlying problem for performing oedometer tests
is securing the necessary ratio of the particle size
composition of the tested material, in this case municipal solid waste, and dimensions of the equipment that is used. As a rule, soil mechanical laboratories have the available equipment that will enable

testing of the samples Ø7.0 cm in diameter and h =
2.0 cm in height, and rarely Ø10.0 cm in diameter
and h = 4.0 cm in height. Recommendation which
has been included as part of the European standard
requirements (EN 1997-2 [7]) is the ratio of the
smallest dimension of the sample (in this case the
height of the sample) to the largest dimension of the
non-homogeneousness (size of the largest particle)
as h/5, where h represents the height of the sample.
Another required characteristic during the oedometer testing is the dimensions of the equipment i.e.
the ratio of the diameter and height of the tested
sample. This ratio should be greater than 1:2.5.
Compressibility of the municipal solid waste
was performed with the oedometer equipment of
Ø20 cm in diameter and h = 8 cm in height (Fig.
3). The ring itself is made of Beryllium-Bronze,
resistant to the corrosive effects of the waste samples being tested.
With municipal solid waste, it has to be said
that there is no internationally accepted standard
sampling and testing procedure, primarily due to
its extreme heterogeneousness. This is the reason
why most of the testing is performed on artificially
prepared samples, bearing in mind the percentage
content and shape of individual components of the
waste.

Fig. 3. Construction of oedometer apparature
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Complete cores from two boreholes taken from
the closed municipal waste landfill site at Ada Huja,
Belgrade were used in preparing the samples.
Preparation of the samples included previous
homogenisation certain components of the waste.
Composition of the waste expressed through the
percentage of the mass of basic components and
subsequent particle-size analysis has been performed on a sample prepared in this way (Fig.
4). Percentage of the mass of soil material was

the greatest, which is quite common in old waste
(landfill was closed in 1978), as the process of biodegradation is mostly completed.
By ignition loss tests the content of burnable
matter in the range of 13.0-13.8 % was obtained.
Natural moisture content was determined by drying the samples taken directly from the core of the
boreholes at temperatures of 600C, and average
values obtained were in the range of w = 31 - 39
%. One of the samples, however, had the value of

Fig. 4. Composition and particle size distribution curve of a waste sample
Volume 6 / Number 1 / 2011
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68 %, which indicates local fluctuations of moisture in the landfill. Specific gravity of the waste
was calculated based on the relationship suggested by Skempton and Petley [8].
Gso =

G s ⋅G

p

( G s − G p) ⋅ P + G p

where
Gs0– Specific gravity of the waste
Gs – Typical value of the specific gravity of the
mineral component (2.55–2.75)
Gp – Specific gravity of the organic component
(1.4)
P – Percentage of soil loss due to ignition
Specific gravity of the tested waste samples
calculated in this way (2.35 – 2.37) has also been
used to determine void ratio е.
4. Compressibility parameters of municipal
solid waste
Consolidation theory which is used in the soil
mechanics is applied to the municipal solid waste
as a rule, meaning that the same parameters are
used. From this it follows that the total settlement
is calculated as a sum of the initial (due to the initial
compression and primary consolidation in the classical view settlement) and secondary settlements.
During the calculations, up to the activation of
the secondary settlement, primary compression
index Cc or primary compression coefficient Cc’,
are used. These are dependent on the changes of
vertical stress and are determined by the following
equations:
Cc =

De
;
lo g ( s ' v1 / s ' v 0 )

Cc ' =

Cc
DH
=
H 0 ⋅ lo g ( s ' v1 / s ' v 0 ) 1 + e 0

where:
е0 - initial void ratio,
Dе - change of the void ratio,
s’v0 - initial effective vertical stress,
s’v1 - final effective vertical stress,
H0 - initial height of the waste layer, and
56

DH - change of thickness of the waste layer,
i.e. waste settlement
Secondary compression happens throughout the
“active life” of the waste landfill and represents the
main component of the total settlement. Secondary
compression includes all “hidden” effects such as
degradation, regardless of whether it is chemical or
biological. For this reason, secondary compression
index Ca or secondary compression coefficient Ca'
are used for evaluation of settlement following the
completion of the primary phase:
Ca =

De
;
lo g (t 2 / t 1 )

Ca ' =

Ca
DH
=
H 0 ⋅ lo g ( t 2 / t 1 ) 1 + e 0

where t1 and t2 represent the time at the beginning and at the end of the secondary settlement.
Based on the parameters shown, total settlement is calculated, bearing in mind that the mechanics of the total settlement are quite complex.
There are several reasons for this complexity, such
as settlement of the waste due to its own weight
and the weight of each next layer, reduced values
of the secondary compression coefficient during
time, different speed of degradability which in
turn causes differential settlement in a relatively
small zones, settlement of the landfill’s bed etc.
Long-term behaviour of the municipal solid waste
can be shown through a qualitative model (Fig. 5),
where secondary settlement is expressed in four
characteristic phases (II – V) [9].

Fig. 5. Qualitative model behavior of MSW in
time (M. Grisolia [9])
Volume 6 / Number 1 / 2011
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5. Results of laboratory tests
To determine numerical values of the abovementioned parameters (Cc, Cc’ Ca and Ca'), laboratory tests have been performed on artificially
prepared samples with unit weight g = 10, 10.5
and 11 kN/m3. Load has been added inceremental
over relatively long periods of time and intensity
of vertical stress was s1’ = 10, 30, 50 and 150 kPa.
The results of tests for increments of stresses s1’ =
10, 30, 50 and 150 kPa, are shown on Fig. 6.

By comparing this to the model shown on Fig.
3, it can be concluded that the laboratory tests included phases II and III, which have the highest
settlement. Considering the type of deformation,
from the part of the diagram corresponding to the
phase II, minimal secondary compression index
(Camin) value has been determined, whilst part of
the diagram corresponding to phase III, maximum
value (Camax) is evaluated.
To determine deformation corresponding to
the primary settlement, so called Taylor’s metod

Fig. 6. Compressibility diagram for loading s1’ = 10, 30, 50 and 150 kPa

Fig. 7. Compressibility diagram for loading s1’ = 50 and 150 kPa (Taylor’s metod)
Volume 6 / Number 1 / 2011
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Fig. 8. Secondary compression dependency on unit weight and consolidation stresses

Table 1. Published refuse compressibility parameters (Complied from Fasset 1994[10], Landva 2000
[13], and Rakić [16])
Reference

primary compression index Cc

secondary compression index Ca

Sowers, 1973

0.1-0.41

0.02-0.07

Zoino, 1974

0.15-0.33

0.013-0.03

Converse, 1975

0.25-0.3

0.7

-

0.013

Rao et al, 1977

0.16-0.235

0.012-0.046

York et al, 1977

0.08-0.21

0.02-0.04

Landva et al, 1984

0.2-0.5

0.0005-0.029

Burlingame, 1985

0.15-0.35

0.04

Oweis and Khera, 1986

0.08-0.217

-

Bjarngard and Edgers, 1990

-

0.004-0.04

Lukas, 1992

-

0.001-0.024

Wall and Zeiss, 1995

0.21-0.25

0.035-0.056

Gabr and Valero, 1995

0.2-0.23

0.015-0.023

Boutwell and Fiore, 1995

0.09-0.19

0.006-0.012

0.16

0.02

-

0.01-0.08

0.17-0.24

0.01-0.016

0.279-0.463

0.0042-0.0337

Chang and Hannon, 1976

Stulgis et al, 1995
Green and Jamenjad, 1997
Landva et al, 2000
D. Rakić et al, 2010 - Present study
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showing deformation as a function of square root
of time i.e. De = f( t ) was used (Fig. 7). Based
on this, a compression diagram corresponding to
the initial phase was constructed and it was used
to determine primary compression index Cc and
primary compression coefficient Cc’.
Calculated values of secondary compression
index are within Camin=0.00127-0.0081, and Camax
= 0.0042 - 0.0337 intervals (Fig. 8).
Results obtained have shown relatively good
coincidence with average values of these parameters found in literature and which are typical for
waste older than 10 years (Table 1) [4], [10], [11],
[12], [14], [15].
Obtained values primary compression index are
in the interval of Cc = 0.279-0.463. This parameter
has also shown relatively good coincidence with
average values published in well-known international literature (Table 1).
6. Conclusion
This paper has shown that regardless of extensive heterogeneousness of municipal solid waste,
conventional methods of testing and research
which are normally used during the soil testing,
can be used during municipal solid waste testing
as well. Based on those tests, its settlement can
also be calculated. However, during these tests, it
is necessary to pay particular attention to the representativeness of the samples which need to be in
accordance with the observance ratio.
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Analyzing End Effect of
Single-Sided LIM by Using
Wavelet Filter Bank
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Abstract
The linear induction motor (LIM) applications have been increasing with developing
technology day by day. In order to increase system performance and efficiency, LIM applications
have been preferred. Concurrently, researchers
have focused on LIM. In this study, end effect of
single-sided LIM is analyzed. Firstly, non-sinusoidal magnetic flux of the secondary surface was
measured by measurement coils placed in the secondary block. After placing end coils at entry and
exit side of primary, magnetic flux values were
remeasured. Measured magnetic flux values decomposed two components (end effect and main
signals) by means of discrete wavelet transform in
operating with end coils and without end coils. The
second level decomposition of measured magnetic
values was carried out by Simulink wavelet filter
bank and then approximation and details coefficients of magnetic flux were obtained. To get end
effect signal, details coefficients and to get main
signal, approximation coefficient were synthesized respectively. It was observed that placed end
coils reduced entry and exit end effects.
1. Introduction
Linear motion electric machines are relatively
new component compared to rotating machines.
But, LIMs are finding applications very rapidly,
mainly because of the absence of gears or rotary-tolinear converters. In many applications, these machines operate as linear motors and are very reliable.
Linear Induction Machines attracts significant
attentions from various sectors of industry such
Volume 6 / Number 1 / 2011

as military, transportation, automotive, and aerospace. These machines benefit from a relatively
simple structure and promise to offer high grade
performance over a broad range of operational
conditions. Although, this family of machines portray inherent similarities with their rotary counterparts distinct differences in their electromagnetic
behavior would prohibit a direct migration of existing control strategies that are routinely used for
rotary induction drives [1].
In this application, steel secondary having same
primary width is used. Magnetic flux distribution
of secondary surface was analyzed by means of
Matlab (Simulink and Wavelet Toolbox) in operating with end coil and without end coil.
For simulation, db3 analysis and synthesis filter bank were preferred. Initially second level decomposition was carried out, in this manner D1 ,
D2 detail and A2 approximation coefficients were
obtained. Then, end effect signal was obtained by
means of reconstruction of details coefficients and
main signal were obtained by means of reconstruction of approximation coefficients.
2.  Structure and End Effect of Single-Sided
Linear Induction Motor (SLIM)
Single-sided linear induction motor (SLIM)
comes from the rotate induction motor (RIM).
The most common of the SLIMs is the polyphase
SLIM. As in a rotary polyphase induction motor,
the air gap magnetic field in a polyphase SLIM is
a traveling magnetic field. The air gap field of an
SLIM, unlike that of a polyphase rotary induction
motor, often has a forward component, a backward
61
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component, and a pulsating component owing to
the discontinuities in the magnetic circuit. [2].
The most obvious advantage of linear motors is
that they have no gears, and require no mechanical rotary-to-linear converters when translation of
payload is concerned. The SLIM has many advantages such as simple structure in place of the gear
between the motor and the motion devices, reduction of mechanical losses and the size of motion
devices, silence, high starting thrust force, and
easy maintenance, repairing, and replacement. But
for high precision motion performance, the friction
problem is one of the significant limitations. Common single sided linear induction motor (SLIM)
with short primary is shown in Fig.1 [3].

3.  Wavelet Transform and Filter Bank
Wavelet transform, which was put forward by
the mathematicians at first, is a signal processing
technique. The Wavelet technique can be applied
to various fields such as applied mathematics, signal processing, sound and picture compressing
techniques [6].
The procedure starts with passing the discrete
signal s(n) of length N through a high pass filter
with impulse response h(n) , and through a low pass
filter with impulse response g (n) [7]. The output
of the high-pass filter and low-pass filter constitutes
one level of decomposition of the discrete signal. It
can be mathematically expressed as [8],
D01 (n) = ∑ s (k )h(2n − k )
k

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

Similarly;
A01 (n) = ∑ s (k ) g (2n − k )
k

Fig. 1. Geometry of single-sided linear induction
motor.
The end effect generates, because both the primary windings and iron core of SLIM are off. The
primary is limited, leading to the first kind of vertical end effect primarily. The air-gap magnetic
field has not only positive traveling wave, but also
has alternating oscillating wave. The second kind
of vertical end effect is owing to flux aberrance
when secondary windings of the running SLIM
enter and leave primary fields, causing additional
power loss and low performance of SLIM [4].
Static end effects are introduced because of an
inevitable unbalance in the phase-winding impedances. Thus, unbalanced currents flow in the various phases even when balanced voltages are applied at the terminals. The static end effects cause
additional losses and a reduction in the thrust of an
SLIM. The static end effect, which will be present even when the secondary is at standstill and
the dynamic end effect is absent, is amplified by
the dynamic end effect, which distorts the fluxdensity distribution in the air gap, causing more
unbalance in the flux linkages [5].

The φ j , k (t ) and ψ j , k (t ) expansion functions do
not appear in this expressions. This is advantage
for realizing simulation with a digital bank structure in computer environment [9]. The sequences
and A01 (n) are then decomposed further in
the second stage of the wavelet packet decomposition tree
D01 (n)

D12 (n) = ∑ A01 (k )h(2n − k )

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

A12 (n) = ∑ A01 (k ) g (2n − k )

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

k

k

s (n) = D01 (n) + A01 (n)

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

A01 (n) = D12 (n) + A12 (n)

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

s (n) = D01 (n) + D12 (n) + A12 (n)

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

The decompositions from the sequence sni (n) at
stage i into the sequences Dmi +01 (n) and Ami +11 (n) at
stage i + 1 using the two decomposition quadrature
ﬁlters are given by
Dmi +01 (n) = ∑ smi (k )h(2n − k )

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

Ami +11 (n) = ∑ smi (k ) g (2n − k )

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

k

k
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5.  Experiment and Simulation Results

Fig. 2. Two stage filter bank a) analysis b) synthesis
Two stage analysis filter bank structure is
shown in Fig. 2-a. D1 and A1 are details and approximation coefficients at scale index j − 1 , D2
and A2 are details and approximation coefficients
at scale index j − 2 [8].
The reconstruction of the original signal from
the wavelet coefficients is shown in Fig. 2-b. The
approximation and detail coefficients at every
level are up sampled by two, passed through the
low pass and high pass synthesis filters and then
added. We start with the two sets of coefficients
A2 and D2 at scale index j − 2 and produce the
coefficients A1 at scale index j − 1 then A1 and D1
coefficients produce the discrete signal F [9,10].
üüüü
j −1, k = ∑ ψ ( − 2 ) j − 2, n + ∑ φ ( − 2 ) j − 2, n . ....(11)

n
n


 


A1
D2

A2

f (n) = ∑ gφ (n − 2k ) Aj −1, n + ∑ gψ (n − 2k ) D j −1, n . .... (12)

n
n
F


 


A1

D1

F = A1 + D1

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

The downsamplers are replaced with upsamplers and the analysis low pass filter hφ (−n) and
high pass filter hψ (−n) are replaced with synthesis
low pass filter gφ (n) and high pass filter gψ (n) [8].
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In this application SLIM was operated unload
and primary voltage was 76,5 V, frequency 35,55
Hz and both of them was fixed during the experiment process. It is shown that 86 holes with 10
mm diameter were composed at center row in secondary in Fig 3-a.
At the SLIM, in order to place measurement
coils, holes made on the surface of the secondary. Distance between two holes, is 10 mm. In
this study special measurement coils were used to
measure magnetic field of steel secondary of the
SLIM. The diameter of the measurement coil is
9 mm and the diameter of the cooper wire is 0,20
mm. Winding turns are 10. 86 measurement coils
were placed in these holes and than required measurements have been carried out. Induced voltage
values in these coils were transferred to computer
by means of a multiplexer.
Induced voltage values were transformed to
magnetic flux values for evaluating of graphs.
Eq.(14) was used for calculation

φm =

U
....................... (14)
4, 44. f .N m

In this equation φm is the magnetic flux in the
measurement coil, U is the primary line voltage,
f is the frequency of line voltage, N m is the winding turn of the measurement coil [11].
Single sided linear induction motor was used
in experiment is shown in Fig. 3-b.
Connection scheme of SLIM with end coil is
shown Fig. 4-a. Windings distribution of phases
are; for A and B phases two full windings, for C
phases three full and two half windings.
Connection scheme of SLIM without end coil
is shown Fig. 4-b. Windings distribution of phases
are; for A and B phases eight full windings, for C
phases three full and one half windings.
Each measured magnetic flux value sequence
was described as a workspace source and applied
to two channel subband filter in Simulink (Fig 5).
It is supposed that measured magnetic flux values from coils in the secondary consist of main
signal and end effect signal.
s (n) = M (n) + E (n) ....................... (15)
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The main signal indicates perfect operating
condition and contains low degree harmonic.
However the end effect signal contains high degree harmonic. To get main signal and effect signal, signal processing toolbox and wavelet toolbox in Matlab were used. Two-stage analysis was
carried out by means of analysis filter bank. At the
end of analysis, signal decomposed D1 and D2 detail coefficients and A2 approximation coefficient
(Fig. 6). db3 filter was chosen as analysis and synthesis filter [9,12].
The sample delay which occurred at each analysis filter process depends on filter length. Before
reconstruction process, it is necessary to align D1
detail with D2 detail (Fig. 5). Required delay sample is calculated as flow.
Fig.3. a) Dimensions of the secondary. b) Singlesided linear induction motor used in experiment

d = l (lod ) − 1

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

is the signal length of the lowpass FIR
filter coefficient, d is required delay sample [9].
l (lod )

Reconstruction process of D1 and D2 details
coefficients gives the end effect signal. Only coefficient D2 is applied to high pass filter input at
scale index j − 2 and produces the coefficients A1'
at scale index j − 1 . Then A' and D1 coefficients together produce end effect signal E at scale index
j.
1

Fig.4. Connection scheme of LIM a) with end
coil b) without end coil

Fig. 5. Simulink analysis and synthesis scheme of magnetic flux signal
64

Volume 6 / Number 1 / 2011

technics technologies education management

Fig. 6. D1 , D2 and A2 signals of magnetic flux signal a) without end coil b) with end coil
A1' = D2 + 0
'
j −1, k

A

............................ (17)

= ∑ gψ (n − 2k ) D j − 2, ns (+n0) =. .............
M (n) + E ((18)
n ) = ∑ gφ ( n − 2 k ) A
n

E = A + D1

............................ (19)

E (n) = ∑ gφ (n − 2k ) A'j −1, n + ∑ gψ (n − 2k ) D j −1, n
n

n

... (20)



E (n) = ∑ gφ (n − 2k )  ∑ gψ (n − 2k ) D j − 2, n  + ∑ gψ (n − 2k ) D j −1, n
n
 n
 n

...................................... (21)
Unlike end effect signal, to get main signal,
approximation coefficient A2 is used. The reconstruction of approximation coefficient A2 gives
the main signal M.
A1'' = A2 + 0

. ........................... (22)

M = A1'' + 0

. ........................... (23)

= ∑ gφ (n − 2k ) Aj − 2, n + 0

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

M (n) = ∑ gφ (n − 2k ) A''j −1, n + 0

............... (25)

A

''
j −1, n

n

'
1

''
j −1, k

s (n) = M (n) + E (n) = ∑ gφ (n − 2k ) A''j −1, n + ∑ gφ (n − 2k ) A'j −1, n + ∑ gψ (n

n

n



M (n) = ∑ gφ (n − 2k )  ∑ gφ (n − 2k ) Aj − 2, n 
n
 n


...... (26)

The sum of the main signal and end effect signal gives magnetic flux signal as perfect reconstruction process.
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n

+ ∑ gφ (n − 2k ) A
n

= ∑ gφ (n − 2k )( A

''
j −1, n

n

n

'
j −1, n

'
j −1, n

+A

n

+ ∑ gψ (n − 2k ) D j −1, n
n

) + ∑ gψ (n − 2k ) D j −1, n
n

= ∑ gφ (n − 2k ) ( A''j −1, n + A'j −1, n ) + ∑ gψ (n − 2k ) D j −1, n

 n
n
A j −1,n

= ∑ gφ (n − 2k )Aj −1, n + ∑ gψ (n − 2k ) D j −1, n
n
n


 


A1

........... (27)

D1

= A1 + D1 = s

End effect signals, main signals and synthesis
magnetic flux signals without end coil and with
end coil are shown in Fig. 7.
6. Conclusion
In this study, the end effect of SLIM was reduced. Initially, in case of unload operating, magnetic flux distribution of secondary surface was
obtained in operating with end coil and without
end coil. Measured signals decomposed to end effect signal and main signal respectively by means
of analysis and synthesis wavelet filter bank.
Two-level decomposition is adequate for this application. The higher level decomposition was not
preferred because it requires more data and placing more measurement coils in secondary block.
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Fig. 7. End effect, main and synthesis magnetic flux signals a) without end coil b) with end coil
Making many holes deteriorate magnetic properties of secondary block such as permeability. In
addition, the more holes reduce mechanical endurance against primary magnetic pull force.
Experimental results show that end effect
changes primary current. In case of operating
without end coil, primary current is 8,25 A. and in
case of operating with end coil, it is 7,82 A.

Using end coil, entry end effect field reduced
%16,27 and exit end effect field reduced %11,62 .
Total entry end exit end effect field reduced %28.
This study will help to people who study on or
interest in end effect of operating performance of
SLIM and wavelet end effect application.
Acknowledgment
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Fig. 8. End effect signals with end coil and without end coil
When end effect graphs (Fig. 8) are examined.
It is shown that magnetic flux distortion created
by end effect in secondary surface, reduced from
7,6x10-4 mWb to 3x10-4mWb in case of using end
coil. This provide recovery about % 55,26.
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Appendix A

Greek letters

Table 1. The dimensions of the SLIM
Name

Value

Line voltage / current

380 V / 23 A

Capacity

5,681 KVA

Primary length

369 mm

Number of poles

4

Pole pitch

92,5 mm

Stack height

40 mm

Primary height

88 mm

Number of slots

14

Slot pitch / width

30,75 mm / 17,5 mm

Slot dept

40 mm

Teeth width

23 mm

Coil pitch

4/8

Number of turns/phase

4

Mechanical clearance

13,5 mm

Thickness of secondary

28 mm

Secondary length

1020 mm

Appendix B
List of symbols
f ( x) continuous time signal
f (n) , F discrete signal
a scale parameter
b position parameter
ca ,b coefficient for continuous time signal
N total samples
Aj , k approximation coefficients
D j , k detail coefficients
scale index
j
k
discrete time
U primary line voltage
f frequency of line voltage
N m measurement coil winding turn
l (lod ) length of filter
d delay sample
s (n) , s measured magnetic flux signal
E (n) , E end effect signal
M (n) , M main signal
0
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ψ j , k ( x) wavelet function

φ j , k ( x) scaling function
hφ (−n)

low pass analysis filter

hψ (−n)

high pass analysis filter

gφ (n)

low pass synthesis filter

gψ (n)

high pass synthesis filter

φm magnetic flux of the measurement coil
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utilizing OPM3 maturity model
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Abstract
The OPM3 self-assessment questionnaire is
utilized in this paper first to evaluate maturity
state of the large sized construction companies in
Iran based on a survey of 81 companies out of 326
which hold a grade one certificate. The main acquisitions of the research are as follows: although
all companies having a grade one license are authorized to perform projects of the same size and
complexity which practically they do, but definitely they are not in the same level in terms of organizational project management maturity. The data
reflected that companies are in reasonable condition in the standardize stage, but they have to put
in a lot of effort to improve their situation in other
stages mentioned in OPM3.In addition, the band
scores achieved by this test are related to some of
companies' success factors. The results showed
some 59% of Iranian largest companies have a
maturity degree less than 50%. Also, no remarkable consistency between the company's maturity
degree extracted from OPM3 questionnaire and its
historical precedence was observed. Above all, it
was conceded that only companies which demonstrate noticeable maturity levels have been able to
win the tenders of international projects.
Key words: OPM3, Maturity model, Organizational project management, Construction companies, Grade one, Iran
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Introduction
The large number of existing licensed construction companies in Iran along with the intense
competition between them has led their managers
to take all appropriate measures to manage their
projects skillfully. The pivotal role of management
practices in construction projects success is stated
in many researches [1] [2]. As a result, a major
part of Iranian companies seek their profitability
and survival in enhancing the efficacy of their
management systems to achieve the organizational goals. This purpose can practically be fulfilled
by following the well-established management
methods invented within the industry.
By adopting a maturity model to a company its
managers can tell whether it stands on a general
continuum of organizational project management
maturity. A maturity model will produce a list of
good practices the organization currently appears
to demonstrate, and a list of those it appears not to
demonstrate. Then the company can take the opportunity to follow the instructions and directions
introduced by the model to achieve the acceptable
maturity status [3] [4].
Literature Review
All of the project management maturity models have their roots in the Capability Maturity
Model developed at Carnegie Mellon University
in the USA between 1986 and 1993 [5]. Over the
past decades project management maturity mod69
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els emerged in the literature as concrete, tangible
ways of assessing aspects of a firm’s project management maturity. They help the firms compare
explicit competences at the project and program
level relative to a standard [6].
The levels of maturity related to project management in a construction firm could be considered as a
ladder of three steps. The basic level is Project Management, or the management of individual projects
a company is responsible for performing. The next
level is Program Management. The simplest definition is that a program is a collection of projects related to some extent to a common objective [7]. At
the third level, Portfolio Management is the management of a number of projects and programs that
do not necessarily share a common objective. The
issue is to undertake it simultaneously [8].
In the real world no organization is able to
reach the stage of maximum development and no
one will [4]. Therefore it makes sense to talk about
a certain degree of maturity and make an effort to
measure the maturity state of the organization [9].
Various ways to present different stages of maturity have been developed. Some researchers use
the notion of the ladder for the stages of maturity.
On the contrary, some reject that definition and
introduce diverse phenomena to show the fact as
maturity grids or steps of maturity [4] [10] [11].
PMI lays stress on the benefits of the maturity
models, since they bring about 3 main achievements for any organization as follows:providing a
simple check within the organization to find out
if your maturity level is close to your competitor's and the most successful organizations ever
known in the industry, distinguishing the weak
points which the organizations is suffering from,
and showing the managers the most appropriate
measures to take in order to improve the state of
organization's maturity. These achievements can
be summarized as three dimensions of maturity:
attitude, knowledge and action [12].
A project management maturity model developed by Microframe Technologies proposed
a framework for analyzing project management
capability [13]. Another PM maturity model classified maturity by using the Project Management
Institute’s (PMI’s) PM body of knowledge areas
(PMI 2000) to provide conceptual guidelines for
assessing an organizational maturity level [14].
70

Levene et al. conducted one of the first researches in the field in 1995 which showed the results of
maturity evaluation amongst organizations. The
main aim of the research was simply described in
developing a tool for the organizations to experiment their project management process. Also it was
to inspect the organization practices and the level
they had achieved their goals. Three organizations
active in performing IT projects were included in
this research. The results showed that the maturity
stages were similar in all of three companies [15].
In 1997, Interthink Consulting Inc. evaluated the
experiences of project management in Canadian
companies. The main purpose of the research was
to introduce an informative base for project management abilities. The research emphasized on the
project management process rather than the project
performance. Five levels for maturity were considered to evaluate 65 organizations. Just one organization out of 65 reached level 3. Some 70% were in
the level 2 category and the rest in level 1 [15].
Anderesen and Jessen in 2003 conducted a research to develop an understanding of what project
maturity is and to investigate the level of project
maturity in organizations. They used a questionnaire consisting of 36 questions. The questionnaire
has been tested on 59 middle managers and project managers attending the master of management
program in Norwegian school of management. The
research hypothesis was that the project maturity
develops through a maturity ladder where the ladder steps assumed to be project management, program management, and portfolio management. The
results showed that some ladder structure in respect
of project maturity exists in organizations that use
the project approach. The findings also point to the
possibility that project usage is less than the knowledge and ambition to use the project approach. The
reason for this could be that the theoretical training in project management is well introduced in
the Norwegian society while it becomes hesitating
when it comes to practical implementation. They
concluded that the project practice is at its weakest
point at the operational level. In addition, they stated that attitudes, knowledge, and action concerning
changes in general are the overall prerequisites for
developing a project mature organization [4].
Kwak and Ibbs carried out a study in 2000 to
determine the financial and organizational impacts
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of project management. The study began with the
development of a project management maturity
model and an analysis methodology to assess the
maturity of project management processes. The
project management maturity analysis methodology consisted of 148 multiple-choice questions
that measured project management maturity, and
covered 8 knowledge areas and 6 project phases.
The maturity model and methodology were then
applied by benchmarking 38 different companies
and government agencies in 4 different industries. The study took some 2 years gathering the
essential data. The authors mentioned the follows
as their research major acquisitions: development
of a systematic project management maturity assessment methodology, analyzing the strength
and weakness of project management practices
amongst various companies and industries, study
was mentioned as a step towards a factual and
quantitative way to measure project management
practices and performance. They also provided the
companies with some advice about making project management processes improvements [3].
Pennypacker and Grant performed a survey in
2003 to provide a cross-industry benchmark of project management maturity to enable the companies
in gauging their relative maturity in project management capability. The information was gathered
from 123 firms. Poring over the data, this research
revealed that nearly 67% of the organizations are
currently at an overall project management maturity of level 2 out of 5 or even below. Additionally the
researchers concluded that the level of project management maturity is statistically consistent between
industries and companies of varying size. They
stressed that to make valid comparisons of project
management maturity from one point in time to
another requires a common project management
maturity model, common assessment techniques,
common level of analysis , common analysis techniques, and representative samples [15].
Why Designating OPM3?
Maturity models differ from one another in the
concepts they embody and the suggestions they
make as to how the path to maturity looks like [16].
A study in 2001 estimated that some 30 maturity
Volume 6 / Number 1 / 2011

models were serving the market on that time [17].
It is important for organizations to be able to assess
their situation by a comprehensive and useful model [18]. Therefore, the first step towards achieving
the goals of our paper was to define the appropriate
maturity model to be used in the Iranian construction field. Consequently, we began to consider the
various aspects of some popular models as follows:
CMM [19], P-CMM [20] [21], CMMI [22], Erling
S.Anderson-Svein Arne Jessen model [4], Berkeley
model [3], PMMM, Prince 2 model, P3M3 model
[19], Kerzner model [9] [23], OPM3 [24]
Eventually we decided to utilize OPM3 in our
research based on some reasons as follows: Most
of the models use a separate 5 stage process to
evaluate the maturity stage, but OPM3 approach
is continuous which we considered as a positive
point, the model has been subject to the results
of the feedback from the industry for a long time
and it has been modified repeatedly, wide popular
credibility of PMI as the supporter of the model
in Iran, model emphasizes on determining weak
points precisely, and continuous improvement of
the related issues, model is user friendly, model
is applicable in all branches of industry, low cost
of model application, the evaluation software accompanying the model. Above all results of some
researches stated that OPM3 would be the most
appropriate maturity model regarding the aim of
our paper [18] [25].
Aims of this study
Having defined the appropriate model to evaluate the Iranian construction companies’ state of
maturity, the main aims of this paper is defined to
provide the below information:
–– The level of maturity which is demonstrated
amongst Iranian most reputable construction
companies.
–– The state of mentioned companies on
each of the standardize, measure, control,
and improvement processes based on the
corresponding stages defined by OPM3
[24].
–– Discussing the hypothesis that there is a
remarkable consistency between a company's
historical precedence and its maturity state.
71

technics technologies education management

–– Examining the theory that companies
demonstrating higher maturity levels are
more successful in winning the tenders of
international projects.
Data Collection
Questionnaire
OPM3 represents a self-assessment questionnaire consisting of 151 questions which enables
any organization to evaluate its state in terms of
the organizational project management maturity
[24]. Since we designated OPM3 for our research
the mentioned questionnaire was selected as the
basis for the survey.
Respondents
Based on the formal classification among contractors which is now common in Iran, the construction companies are categorized into 5 grades. The
main criteria for classification are related to the company's previous experience, capital, volume and cost
of accomplished projects, staffing, and the financial
situation. Those in grade 1 are the most reputable
and undertake projects of the biggest volume. Number of them is somehow limited due to the essential
criteria to receive the certification in grade one. The
differences between grade one and the companies in
other grades is noticeable in terms of the experience,
managerial and financial capabilities. Therefore, it
only makes sense to compare the companies in one
special grade e.g. grade one. Consequently, in order
to precise the research the studied target population
included just contractors which have received a valid registration in grade one from Iran's Management
and Planning Organization.
As mentioned earlier, Survey through questionnaires was selected as the research method,
and the respondents of the survey were all the construction companies having received a certification of grade one. In January, 2009 the number of
all grade one companies amounted to 326 all over
Iran according to the list downloaded from Office
of Technical Affairs website (http://tec.mporg.ir/
PEYMANKARLIST.asp).
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Sample Size
We Considered the Cochran’s formula for determining sample size [26] .Where: t = value for
selected alpha level of .025 in each tail = 1.96 (the
alpha level of .05 indicates the level of risk the
researcher is willing to take that true margin of error may exceed the acceptable margin of error),
(p)=(q) = estimate of variance = .25 (maximum
possible proportion (.5) ´ 1-maximum possible
proportion (.5) produces maximum possible sample size), d = acceptable margin of error for proportion being estimated = .1 (error researcher is
willing to except).
Therefore, required sample size equaled 95.
Then we adopted the possible adjustment (called
the finite population correction) utilizing Cochran's correction formula. As a result, the required sample size amounted to 75 [27].
Data Gathering
Taking into account some inevitable errors
and probable irregularities, we selected a total of
110 companies out of the mentioned list all over
Iran by utilizing the random numbers tables [28].
For the companies located in Tehran we arranged
face to face interviews with the superintendents
of the companies to fill the questionnaires. As for
the companies outside Tehran we sent the questionnaires. Finally we achieved 81 questionnaires
duly completed in which just 2 were from provinces other than Tehran. As a result, we achieved
the maturity state of 81 grade one companies on
the basis of OPM3 self assessment questionnaires
along with some main attributes of each company.
Data Analysis
When using comparison scales it is imperative
to calculate and report the internal consistency reliability for any scales or subscales one may be
using. Therefore the Cronbach’s Alpha reliability
test was selected due to the accuracy and simplicity .We used the SPSS software to perform the essential analysis. The reliability analysis done by
that SPSS resulted that the Cronbach’s Alpha coVolume 6 / Number 1 / 2011
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efficient equals 0.8515 which meant the data were
reliable according to Nunnaly theory [29].
Many data analysis methods depend on the assumption that data were sampled from a normal
distribution. One of the most frequently used tests
to evaluate how far data are from normality is the
Kolmogorov-Smirnov (KS) test. KolmogorovSmirnov test can provide a general and flexible
goodness of fit test, especially for situations when
specific test are yet to be developed [30]. Performing the mentioned test by SPSS showed that the
data are not normally distributed. It determined
the method that ought to be used to estimate unknown parameters, and also dictated the test procedures which we applied.
OPM3 Self-Assessment
Any organization seeking the improvement of
the organizational management skills ought to be
informed of its current stage in comparison to the
good management practices accepted by the industry. This process is also essential in later steps
when the company intends to keep track of the
management skills development trend.
With the OPM3 process construct, we can see
everything combined, each of the three domains,
interacting with and processing through the four
stages of process improvement. Every practice
within OPM3 is mapped to one or more locations within the three dimensional model. In other
words, OPM3 will tell the user where a practice
falls within which domains) Project, Program, or
Portfolio(, and at what stage)s) of organizational
process improvement )Standardize, Measure,
Control, or Continuous Improvement). To sum up,
then OPM3 identifies hundreds of good practices
in organizational project management, determined
which specific capabilities are needed to achieve
these good practices, and how to determine when
each capability has been achieved. To precise the
results we decided to inspect the situation just
within Project domain and in 4 mentioned organizational process improvement stages (Standardize, Measure, Control, and Continuous Improvement ( [24] [31].
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Results
As mentioned earlier, one of the main aims
defined for this paper was to evaluate the state of
Iranian largest companies in comparison to OPM3
maturity model. All of these companies are permitted to perform projects of similar size. Therefore, it would be informative to compare them in
terms of organizational project management maturity development. We inspected the issue in 4
stages (Standardize, Measure, Control, and Continuous Improvement) for each of the companies.
The chi-square test is usually used to determine
whether there is a significant difference between
the expected frequencies and the observed frequencies in one or more categories. Is this difference between the expected and observed due to
sampling error, or is it a real difference [28].
The chi-square test was appropriate for our
data to examine whether a marked difference is
observed between the companies. Performing the
chi-square test the results showed us that there
is noticeable difference amongst companies under consideration. In other words the companies
are by far different when it comes to the status in
Standardize, Measure, Control, and Continuous
Improvement stages in terms of maturity.
As a general conclusion, it should be conceded
that although all the considered companies have
practical identical permissions to perform projects
of the same size and somehow they have similar
experiences in this field, but they are in markedly
different states in terms of organizational project
management maturity. Therefore, it brings to light
the fact that executing similar projects for a nearly
long period of time would not necessarily lead the
companies towards same states in organizational
project management maturity.
Then we used the Kendall's tau-b correlation
test in order to find out if there is any meaningful
contingency between the maturity state of a company with its historical precedence by supposing
these hypothesis.
H0: There is no meaningful contingency between
the historical precedence of companies with
their maturity state.
H1: There is meaningful contingency between the
historical precedence of companies with their
maturity state.
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Also we examined whether there is contingency
between the maturity states of companies with their
proven capabilities for winning international projects tenders .i.e. the number of international projects tenders they have won. Therefore, we assumed
hypothesis as below:
H0: There is no meaningful contingency between
the maturity state of companies with their
proven capabilities for winning international
projects tenders.
H1: There is meaningful contingency between the
maturity state of companies with their proven
capabilities for winning international projects
tenders.
Performing the Kendall’s tau-b by SPSS we
witnessed that: (1) regarding the hypothesis about
historical precedence of the companies, H0 was
approved, (2) as for the capability of a company
to win the international tenders H0 was rejected.
Consequently, we accepted H1.
To sum up, we can say just companies having reached an acceptable stage in organizational
management maturity are able to win international
project tenders.
But the main defined aim of this research was to
evaluate the relative status of companies in terms
of organizational maturity compared to the selfassessment tool criteria according to a survey from
Iranian construction companies. The findings of the
survey showed the current situation as figure 1.

Figure 1. State of maturity of companies according to OPM3 self-assessment questionnaire
Survey data shows that maturity less than 25%
was observed in no company. Also some 40 percent of companies are amongst those with a maturity level higher than 50%. This comes to light that
although a major part of companies are not even
aware of OPM3 positive aspects, but automati74

cally they have been forced to become consistent
with its regulations to survive. In other words due
to the necessity, the company projects managers
are inevitably obliged to meet the practices introduced by OPM3 during the company's life. We
concluded that the severe competitive atmosphere
in construction industry leads the companies to
adjust to the good practices in the industry unconsciously. Surprisingly, results show us that nearly
60 percent of the greatest Iranian companies are
in a maturity state below 50% mature. It should
be mentioned that our data in this term is to some
extent similar to the research conducted by Pennypacker and Grant performed in 2003 in USA [15].
In addition, the data derived from the research
indicate that most of the companies devote considerable attention to updating the project control
software. On the opposite side, they pay a little
attention to construction companies unions since
just nearly 11 percent of companies held membership in the related unions.
The OPM3 self-assessment questionnaire
compares the company status in all 4 improvement stages) Standardize, Measure, Control, and
Continuous Improvement(to accepted practices of
the standard. The data reflects that companies are
in reasonable condition in the standardize stage,
but they have to put in a lot of effort to improve
their situation in other stages, although it should
be mentioned that they have taken a few steps
towards enhancement. It implies the fact that the
companies show a strong inclination towards improving, but the attempts to achieve this goal has
been made unhurriedly. As a result, Iranian companies have become successful merely in becoming acquainted with the phenomenon of organizational maturity so far. The companies' average
maturity states in the 4 mentioned stages are illustrated in figure 2.
Data derived from the questionnaire enables us
to compare the number of companies in different
4 stages mentioned. This comparison is shown in
table 1 as the percent of companies.
It is obvious in table1 that as the maturity state
of the company increases, the state of the company in Standardize and Continuous improvement
level shows an upsurge trend comparing to 2 other stages. It can be concluded that companies in
higher states of maturity have devoted more effort
Volume 6 / Number 1 / 2011
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to standardize and improvement stages. On the
contrary, companies in lower levels of maturity
have more intentions in modifying Measure and
Control stages.

Figure 2. Companies' average maturity state in
4 stages
Conclusions and recommendations
In this study 81 Iranian construction companies
out of all 326 companies holding a license in grade
one were selected in order to compare their organizational project management status to maturity
standards. We designated the OPM3 standard as
the base of comparison due to several reasons
mentioned earlier. The companies under consideration were evaluated according to the OPM3 selfassessment questionnaire. We summarized the obtained overall results as follows:
Although all companies having a grade one
license are authorized to perform projects of the
same size and complexity which practically they
do, but definitely they are not in the same level in
terms of organizational project management maturity. In other words, performing projects of the
same size would not lead them to the same level of
maturity automatically. To make it clear, we state
that performing large and complicated projects for

a long time has not led the Iranian companies to
the good practices in the industry. To sum up we
concede that Iranian companies have not put in the
amount of effort required to broaden their gained
experiences and documenting their achievements
in the field of organizational project management.
We highly recommend the managers to devote
much more consideration in utilizing the experiences gained from the previous projects inside and
outside their company.
We observed no remarkable dependence between the historical precedence of a company
with its maturity level in this research. This fact
confirms the results described above. On the other
hand, it concedes that even new established companies having limited prior experience would obtain a reasonable state of maturity utilizing the
accepted practices known as the good in the industry. Therefore, it is essential for companies of
any size or financial level to adjust themselves to
maturity models in order to succeed. Once more
our results show some noticeable similarities with
the acquisitions of Pennypacker and Grant [15].
We witnessed a higher level of maturity in
Standardize and Continuously improvement fields
amongst companies in better stages of overall maturity. It states that companies in better maturity
levels have devoted much more consideration to
standardizing and improving their organizational
project management skills. Companies obtaining
less than 50% maturity have not paid enough attention to Standardize stage. Taking into account
these differences we state that companies should
consider determining of their weak points as a vital step towards maturity state improvement.
Obviously a remarkable relationship was observed between a company’s state of maturity and
its success in winning international projects tenders. It is clear that utilizing the practices introduced by the OPM3 can result in success in almost
all fields related to company.

Table 1. Percentage of companies at 4 different states of maturity
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Considering all above results we maintain the
idea that all companies of any historical precedence or volume ought to put in a great deal of
effort to become consistent with the OPM3 maturity standard criteria as much as possible. Newly
founded companies are able to gain significant
advantage over utilizing this standard. Above all,
whole governmental sectors and policy makers
should introduce new regulations in which just
mature enough companies would be able to win
the projects tenders. In addition, receiving a license in grade one ought to be dependent on having a mature state for any construction company.
Limitations of the study
It should be mentioned that our research faces
some limitations as follows: (1) although OPM3
was selected as the basis of our research regarding the results of some researches and situations
in Iran, but it could no document has substantiated that this model is the most appropriate model
for Iran construction sector, (2) also nearly all
of our respondents were located in Tehran. As a
role companies located in the capital demonstrate
higher levels of progress in all aspects. It is likely
that the results have overstated the average maturity state in Iran.
Directions for future research
Our findings at this point in time only could
spark calls for further research which might be of
value in related fields. We hold the view that it will
be efficacious for the construction industry if the
future researches focus on subjects as defining the
correlation between maturity state of a construction company and its managerial indicators such
as labor productivity, and earned value indices to
concede the effectiveness of applying maturity
models in these companies.
Also further work is needed to reveal the main
weak points of construction companies in order to
adjust with criteria defined by the maturity models. An in-depth research is also essential to elicit
the best maturity model for Iranian construction
atmosphere, and also for different situations. In
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addition, researchers should pay serious attention
to the fact that issues regarding Key Performance
Indices of project management yet are not known
in Iran. Having the answer of the mentioned questions it is reasonably likely to promote the knowledge of maturity models in Iranian construction
industry.
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Abstract
This paper first defines the index system composition of transaction costs, on this basis, uses the
AHP method and the established two-stage fuzzy
comprehensive evaluation model to analyze the
transaction costs and makes early warning, then
show that the model how to use by an empirical
analysis, finally give some suggestions.
Key words: engineering transaction costs;
AHP method; FUZZY comprehensive evaluation
method; early warning
1. Introduction
Project transaction costs can be divided into
the traditional institutional costs and process costs,
but in the large number of practice works, the total
transaction costs diverge from the budget, the article consider the reason due to the recessive costs.
Based on this, the article defines the index system
composition of transaction costs in introduction
of the recessive costs, thus the project transaction
costs become more reasonable.
In a number of indicators of engineering transaction costs, people tend to be concerned about
one or more indicators relatively more important
in order to focus attention and follow-up management, based on this, the article also gives two-stage
fuzzy comprehensive evaluation method to illustrate how to analyze the engineering transaction
costs and makes early warning, and it provides a
scientific basis for decision-makers.
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2. Identify evaluation index system
Coase believes that transaction costs is the costs
to obtain accurate market information, as well as
the negotiation, signing and maintenance the contract cost. Similarly, in the project areas, engineering transaction costs including the expenses of
the project bidding information of collection and
dissemination, the qualification of contractors,
contract negotiation and signing, supervision and
management expenses in the process of contract
performance, process changes, contract claims
and contract dispute [1, 2].
Traditionally, project transaction costs can be
divided into two parts: the first part of the cost is
the formation of parties on behalf of the owners
the cost of the project management agency, and
the second part of the cost is in the trading process, and the increased costs due to deal with the
unnecessary changes and project claim, coordinate
and resolve contract disputes. For the first part of
the costs: agency costs, including the costs of employing owner’s staff and commissioning a project
management company. This is part of the cost usually works on identifying the outset of the transaction, its major decisions on the owner’s project
management capability and experience and project
management approach. For the second part of the
cost: process costs, engineering costs incurred in
the transaction process is determined by the owners
side of project management capability and experience, supervision or project management level of
the firm’s work, as well as the integrity of the contractor and many other aspects [3,4].
In practical engineering, engineering transaction costs should also include any recessive fees,
Volume 6 / Number 1 / 2011
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for example, the recessive costs arising from
owner’s project management ability and experience; the recessive costs arising from supervisory
or project management company’s management
ability and experience; the recessive costs arising
from contractor’s management ability and experience; the recessive costs arising from contractor
integrity. In particular, for some engineering, these
recessive costs may account for the majority of the
whole project the proportion of transaction costs.
This part of the recessive costs are specific cost
because they do not manifest itself, is often overlooked, but it largely influence and determine the
project transaction costs.
As a result, the transaction costs of project consists of three aspects in this paper. The meaning of
specific indicators and targets are as follows (see
Table 1)

3.1 Establish evaluation set
In this paper, the evaluation set is
V = {VP }( p = üüüü
) , stand for excellent, good, fair
and poor.
3.2  Establish two-stage valuation the index set
The first class indexes is U = {U i }( i = 1, 2,3) ,
stand for institutional costs, process costs and recessive costs; The second indexes is U i = {U i } , j stand
for the specific indexes of the first class indexes i,
specific all levels indexes is above Table 1.
3.3 Determine the weight of two-layer targets by the AHP method
3.4 Determine the fuzzy evaluation matrix R
according to the FUZZY theory

3.  Fuzzy Evaluation Model
After determining the composition index system
of the project transaction costs, in this paper,we use
two fuzzy comprehensive evaluation to set model
and make early warning. According to Fuzzy Theory, the modeling process is as follows[5].

To suppose comment objects according to the
ith element of the factors set U, and to suppose
the membership degree of the jth element V j of the
factors set V is rij , then get the evaluation matrix

Table 1. Index system of projects transaction costs
Serial number
of first indexes

U1

U2

Name of first Serial number of
indexes
second indexes
Institutional
costs

Process costs

U11

The costs of employment supervision and project
management company commissioned

U13

Agency running costs

U21

Engineering change costs

U22

Project claim costs

U31

U3

U32
U33
U34
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Owner personnel costs

U12

U23

Recessive
costs

Name of second indexes

The costs of resolving and coordinating contractual
disputes
Recessive costs arising from owner’s project
management capability and experience
Recessive costs arising from supervision or project
management company’s management ability and
experience
Recessive costs arising from contractor’s
management ability and experience
Recessive costs arising from contractor’s integrity
level
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 r11
r
R =  21


 rm1

r12
r22

rm 2

 r1n 
 r2 n 
 

 rmn 

4.2 By the 1~9 scaling method, the constructed comparison matrix of the U1U2U3 and
U is as follows

1

1
U =
4

4


In which the element rij can be used to obtain
membership function method.
3.5  Evaluation and Early Warning
Establish a comprehensive evaluation model
B =U  R
In which, U = (U 1 ,U 2 ,,U m ) is a fuzzy vector.
This course fuzzy composition operation used to
take big to take a small operator, we can get fuzzy
comprehensive evaluation set: B = (b1 , b2 ,, bn ) , of
course, B can be normalized.
3.6  Early-warning method
Find the Max bi(i=1, 2, ..., n), when i ≤ 2 , that’s
normal; when i ≥ 3 , that’s not normal, We must
take appropriate measures to deal with the first
and the second indicators.
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For the same reason,we can get the judgment
matri of U11U12U13 and U1, U21U22U23 and U2,
U31U32U33U34, and U3
1

1 3

U1 =  3 1

1
2
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1
1 3
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1
2  ;U 2 = 
1
3
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1

1
1


4
4


1
;U 3 =  4 1
5

1 
5 3
 5 4


genvectors W and eigenvalues λmax of the
above-mentioned judgment matrix
T

The empirical analysis of transaction costs of a
project [6,7].
4.1  Get the evaluation data

n

λmax = ∑

(

1

) i = 3.053
T

n

λmax = ∑

(

UWU
nWiU

T

n

λmax = ∑

(

1

UWU
nWiU

,

) i = 3.009

WU 2 = ( 0.231, 0.104, 0.665 )

,

) i = 3.087

WU3 = ( 0.064, 0.156, 0.375, 0.405 )

T

n

λmax = ∑
1
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UWU
nWiU

,

WU1 = ( 0.164, 0.539, 0.297 )

1

Accordance to the evaluation index system
above, through the Delphi expert scoring, we can
get the indicators of relative importance discrimination matrix, respectively, find the weight vector
of indicators at all levels.
The empirical analysis of transaction costs of
a project.

1
5

1
4

1
1 

4.3 By the sum-of-product method and the
normalizing method,we can get the ei-

WU = ( 0.138, 0.123, 0.739 )

4.  Empirical Analysis

1
5
1
3
1
1

(

UWU
nWiU

,

) i = 4.414
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4.4 Consistency test
First calculate the consistency index value (RI),
and then look-up table 4, average random consistency index value (RI), and thus calculate the random consistency index value (CR).
Table 2. Average random consistency index
value (RI)
The size of the
matrix n

…

3

4

…

RI

…

0.52

0.89

…

Note: This article is only used in Third- order
and fourth-order, so only the value RI is given under n=3, n=4 circumstances.
We can get
CI
=
CRU =
RI

λmax − n

3.053 − 3
n − 1 = 3 − 1 = 0.051 < 0.1
0.52
RI

Same reason,

The fuzzy comprehensive evaluation index set
of the second index U is
B =U ,
 B1 
 B  = (0.3,0.375,0.3,0.15 ,0.138)
 2
 B3 

Be normalized, we can get
B ¢ = (0.238，
0.297，
0.238，
0.118，
0.109 )

4.6  Judge
According to
B ¢ = (0.238，
0.297，
0.238，
0.118，
0.109 ) ,

we can get Max bi = Max b2 and i=2, so the
transaction costs of the project is normal.

CRU1 = 0.009 < 0.1; CRU 2 = 0.084 < 0.1; CRU3 = 0.054 < 0.1

5. Conclusion
4.5 According to Delph method, the fuzzy
evaluation matrixes of the second index
U1U2U3 respectively are

Project transaction costs of risk issues in project occupies a sensitive and important position,
this paper makes a qualitative analysis to risk factors of the transaction
costs of engineering, and
0.2 0.3 0.4 0.05 0.05
0
0.2
0.6
0.2
0
0.1
0.4
0.3
0.1
0



 project
build the
risk index system for

 transaction
 ; R = 0.2 0.3 0.3 0.15 0.05
R1 = 0.1 0.5 0.3 0.1
0  ; R2 = 0.1 0.4 0.2 costs.
0.2 0Use
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AHP-FUZZY
make
a
quantitative
 3  0.3 0.4 0.2 0.2
0 
 0 0.2 0.5 0.15 0.15
0.1 0.3 0.3 analysis
0.1 0  and research to the risk influence
factors

0 
 0.3 0.3 0.3 0.1
and use fuzzy comprehensive evaluation method
0.2 0.3 0.4 0.05
 warning research for the risk of the
make0.05
early
0.2 0.6 0.2
0 
0.1 0.4 0.3 0.1 0 
0.2 0.3 0.3 0.15

0.05
 transaction costs. Studies have shown
engineering
0.5 0.3 0.1
0  ; R2 = 0.1 0.4 0.2 0.2 0  ; R3 = 
 0.3 0.4 0.2 0.2

0 warning
that
the
results and practical problems en0.1 0.3 0.3 0.1 0 
0.2 0.5 0.15 0.15


0.1
0  in the main risk issue is consistent by
 0.3 0.3 0.3 countered
0.2 0.3 0.4 0.05 0.05
using FUZZY theory as long as the comparison
1 0.4 0.3 0.1 0 
0.2 0.3 0.3 0.15 0.05
matrix through the consistency test in the AHP


1 0.4 0.2 0.2 0  ; R3 = 
 0.3 0.4 0.2 0.2
0 
method.
1 0.3 0.3 0.1 0 


0.3
0.3
0.3
0.1
0
FUZZY theory in this paper is built on the basis


of AHP method, while the AHP method has also
Accordingly,the fuzzy comprehensive evalua- established on the basis of the expert scoring, so
how much number of experts went back to affect
tion index set of the second index U1U2U3 are
the accuracy of empirical findings, in practice, se0.5，
0.3，
0.164，
0.15 )
B1 = U 1  R1 = (0.1，
lecting the appropriate number of experts is a sig0.3，
0.3，
0.104，
0)
B2 = U 2  R2 = (0.1，
nificant problem.
0.375，
0.3，
0.15 ，
0.05 )
B3 = U 3  R3 = (0.3，
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Abstract
Curriculum studies in primary and secondary
education has a long history and tradition and it is
quite normal to have a wide and diverse literature
and various thinking camps in curriculum field.
There is a very different story in curriculum debates in further and higher education. As a fundamental component of higher education, curricula
have always received a fair amount of attention
in practice. Postsecondary institutions have been
forced to deal with curricula in order to survive.
That is to say what is really missing is theorizing
and conceptualizing the curriculum decision making in this sub specialist area of HE.
For this reason, this paper has focused on designing a model for study of curriculum in higher
education based on phenomenological approach
that can be called Experiential Curriculum model
(what student experience or what actually they
learn based on their unique backgrounds, abilities, interests and so on). ‘Despite a few related
works, little effort has been done about “theorizing” and explanation of lived curriculum. Lived
or experiential curriculum has not, to date; been
fully explored, unraveled, and interrogated. In addition, the relative lack of theorizing within lived
curriculum has produced, perhaps, a false impression of consensus, ignoring the conflicts and contested nature embedded within the variety of ways
we live in the curriculum. The paper will discuss
the components based on a case study at Shahid
Beheshti univeristy, Iran
Key words: Curriculum, lived curriculum,
teaching and learning in ICT
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I. Introduction: Curriculum Models in
Higher Education
As it has been said there is no a synoptic text
on curriculum techniques and models in higher
education. In this regard, as a basic idea, it can be
useful to consider different conceptions of curriculum as a base for categorizing the models which
have been proposed by different scholars. Different conceptions of curriculum can be categorized
in following domains:
1. Curriculum as a plan or blue print: The
main definition of curriculum is a written
document about a specific subject matter/
course or program (Beauchamp, 1988).
The main assumptions of this conception
of curriculum a production metaphor, the
curriculum is a means of the production, and
the student is the raw material which will
be transformed into a finished and useful
product with the outcome of the production
process is carefully plotted in advance [1].
It is means-end based linear and systematic
process. Here the Curriculum models are
prescriptive; it means they recommend
certain stages for making the curriculum in
higher education settings.
2. Curriculum as a system: The main definition
of curriculum is a system or conceptual
system, which describes the potential interactions for curriculum decision making. The
main assumption of this conception is based
on a system metaphor [2]. The curriculum
process is not linear and top to bottom process;
instead, it is an interactive and political
process. Here the Curriculum models should
be descriptive rather than prescriptive
83
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3. Curriculum as experience: This conception
is based on Dewey’s definition of curriculum
as experience [3], all experiences that
students have had under supervision of
school is the main idea in this perspective.
This conception of curriculum is based on a
growth metaphor [4, 5]. The curriculum is
all experiences the student has in educational
settings (planned and unplanned) thereby
they will grow and develop their fullest
potential (Marsh,) There are three main
groups of curriculum scholars who believe
in this conception of curriculum which have
been called as re-conceptualism.
A. Social meaning of curriculum as
experience: These scholars Consider student
as a worker, which is a popular metaphor in
Marxist way of thinking and can be found
in some outstanding curriculum works in
critical theories (See: Ferrier,[6]; Apple,[7];
McLaren, [8]). In this camp, scholars are
attempting to investigate how curriculum
issues tie in with issues of equity and social
justice (race, gender, class, culture…)
and pay special attention to the hidden
curriculum. In other words the model uses
the metaphor of student as oppressed worker
and curriculum and educational authorities
as oppressor
B. Personal meaning of curriculum as
experience: The main idea in this conception
is metaphor of curriculum as travel within
which the curriculum is considered as a
route over which students will travel under
the leadership of an experienced guide.
The Pinar’s autobiographical curriculum
and curriculum as currere (i.e. running the
course) are among the works are focused on
this conception of curriculum [6]
C. Phenomenological research: This definition of curriculum is based on curriculum
understanding especially those works
which have done by Ted Aoki [9] and
Max Van Manen [10, 11], University of
Alberta, Canada. Their efforts have led to
identify two different types of Curricula:
designed and lived curriculum A look at
research in this area will show that some
limited efforts have been done in order to
84

explore the process and different levels of
experiential curriculum. Although several
curriculum scholars have stressed this type
of curriculum, this idea will be discussed
later in this paper.
4. Curriculum as field of scholarly research:
The main definition of curriculum here
is a scholarly field of study, which has
special boundaries and landmarks. We can
understand the common places and scope of
a field from recent writings and research on
a field of study [2,12] . What scholars talk
about and believe a field should be. The
main concept of this definition is curriculum
geography. It means we can consider the
curriculum as a country or territory with
special geography, with focus on metaphor
of mapping, a map of various regions of
the field and its landmarks. Curriculum in
higher education can be defined as a field
of study, which encompasses the some
realms and subsequent models (such as
postmodern movement, internationalization
of curriculum, development of curriculum
and post colonizing era in curriculum
studies).
II.   Toward a model for Experiential  
       (Lived) Curriculum
What is Experiential Curriculum?
The concept of lived curriculum is not properly
defined. In the second section of the paper it has
been tried to clarify this conception of curriculum
in higher education. Generally speaking lived or
experiential curriculum is what student experience
or what actually they learn based on their unique
backgrounds (, abilities, interests and so on).
Experiential Curriculum: A
Multidisciplinary concern?
The literature around this area can be found in
different field of studies. I have picked some famous collections in a few related scholarly fields:
Volume 6 / Number 1 / 2011
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Figure 1. The place of experiential curriculum in
different fields
1.  Curriculum Field
Curriculum was first imagined in 1918 when
Franklin Bobbitt wrote his book Curriculum
Work of Ralph Tyler who had introduced curriculum in the 1940’s as a linear process, which
starts with a clear identification of objectives
leading to curricular activities, which are in turn
assessed by evaluative criteriawas the second approach in curriculum making. (Minnes and Fels,
2006)
During the 80’s and into the 90’s, curriculum
theorists re-imagined curriculum as a complex,
multi-layered text. Max van Manen (1990) explored the concept of researching lived experience
as a curricular inquiry thereby inviting teachers to
understand curriculum as a pedagogical engagement that is lived. Ted Aoki interrogated the gaps
between curriculum-as-planned and the lived curriculum, and in later years explored the “spaces in
between.” Bill Pinar (2004) and Madeline Grumet
(1996) contributed to curriculum theory by highlighting the silences and unspoken elements of
curriculum, calling attention to the multiple decisions, and complex layers of social, cultural and
gendered engagement and relationships that influence curriculum development and delivery.
Curriculum became imagined not as a fixed
entity but as currere, the Latin word meaning to
run with, to run on a course, thereby fore fronting
action and becoming an integral component of action.From the 90’s onward, educators were invited
to consider curriculum and its practices from a variety of theoretical perspectives, bringing to light
issues of gender, race, class, and privilege. [13]
Curriculum theorists influenced by Freire’s [6]
work on pedagogy of the oppressed recognized
education as political action and challenged eduVolume 6 / Number 1 / 2011

cators to create curricular opportunities addressing voice, empowerment, and action that pertain
to the social responsibilities of educators.
A brief review on previous works about experiential Curriculum show that most of them tried to
identify and define the experiential curriculum as
a type of Curriculum in general education
For example Francis Klein [14] has identified
different types of curriculum including:
–– Academic curriculum
–– Societal curriculum
–– Formal curriculum
–– Institutional curriculum
–– Instructional curriculum
–– Operational curriculum
–– And experiential curriculum
John Good lad, an outstanding scholar in curriculum field held that there are actually five curricula:
–– The ideal curriculum
–– The formal curriculum
–– The instructional curriculum
–– The operational curriculum
–– The experienced curriculum
As it can be seen from the above classifications
four Major curricula in literature are:
1. Formal/Observed/Overt Curriculum
2. Hidden/Covert Curriculum
3. Operational/Taught/ Pragmatic Curriculum
4. Experiential curriculum
Adult Education
There is a strong literature in Adult Education
on nature and cycle of experience

Figure 2. Main curricula in literature
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2.  Adult Education
Different models on experiential leaning can be
found in many discussions of the theory and practice of adult education, informal education and
lifelong learning.
David A. Kolb [15] created his famous model
out of four elements: concrete experience, observation and reflection, the formation of abstract
concepts and testing in new situations. He represented these in the famous experiential learning
circle.
Kolb argues that the learning cycle can begin at
any one of the four points - and that it should really
be approached as a continuous spiral. However, it
is suggested that the learning process often begins
with a person carrying out a particular action and
then seeing the effect of the action in this situation.
Following this, the second step is to understand
these effects in the particular instance so that if the
same action was taken in the same circumstances it would be possible to anticipate what would
follow from the action. In this pattern the third
step would understand the general principle under which the particular instance falls. When the
general principle is understood, the last step is its
application through action in a new circumstance
within the range of generalization.

ing. To see these we need to trace out the trajectories on the diagram he produces

Figure 4. Jarvis’s model of experiential learning
According to Brookfield, writers in the field of
experiential learning have tended to use the term
in two contrasting senses[15].
On the one hand, the term is used to describe
the sort of learning undertaken by students who
are given a chance to acquire and apply knowledge, skills and feelings in an immediate and relevant setting. Experiential learning thus involves
a, ‘direct encounter with the phenomena being
studied rather than merely thinking about the encounter, or only considering the possibility of doing something about it.’ This sort of learning is
sponsored by an institution and might be used on
training programs for professions.
The second type of experiential learning is ‘education that occurs as a direct participation in the
events of. Here learning is not sponsored by some
formal educational institution but by people themselves. It is learning that is achieved through reflection upon everyday experience and is the way
that most of us do our learning.
3.  Psychology

Figure 3. Kolb’s model of experiential learning
Jarvis [16] set out to show that there are a number of responses to the potential learning situation.
He used Kolb’s model with a number of different
adult groups and asked them to explore it based
on their own experience of learning. He was then
able to develop a model of which allowed different routes. Some of these are non-learning, some
non-reflective learning, and some reflective learn86

Carl Rogers’s classification is the most important contribution of this field in experiential
curriculum. He was an influential American psychologist, who was the founder of the humanist
approach to psychology and psychotherapy or
Person-Centered Approach (PCA).
Rogers identified two types of learning. The
first type, cognitive, corresponds to rote knowledge such as learning the multiplication tables. He
considered this type of learning to be meaningless
in the long run. The second type, experiential, refers to applied knowledge such as learning to use
Volume 6 / Number 1 / 2011
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the computer in order to publish a paper. This he
considered to be of the most importance. The principal distinction is that experiential learning stems
from the needs and wants of the learner.
4.  Knowledge Management
Some models and approaches have been proposed in Informal and tacit learning specially
works of Peter Singe [16] on documentation of
knowledge in learning organizations.

lum. This can be different from the curriculum intended by curriculum designers and professors. Expected curriculum reflects students’ prejudgments.
This kind of curriculum can be studied during
student enrollment and course selections. Several
factors effect the student expectation about the
curriculum including previous experiences, hidden curriculum, previous learning, needs, problems of their life, propaganda and so on. The main
point here is defining the students’ expectations
and their influence on students’ performance. It
can be showed as follow:

III. Research Methodology
The research has been conducted at the Shahid
Beheshti University (The National University of
Iran), during the 2009 academic year. A qualitative/
collaborative method has been used as research
method. The Research population consisted of 10
postgraduate students enrolled in a course on educational technology. The research employed different
collecting data tools including interview, observation, journal writings as well as open questionnaire.
IV.  Findings
S It has been found based on collected data can
be considered different levels for experiential curriculum (different stages of experiencing a curriculum by students and reveal their curriculum and
teaching values) as follow:
1. Expected
2. Curriculum
3. Interactive Curriculum
4. Learned Curriculum
5. Institutionalized curriculum
1.  Expected curriculum
The first level of experiential curriculum is expected curriculum. It refers to what actually students
expect to learn in a course. For example, the students’ conception and anticipation of a course such
as psychology or curriculum before they attend to
the class or program is a type of expected curricuVolume 6 / Number 1 / 2011

Figure 5. Factor effecting on expected curriculum
There are some tools and techniques, which
need to be used for studying of expected curriculum
such as Situational analysis, Survey, Interview and
Focus group. Results of the study can be used for
various purposes including curriculum adaptation,
effective introducing of curriculum to student and
curriculum implementation without change.
2. Concealed Curriculum
The previous knowledge and background of
students about a specific curriculum that they
bring with them to class
It refers to the prior experiences a student
brings to school, personal background, previous
learning and a student’s style of learning.
Good lad [12] contends that the student may
bring about 75% of the experienced curriculum to
school as context to the teaching that goes on there
(p. 7). This leads, then, to a type of learning on
the part of the student that is concealed from the
teacher - very unintended and unknown. Study of
concealed curriculum needs to be taken the following stages:
1. Evaluation of the concealed curriculum (pre
request knowledge)
2. Segmentation of the audiences based on
concealed curriculum
3. Curriculum modification based on learners’
abilities and needs.
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3.  Interactive Curriculum
It refers to interactions between Faculty and
students during implementing a curriculum. It includes students’ interpretations and reactions on
what is being taught based on concealed curriculum. This type of curriculum can be described in
different scenarios including:

curriculum are not being attained and curriculum
implementation plan is fully neglected. The main
causes of this situation are Lack of knowledge,
skills and experiences of the teachers, challenging
of curriculum content by students, potential conflicts in class atmosphere and lack of resources.

3.1 Adoptive/ Objective Oriented Scenario
In this scenario, teaching in classroom is implemented successfully as it is supposed to do. Curriculum implementation is exactly based on prescribed curriculum without any change and students understand the teaching content without any
questions, challenges and criticism. This situation
seldom happens in reality.

Figure 6. Adoptive/ Objective Oriented Scenario

Figure 8. Off track /Resistance Based Scenario
3.4 Developmental Scenario
In this scenario, students not only understand the
curriculum and teaching contents but also contribute
in learning process by posing appropriate questions.
Here there is a good and mutual understanding between students and teacher resulting in extended curriculum content and moving beyond the
approved and intended curriculum. The objectives
of curriculum can be changed based on students’
requests and interests.

3.2 Delay or Critical Scenario
In this scenario, the curriculum implementation
takes more time than it was expected. This delay
is because of students’ questions, criticism, and
teacher’s descriptions for clarifying the ambiguous aspects of curriculum content.

Figure 7. Delay or Critical Scenario
3.3 Off track /Resistance Based Scenario
The third scenario reflects the situation within
which we have off track in curriculum implementation. It means because of various causes the
curriculum goal is lost and specific objectives of
88

Figure 9. Developmental Scenario
3.5 The Supportive Scenario
In this scenario curriculum is going to fail in
achieving the curriculum objectives. The formative evaluation is conducted by teacher shows
some dysfunction of curriculum.
This situation is created by several factors such
as:
–– Unrealistic curriculum goals and objectives
–– Big discrepancy between concealed curriculum and intended curriculum
–– Disregarding to students needs and problems
–– Ineffective curriculum design
In such a situation teacher might try to do
some kinds of curriculum adaptation. If teacher
Volume 6 / Number 1 / 2011
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is skilled, administratively supported and well
equipped, there is still chance the curriculum to be
succeed. Some times after curriculum modifications, it is still going wrong…

The following figure shows the potential interactions within ripple effect among various levels
of experiential curriculum

Figure 10. The successful Supportive/Reformative
scenario

Figure 11. The Unsuccessful Supportive/Reformative scenario
The Interactive curriculum should be recorded
by using interpretative and qualitative researches
4. Learned Curriculum
It refers to what actually students have learned
from teaching and implementing the curriculum.
The curriculum as reflected in learning assessment and evaluation and it’s comparison with concealed curriculum is the main outcome of studying
learned curriculum.
There are different methods including tests,
projects, learning contracts, sample works, self
evaluation, play and assignment which can be
used for study of learned curriculum
5. Transferring/ Institutionalized curriculum
This level of experiential curriculum refers to
learning outcomes in long term as reflected in students’ behaviors and transferring the learning to
real life/work situations. Transferring the curriculum to other situations and conditions is a function
of different factors.
Methods for research in transforming curriculum are Survey (graduates, classmates, family,
workplace…), pre test-post test design with control group and time series data
Volume 6 / Number 1 / 2011

It might be possible to consider soft and hard
levels for experiential curriculum. A directive
question which can be asked to clarify different
levels of experiential curriculum is like:” is there
anything in the field of Geology about different
soft and hard levels of earth to use here?”) In
general soft levels of experiential curriculum are
including expected, concealed, and interactive
curricula: they are easy to access for curriculum
developers and faculty members. Hard levels can
be identifies as learned and institutionalized curricula: They are not easy to access and modification.
Most curricula fail to influence these levels.
Target groups: Main and Marginal
Another component in understanding experiential curriculum is curriculum audiences, which can
be divided two different groups: Main and marginal audiences. Main audiences including Students who are attending at program and courses,
they are targeting by formal and instructional curriculum and their experiences can be called Main
Experienced Curriculum (MEC)
However, other groups are connected to the target groups (People such as families, friends, colleagues and so on). They are potential audiences
for the programs especially in some courses like
health, family planning education, environment,
safety education and so on. These people always
are out of focus and the curriculum efforts neglect
such a great opportunity. It can be called in this
model as Marginal curriculum
89
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Table 1. Experiential curriculum audiences

V.  Influence coefficient
Finally one of the most important and complex
component of experiential curriculum is Influence
coefficient There are some question which can be
asked in future studies in lived curriculum:
–– Is there any place to talk about the influence
coefficient of each curriculum?
–– Is there anything in communication
technology field about influence, which can
be used here?
–– Which parameters (Student, faculty, nature
of curriculum, time, environment...) can
affect on experiential curriculum?
–– How much is share of each factor?
–– Can we quantify the influence coefficient?
–– Is it possible to classify different curricula
based on degree of influence?
However, it can be said that Curriculum influence is a function of the following factors:
–– CI=f (SR, TC, CN, TA, EF)
–– SR: Student Readiness (interests, prior
knowledge, abilities…)
–– TC: Teacher Capabilities (abilities, interests,
motivations, experience…)
–– CN: Curriculum Nature (relevance, based
on needs, problem oriented, studentcentered…)
–– TA: Appropriate Time Allocation
–– EF: Environmental Facilities (resources,
facilities…)

90

VI.  Applications of experiential curriculum
model
Lived or experiential curriculum model proposed in this paper has various applications in curriculum studies in higher education including:
–– It is beyond of just development of curriculum. It is an effort to understand some part
of complex concept of curriculum in HE
–– It can be a research model for study of
curriculum in HE
–– It will provide effective input for curriculum
development and teaching in HE
–– It warns us to avoid giving ideal and
impossible promises as curriculum outcomes
–– It reveals the potential aspects of curriculum
results, not just, what we are trying to assess
–– It shows the complex job of curriculum
developers and practitioners
–– It respects to individuality
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Abstract
Purpose – This research was done on one sample (20 workers of different profiles and qualifications) in Zrenjanin. The Reason of this observation was the aim of observing occurences in small
workshops using the modified method of current
observations reggardless type of production and
technology. The object of observations was one
cycle of installing all necessarry parts for the machine that produces shaped plate.
Methodology – We used methodology called
the method of current observations, but slightly
modified. The stress was put on the cycles where
main actors were tools and people. The technology
of observations consisted of cycle observations,
gathering and notifying the gathered data and further analysis of the data. We didn’t ask the workers
directly in words or by a poll, but we did our observation without any contact with the employees
and all the employees had been told to do their jobs
naturally without having sense of being observed.
Results – Gathered data show several factors
that resulted from the observation that lasted several months, and in this paper we analyzed just
research of 15 days with 25 observations. Further
data showed possible slowdowns, which were statistically analyzed, and the most common types of
slowdowns.
Limit in the research – limitations of this research was just limitations connected to the number of cycles and the type of cycles that were ob92

served. This company has several cycles that have
certain technology, but due to the aim and the
form of this paper only one cycle is the key cycle,
because it is the most common and it demands the
most operations.
Originality and value – this research is specific because the method of current observations
is known in modern literature, but its modification
is something new and it is not analyzed enough.
Such a topic is not known in domestic industry,
which has many technological and financial problems, and there isn’t adequate climate in it that can
enable observations of cycles (and workers) using
the method of current observations
Key words: work sampling, smal workshop,
production cycles
Sažetak
Svrha – Istraživanje se sprovelo na uzorku koji
se nalazi u Zrenjaninu, i koji je sastavljeno od 20
radnika različitih profila i kvalifikacija. Kao razlog
posmatranja ovakvog uzorka bila je namera posmatranja pojava u malim radionicama, uz pomoć modifikovane metode trenutnih zapažanja, ne ističući
vrstu proizvodnje kao i tehnologiju. Ovde se posmatrao jedan ciklus koji podrazmeva montažu svih
potrebnih delova za mašinu za profilisanje limova.
Metodologija – metodogija koja se ovde primenjivala bila je tzv. metoda trenutnih zapažanja, ali
sa određenim modifikacijama. Te modifikacije su se
Volume 6 / Number 1 / 2011
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sastojale u stavljanju akcenata na same cikluse gde
su glavni akteri sredstva za rad i neposredni izvršioci odnosno ljudi. Tehnolgija istraživanja podrazmevala je prvenstveno snimanje ciklusa, beleženje
dobijenih podataka i dalju obrada podataka. Ovde se
nisu ispitivali radnici direktnim verbalnim načinima
kroz komunikaciju ili anketiranje, nego se snimanje
vršilo bez kontakata sa zaposlenima i ometanja u
njihovim operacijama. Time se omogućavalo da se
pojave realno posmatraju, kao i to da su svi radnici obavešeteni da svoje operacije vrše prirodno bez
osećaja da ih neko posmatra i beleži podatke
Rezultati – dobijeni podaci ukazuju na nekoliko faktora koji su jasno proistekli iz snimanja koje
je trajalo nekoliko meseci, a u ovom radu je analizirano istraživanje od 15 dana sa svakodnevnim
snimanjem od 25 puta. Dalji podaci su ukazivali
na moguće zastoje koji su se statistički posmatrali,
kao i to koja vrsta zastoja je najzastupljenija.
Ograničenja u istraživanju – ograničenja
koja su se javljala u ovom istraživanju bila su jedino vezana za broj ciklusa kao i vrstu ciklusa koji
se snimao. Ova organizacija ima nekoliko ciklusa
koji imaju određenu tehnologiju, ali u cilju i forme rada koja se ovde zahteva uzet je samo jedan
ciklus koji se može nazvati ključnim, jer je najzastupljeniji i zahteva najviše operacija.
Originalnost i vrednost – ovo istraživanje je
specifično jer je metoda trenutnih zapažanja prisutna u savremenoj literaturi dok je njena modifikacija nešto novo i još nedovoljno ispitano. Ovakva problematika nije još zastupljena u domaćoj
industriji koja već ima mnoge tehnološke ili finansijske probleme tako da se nije stvorila adekvatna
klima koja bi omogućima posmatranje proizvodnih cikusa (i ljudi) uz pomoć modifikovane metode trenutnih zapažanja.
Ključne reči: metoda trenutnih zapažanja,
male radionice, proizvodni ciklusi.
Introduction
This research observed one cycle in a small
plate workshop that has, beside classical cycles of
plate production, a cycle for making of the machines for plate processing.
Making of the machines is a specific field that
asks knowledge of several fields – nature of plate
Volume 6 / Number 1 / 2011

and its characteristics, material structure knowledge. Field that deal with the classical processing
of the plate – turning, milling, grinding etc.
On the other hand, it is necessary to have certain
experiences of technological solutions that meet
the demands of the market with all standards. By
this we mean that knowledge of profile of plates
that are currently necessary on domestic market,
their capacity and their long-lasting quality.
This research was based on occurrence observations that appear in cycles, which install parts
of the machines for shaped plates. The installment
itself demands for qualified workers of different
machines profession such as scrapers, milling machines operators and welders. Good, experienced
and qualified worker enables that each part fulfils
technical and safety standards as well as quality
work of a machine.
On the other hand, all parts must be made by experienced workers who make all the parts in certain
measures and according to the specific tolerances.
This research observed only one cycle, which
is part of this workshop, although 3 workers directly work on part installment and two workers
are scraper and milling machine operator.
Modified method of current observations will
give important data that will be the basis of slowdown presence, what type of slowdowns exist and
what is the most common type.
The aim in this paper is not to determine if there
are slowdowns, because each production has certain time vacuums or delays of different reasons,
justified or not, external or internal.
The aim of this research is to recognize slowdowns, their notification and making conclusions
why certain slowdown appear more or less. The
stress is to determine number of slowdowns, to determine which is the biggest and to solve this topic
and to do them through some organizing factors.
It will analyze reasons of those slowdowns, if poor
organization or people or technology is the main
reason.
2.  Modified method of current observations
Modified method of current observations is a
method discussed in domestic and foreign literature especially in university textbooks on Mecha93
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nical Engineering faculties. Modified method of
current observations is a modification i.e. it is corected basic method with the aim of gathering different data in order to shorten production cycles.
Modified method of current observations observes occurrences and it enables to notify machine in
cerain cycles i.e. it enables to determine when machine works and when the machine doesn’t work.
On the other hand its modification is also based on observations, but the object of observations
are personnel. Here machines are not the topic i.e.
only production cycles where workers are the most
important are observed. Such operations are mostly
installments, buliding in of certain parts or part
controls. In those cycles workers use different machines, but most of the work is manuel, so the most
important factor is worker. The skill and experience of a worker become evident because the worker
with fast and efficient movements enables quick installment nad makes qulity of its installation.
Each cycle has certain number of operations that
are part of installment or buling-in.Each operation or a phase demands certain skills, so that each
worker has similar production quota for how much
time each part should be built in or installed. The
research that we conducted came to the conclusion
that each phase had similar time of processing with
small deviation so that we can conclude that lasting
of certain operations can be derived from statistical
average time of all similar operations.
In other words, we concluded that by observing
any phase, in machine installment phase, the phase
had duration time from „n“ to „m“ minutes or hours.
If the amplitude, which gives the shortest and the
longest time, is not very big, observation of operations during 15 days of research can create midddle
time that can be representative for this research.
3.  Gathering data in Modified method of
current observations
Gathering data that was conducted in this research asked for several preliminary parameters
that are used for input data. On the other hand,
preliminary operations defined all the forms of
different forms used for writing down the data, the
manner of how to write, definition of observation
path, observation time etc.
94

The person who observed the occurrences (further Observer) didn’t have classical trajectory as it
was requested in classical method. Installment of
the machine for shaped plates is mostly concentrated on one place i.e. on one location where installment place, by installment of main construction, is defined. In that case, the observer walked
through the place without disturbing workers and
hew wrote down his observations. The location,
which can be defined as „ observation place” was
bordered by invisible path around the machine.
Time of observations is defined by table calculator MS excel and it was represented by randomly chosen figures. Gathered figures are afterwards
transformed in real times in the form of hours and
minutes.
The data should be readable and accurate and
if need for additional remarks appears the addition
should be visible and explained in details. All the
data were written in certain charts that had 2 types
of data – production time (in hours and minutes)
and the number of slowdowns in observed cycle.
The chart that shows the slowdowns had the form
to define 25 observations and possible slowdowns
in those observations. By adding average number of slowdowns we got the graph (see picture
1) where you can see slowdowns gradually from
the biggest to the smallest. It is important to emphasize that these are the average number of slowdowns, so that the received number is competent
for this research to show us that the certain slowdown occurrence is precise and valid.
Further research analyzed the data and their
presentation by means of charts or graphic pies
(Graphic Pie – Picture 2), which processed the
data by percentage of participation of extreme values in slowdowns.
Further research defined level of usage as well
as applying of common formula for binary disposition, which gave the possible projection of further
levels, but with „n” numbers of observations. The
graph that represented value of binary disposition
showed curve on the diagram (picture 3) which
was regularly defined. By modifying this graph
we could show the diagram (picture 4) of possible
values for certain number of observations.
At the end of the research there was a conclusion that was defined on the basis of gathered data
and on checking of all parameters.
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4. Research of the results for Sample,
Zrenjanin
The prodution oof this sample is stationary and
static when we have in mind that the company produces certain parts. Althiough making of the machines is serial production, the activities connected
with it are 90% connected to the one location and
there is not line continuity.
On the other hand, when the main construction of the machine is placed, all the activities are
done around it. Naturally, additional jobs such as
turning, grinding and milling are done on the other
places, but in one section in the radius of 30-50m.
Thus, the observation was based, not on the observation trajectory, but on the observation field
that was defined around the location where one
machine was made.
Each phase demands minimum one worker and
some material. The machine, and their presence, is
not compulsory for all the operations. This method
observed just people and occurrences connected
to the cycle where personnel are primary subject.

Picture 2. Participation of average number of
slowdowns in percents
The research also gave usage levels of chosen
cycle that can be given as formula
hем =

n (+)
n

=

11
25

= 0.44 ili 44%

n (+) – number of non-slowdowns appearances,
i.e. difference between number of observations
and average number of slowdowns (25 – 14 = 11),
4.1.  Usage levels given as binary disposition

Picture 1. Graph with average slowdown appearance in specific time for sample Zrenjanin (15 days)
Chart 1. Participation of average number of
slowdowns in percents for sample Zrenjanin
Types of slowdowns

% Participation

To - org.

22.03

Tm - mater.

23.73

Tkm – machine failure

11.86

Ta - ned. maš.

10.17

Ttr - trans.

11.86

Te - energ.

13.56

Tc - people

6.78

Tos - other

0.00

Binary disposition as statistical method enables
to determine by using binary coefficient probability that certain number of favorable results (or
working cycles) will occur in certain number of
observations in certain time intervals. Formula for
binary disposition is:
P(x) =

n!
x! (n – x)!

x

pxqn–x

Where is:
x – cycle in working process or in slowdown,
n – number of observations,
p – “success” probability
q – “failure” probability

100.00
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Chart 2. Usage levels for the cycle of installing
of the machine for shaped plates
Recording
No.

Number Coefficient
of
of
recordings utilizations

0

25

0.44

0.00000050664

1

25

0.44

0.00000995188

2

25

0.44

0.00009383206

3

25

0.44

0.00056522643

4

25

0.44

0.00244258563

5

25

0.44

0.00806053259

6

25

0.44

0.02111091870

7

25

0.44

0.04502226539

8

25

0.44

0.07959293346

9

25

0.44

0.11812602029

10

25

0.44

0.14850128265

11

25

0.44

0.15910851712

12

25

0.44

0.14584947403

13

25

0.44

0.11459601531

14

25

0.44

0.07717690827

15

25

0.44

0.04446859953

16

25

0.44

0.02183725870

17

25

0.44

0.00908356559

18

25

0.44

0.00317203878

19

25

0.44

0.00091822175

20

25

0.44

0.00021643798

21

25

0.44

0.00004049010

22

25

0.44

0.00000578430

23

25

0.44

0.00000059280

24

25

0.44

0.00000003881

25

25

0.44

0.00000000122

Picture 3. Diagram received by general probability for binary disposition
96

In the next part of this paper by observing the
curve created by the diagram ,we can conclude
that the curve has definite on the basis of which
we can project further diagram of movement depending on „n“ observations.

Picture 4. Possible diagram of movement of usage
level depending on the number of observations
5. Comments of the research and
conclusion
The data gathered in the research enabled to see
certain defaults of the organization or lack of material and it can be seen through the graphs that the
biggest part consists of these slowdowns. These
slowdowns gave extreme values in numbers and
thus they represent the key factor for the analysis
that gave such results.
On the other hand, when we watch more closely levels of the usage we must admit that the level
is not 50%, i.e. it is 44% and it is not satisfactory
and with better organization it can be improved for
20%-30%. Naturally, it would be a masterpiece if
we could organize the production so that it would
be perfect and that the level of usage would be 1
i.e. 100%. The production, as a set of certain cycles, phases and technology, consists of a number
of factors as well as a specific system and it tends
to have all the parts functioning in the best way for
the organization. But the experience tells us that
it is not always the case, but it also tells us how to
reorganize the problems and how to improve the
participation. This method with the modification
enables to see the problems (slowdowns) and even
to define the problems through values that showed
us certain extremes.
The research concluded that the main problem
of cycle slowdown is organization and undue delivery of the materials, which can be related also
to the poor operation management. Bad hierarchy,
Volume 6 / Number 1 / 2011
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especially in small workshops, is the factor of the
major influence.
On the other hand, the research showed that
during the making of the machines there is slight
usage of software specialized in certain technologies – CAD systems for technical documentation,
Project systems for organization of work, materials and personnel.
The only software that was used was CAM system for generating NC code for grinding certain
samples for measures for processing of machinery
elements with CNC technology and it was used
from time to time.
Hierarchy as basic organizational problem
– On the field we noticed that hierarchy was badly
created and badly organized. Wee can call this hierarchy „shallow hierarchy“and it is certain that
this kind of hierarchy is typical for a great number
of small work organizations.
We can characterize it as an autocrat style
of leadership. Autocrat style of leadership is organized in small companies and as the company
grows it should be transformed to the style adequate to the changes (9, pg. 256).
Naturally, on the top the owner, entrepreneur
or the boss – how the workers call him.

Picture 5. “Shallow hiererchy“ (19, pg. 162)
“Shallow hiererchy“ has the consequence that
the employee gets a large number of input information and he doesn’t want to share them with
the employees thinking that it will jeopardize his
leadership. This „Henry Ford“ leadership style
makes confusion in the organization and enables
the owner to change his instructions daily.
If this hierarchy structure changes by adding
just one level, the number of information will decrease and thus it will make job decisions easier.
This means that the employee has less information
to think about in order to make decision and it also
enables the workers to become more reliable and
they can feel as part of the organization. This feeling can be a good motivation for the workers.
Volume 6 / Number 1 / 2011

Picture 6. Recommended hierarchy for small
workshops up to 20 workers (19, 161)
Insufficient software tools usage – Part of this
recommended model is greater usage of computational techniques in organizing business activities. Modified method of current observations was
done during several months for several production
cycles in this organization and during that time we
didn’t see any computer usage in this sample.
The only software that was used was CAM system for generating NC code for grinding certain
samples for measures and it was used from time
to time. In other words, they used software only
when there was no other way to solve the problem. Making of machinery elements using CNC
technology enables quick and precise processing
of the samples and sometimes if a part has specific
shape, this technology is irreplaceable.
Because of such a characteristics, certain operations demanded CAM technology as a necessary method of processing. On the other hand,
where they can solve the problem without using a
technology, they solved it without technology, but
this logic led to the prolongation of certain phases
of cycle and all the work was delayed. The most
common problem of poor organization and insufficient software tools usage is the way how the
owners of those organizations think.
First, there is hostility to the modern technologies and they tend to keep traditional work methods. This can be defined as antagonism to the
changes in management literature. This means
that this is the unacceptance of certain organizational changes even if all the advantages of new
method are clearly explained. The rule – the team
that wins shouldn’t be changed – doesn’t apply in
certain situations where other teams (competition,
market) constantly change with fast technological
or organizational changes.
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Abstract
This paper presents an approach to the design
of an optimization model for selection of the development strategy in the industry of cutting tools.
The paper focuses on analyzing and defining criteria for the formation of multiple-criteria model for
ranking of investment proposals. The analysis was
performed in specific and unfavorable economic
circumstances: a relatively small amount of available capital, dependence on imported materials and
technology equipment, unfavorable balance of foreign trade. This paper presents an example of multi
criteria ranking of six development programs for
specific conditions in the production of cutting tools.
Key words: Multi-criteria optimization, development strategy
1. Introduction
The selection of investments is one of the most
important decisions in industrial production. The
choice of optimal development programs results
in a substantial and long-term consequences in all
aspects of the business. The high degree of integration in modern production and the world economy, dependence on imported materials and technological machines and competition in the global
market impose a need for a marked selectivity
within the existing programs and especially within
the new development programs in the industry.
Volume 6 / Number 1 / 2011

The influence of new technologies development
planners is limited if they do not possess the appropriate criteria for evaluating their performance.
The practice emphasizes the importance of this information and highlights the need for an adequate
system of criteria. On that basis, the evaluation
should be carried out effectively and objectively,
by comparing newly designed solutions with each
other and the new ones with the existing solutions.
This problem requires a multi-criteria model for
an objective evaluation of designed solutions.
This paper presents a multi-criteria model with
specific characteristics of the production of cutting
tools. The paper describes the individual stages in
the design of a model for selection of development
programs.
Many authors suggest that the financial crisis
today has a global character, highlighting its essential features [1]. The model is formed under
the influence of specific industrial and economic
circumstances and characteristics of production:
–– The relatively small amount of capital
available and the relatively large amount of
human labor
–– Difficulties in securing foreign currency and
foreign law on the import of technological
equipment
–– The adverse balance of foreign trade
The aforementioned business characteristics
affected the selection of criteria, their importance
and the basis for multi-criteria ranking of alterna99
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tives. The proposed multi-criteria model is a specific solution applicable in difficult economic and
business conditions.
Demonstration and practical procedure for
checking the designed methodology were carried
out on six development programs for specific conditions of production of cutting tools. Multiple-criteria ranking of alternatives was carried out by the
widely applied method of Compromise ranking.
Application of the multiple criteria decision
model is a powerful technology that significantly
improves the decision-making [2]. Today is emphasized a great importance of modeling and optimization in a wide range of its application [3], [4].
By the use of a multi-criteria model and a system of relevant criteria, we can describe all the
complexity of problems and the selection of development programs and create a basis for objective decision-making and ranking of alternatives.
Multi-criteria problems often represent analysis of
conflicting goals, such as costs, effectiveness and
productivity [5]. Considering the project management under risk, Huchzermeier and Loch [6] distinguish five types of uncertainty:
–– market payoffs
–– project budgets
–– product performance
–– market requirements
–– project schedules
Considering the importance of financial and
economic effects in the selection of investment
projects, great attention is paid to the development
of decision support systems [7], [8] and their analysis [9] - [11].
The purpose of the multiple criteria model is
to help managers in developing strategic options,
primarily in complex and uncertain environment
[12]. However, it should be noted that users of real
models should understand the quantitative aspects
of these models, where it is often necessary to create a customized model for each situation [13].
Decision making is a complex process, with
a number of stages in the collection of information, design and choice of models [14]. In this
paper, we applied the technique of Compromise
programming for the ranking of alternatives [15].
This method is relevant and is undergoing development and improvement by many authors [16]100

[18]. Method of Compromise programming is
widespread in the multi-criteria decision-making
[19], [20] and in the development of models for
production processes [21] - [23].
2. The system of elimination criteria
The proposed approach to the selection and
choice of development programs is carried out in
several stages. For the purpose of mutual comparison of various development programs, it is necessary to create two systems of criteria. The first
step is the formation of a criteria system. Each of
the considered investment alternatives should be
“filtered” through it.
Those proposals that pass through this system
of criteria are evaluated as “good” or “acceptable”.
All projects assessed as “acceptable” can be mutually compared and evaluated in order to choose
the best among them, so that each of them can go
through another system of criteria - a system of
criteria for ranking investment proposals.
The system of elimination criteria is established in accordance with the specific state of the
economy (a relatively small amount of available
capital, dependence on imported materials and
technology equipment, unfavorable foreign trade
balance), Table 1.
Table 1. The system of elimination criteria
Ordinal
number

Criterion

1.

The liquidity of the project - the
current value of the project

2.

Foreign currency effect

3.

Ability of finance investment

4.

Impact on the ecological system

By the system of elimination criteria, we can
eliminate those development-investment proposals that do not meet the minimum requirement of
“eligibility”.
In order to compare and rank the development
programs that have passed the elimination test, a
multiple criteria base should be designed to evaluate the proposed alternatives by the relevant criteria. In this way, a prerequisite for multi-criteria determination of development programs is created.
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3. Multi-criteria basis for the ranking of
projects
Based on the most applied dynamic criteria
for evaluation of investment projects (the present value of the project, rates of return, payback
period, etc.), their characteristics and potential applications, it was decided to use the rates of return
criterion as a complex indicator of investment.
The advantage of this criterion, in relation to the
others, is that it does not require pre-determining
of the rate of current affairs. Rate of return is a
universal criterion and can be used for evaluating
projects with different activities in different economic conditions. The high value of rate of return
can be achieved with the unsatisfactory effects
between imports - exports and lead to significant
borrowing. The high rate of return can be achieved
with the irrational use of available resources: investment capital and labor. Rating based on rate of
return is a global image that needs to be focused in
accordance with the specific characteristics of the
production of cutting tools.
The second set of criteria complements the image obtained based on rates of return, marking the
specific characteristics of this production. These
criteria are: import dependence and efficiency of
investment per structural elements of investment.
The criterion of import dependence is reflected
in the presentation and consideration of the differently expressed dependence of certain development programs on imported materials and imported machines.
The evaluation of production success related to
the development programs takes into account the
structural indicators and assessment of efficiency of
investment per structural elements of investment:
embedded material, fixed assets, and accordance
with the relative importance of criterion indicators.
This allows the designers to participate more actively in the choice of development programs.
The third set of criteria of designed multi-criteria base is a requirement for all-round view of the
developmental orientation. This position was highlighted by: foreign currency profitability of a project
and its sensitivity to change of the input-output values. Characteristics of each of these criteria (Table
2.) are described in this paper, and for each of them
rankings of development programs are performed.
Volume 6 / Number 1 / 2011

Table 2. Multi-criteria base
Serial
number
1.
2.
2.1.
2.2.
2.3.
3.
3.1.
3.2.
4.
5.

Criterion
The rate of return
Efficiency of investment per structural
elements of investment
Profits relative to investment in fixed
assets
Profit in relation to the embedded
material
Profit in relation to the inlay work
Import dependence
Analysis of the participation of
imported technological equipment
Analysis of share of imported raw
materials
Profitability of foreign exchange
Analysis of a project sensitivity
to change of the input and output
variables

4.  Efficiency of investment per structural
elements of investment
Rate of return criterion is a complex indicator,
but it still may not be sufficient to obtain a comprehensive picture of the entire investment process,
with all the positive projections. The high value of
rate of return of an investment proposal, as the only
indicator, is not sufficient to guarantee its overall efficiency, because the investor may accomplish this
result with negative financial effect or with high
dependence on import of machinery, materials and
so on. These negative characteristics are expressed
with a negative impact on foreign trade balance.
In this sense, it is necessary to supplement the image by analysis and assessments of the rate of return achieved in real conditions and in accordance
with the characteristics of development of investment proposals. All this creates a need to introduce
partial criteria, which is very important because it
provides additional structural explanation for the
overall efficiency of investment.
Accounting effects of the criteria established
by the rate of return can be more or less useful.
That cannot be defined if only this criterion is
used. It must be taken into consideration that dif101
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ferent investment proposals can achieve the same
or approximate rate of return, but with different
structural elements of investment, which is of
great importance in real conditions.
To determine the relative importance of the criteria of the investments efficiency per structural
elements of investment, a correlation analysis was
performed between the ranking values obtained
by this criterion and the criterion of rate of return.
Based on the ratio of present values of the
achieved results (expressed as total revenue or
profit) and total assets, the rank of the values of
considered investment proposals was obtained.
It showed a correlation with the rank of values
obtained by the criterion of rate of return, which
gives equal relative importance of these criteria.
Correlation between the rank of values of the
considered development alternatives, obtained by
the criterion of relation between the current values of total income and total investment, and the
rate of return criteria, showed a close correlation
(correlation coefficient r> 0.7). The criterion of
present value of profits, in comparison to the total investment, has been developed per structural
elements of investment in materials, capital goods
and labor. Efficiency of investment per structural
elements of investment is given in Table 3 and
shown in Figure 1 and Figure 2. In addition, the
alternatives have the following tags:
A - Carbide tools
B – Endmills
C – Reamers
D – Dies
E – Starters
F - Twist drills

Figure 1. Profit in relation to structural elements
of investment
The highest efficiency of investment per structural elements (Figure 1) can be achieved by investments in fixed assets, and the lowest by investments in embedded material.
The structural elements of investment have
different importance in the considered economic
conditions. These impose specific characteristics
of the analyzed state of the economy: a relatively
small amount of available capital and a relatively
large amount of human labor. Such a distribution
of structural elements stresses the importance of
investments in labor-intensive activities relative to
capital-intensive ones.
Development programs with the greatest share
of import of technological equipment, such as programs F - Twist Drill and B - End mills, have the
lowest efficiency of investment in terms of fixed
assets costs (Figure 2), but the highest efficiency
in terms of invested work. In other words, these
programs have the characteristics of capital - intensive activities.
There is a logical demand to increase the efficiency of investment per deficient resources,
and that means the material, financial resources.
By putting profit in relation to the invested work,
investing in activities with a high share of used
capital and low labor participation is forced,

Table 3. Efficiency of investment per structural elements
Rank

Profit / Material

Rank

Profit / Fixed Assets

Rank

Profit / Work

1.

C

2,28

1.

A

6,68

1.

B

4,46

2.

D

1,82

2.

D

5,14

2.

F

4,29

3.

B

1,66

3.

E

4,36

3.

A

3,87

4.

A

1,41

4.

C

4,12

4.

C

3,31

5.

E

1,37

5.

B

3,48

5.

E

2,86

6.

F

0,63

6.

F

3,38

6.

D

2,66
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which does not contribute to overcoming existing
disparities between available financial resources,
shortage of capital and significant potential in the
available labor force.

Figure 2. Profit in relation to structural elements
of investment
When considering the efficiency of investment
per structural elements of the investment, we should
primarily seek to increase the efficiency of investment in relation to the corresponding unfavorable
factor, which is capital investment. In this regard,
we stress the importance of evaluation of the efficiency of investment in fixed assets and the required
material, but we do not neglect the operational efficiency of investments in invested work. This indicator gives the relative importance of an adequate current conditions and development orientation. This
attitude gives an additional aspect of the efficiency
of the system for ranking development programs.

5. Analysis of the impact of import
dependence and the assessment of the
relative importance of this criterion
The great differences between different programs, in dependence on the imported materials
and imported technological equipment, require a
particular attention.
There are significant differences in the proportion of imported technological equipment in the
implementation of development programs. Present difficulties in securing foreign currency and
foreign law on the import of technological equipment emphasize the importance of this indicator.
Together with the fact that increased participation
of imported equipment influences the increase of
possibility for negative occurrences, such as dependence on spare parts and interventions on specific maintenance tasks performed by the foreign
manufacturers, it all reduces profits and financial
effect (through foreign currency payments abroad,
spare parts and maintenance interventions). All
these reasons and characteristics of the production and economic conditions make the criterion
of import dependence as significant as other criteria. Rating and ranking of all six development programs based on dependence from imported raw
materials is given in Table 4, based on dependence
on imported technological equipment in Table 5.

Table 4. Rank-based development programs depending on imported raw materials
Rank position

Label

Program Name

Dependence on imported intermediate goods

1.

A

Carbide tools

17%

2.

C

Reamers

71%

3.

E

Starters

75%

4.

B

Endmills

78%

5.-6.

F

Twist drills

80%

5.-6.

D

Dies

80%

Table 5. Ranking of development programs based on dependence on imported technological equipment
Rank position

Label

1.

D

Dies

28%

2.

E

Starters

31%

3.

A

Carbide tools

41%

4.

C

Reamers

56%

5.

B

Endmills

71%

6.

F

Twist drills

78%
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6.  Criteria of foreign currency profitability
Unfavorable status of foreign trade exchange
and rational development choices emphasize the
importance of a positive financial effect of development programs. In this sense, the foreign currency profitability of the project stands out as a
contemporary and durable indicator of success of
any program. This criterion has major importance
in the highly export-oriented programs that also
have a significant participation of import potential.
The criterion of profitability of foreign currency can be defined as the ratio of actual economic financial effect and the total value of investments.
The rate of foreign currency profitability calculated as:

ηr f =

N DEj
I Pj

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

where:
NDEj – present value of net financial effect of
the project (j) which can be determined from the
expression:
NDj = KDEj – Idp
KDEj – cumulative present value of the financial effect for the project (j)
Idp – present value of foreign investment for
the project (j).
For all the analyzed programs, the value of the
foreign currency effect was determined per years
of exploitation and on the basis of realization of
calculated cumulative present value of foreign
currency effect and calculated rate of foreign currency profitability of the project. By this analysis,
ranking of alternatives based on rate of foreign
currency profitability is determined (Table 6).

7.  Analysis of sensitivity to changes of input
and output values
In order to get quality conclusions on the development of investment projects, the evaluation of
results of the changed conditions in relation to the
planned value of the project can be done. A rational approach to development and investment activity demands that certain planned values which
have the highest influence on the effects of investment, except the most probable (planned) values,
are joined with other values which can be realized
in conditions of uncertainty.
The planned factors that cannot be evaluated
with complete certainty appear in the project.
Therefore, it is necessary to perform a sensitivity
analysis in order to determine the impact of possible changes of the most influential factors on
evaluating the investment.
Sensitivity analysis can be performed in the
following way:
–– Identification of the most influential factors
related to the effects of investing and
evaluation of possible deviations under
conditions of uncertainty in relation to the
projected value.
–– Calculation of the impact of changes on
the effects of investment in conditions of
uncertainty
–– Determining of the final sensitivity of the
project to the assumed deviations from
the designed values, and if necessary,
determining of the limit (maximum or
minimum) values with which the project
remains affordable.
In order to assess the sensitivity of different developmental - investment projects, it is necessary to
perform sensitivity analysis in terms of implemen-

Table 6. Rank of alternatives based on rate of foreign currency profitability
Rank position

Label

1.

A

Carbide tools

3,26

2.

E

Starters

2,63

3.

C

Reamers

2,30

4.

D

Dies

1,87

5.

B

Endmills

1,52

6.

F

Twist drills

0,12
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tation of adverse circumstances in relation to the
planned values. Based on the analysis in this production and the market conditions, “pessimistic” alternative can be assumed as well with the following
possible deviations from the planned values:
–– Reduction of unit sales prices by 5%
–– Decrease in production volume by 10%
–– Increase in cost of materials by 10%
–– Increase in technological equipment value
by 15% (i.e. increase of the purchase price
of imported equipment for more than 20%)
–– Increase of personal income by 20%
Estimation of the impact of these changes on the
efficiency of investment - values of the rate of return in particular, was made for all six development
programs. For every possible deviation, return rate
was estimated per each investment alternative.
Programs 1, 2 and 3 were estimated as acceptable after sensitivity analysis, and the programs 4,
5 and 6 as unacceptable (p<35%). The influence
of the assumed “pessimistic” variations on the example of C is shown in Figure 3.

relation to the abscissa (change of the rate of return)
leads to the less prominent sensitivity, and vice versa. Influence of simulated deviations is consistent
regarding all the analyzed investment alternatives.
Taking into account the different variations
that can occur in the future and their impact on
the results of investment analysis is becoming a
necessity. This was confirmed by the convenient
method of simulation of different influences,
which emphasized the importance and the weight
of the criteria.
Development and investment projects which
had passed the elimination test, i.e. criteria, can be
compared on the basis of criteria for development
programs ranking. Multi-criteria database has
been formed for ranking the investment proposals;
it consists of five relevant criteria, and eight indicators of different importance. For all six development programs, the corresponding values were
calculated per all the criteria and shown in Table
7. On the basis of these values, the alternatives can
be compared with each other and ranked.
Altenative A - Carbide tools
Altenative B - Endmills
Altenative C – Reamers
Altenative D – Dies
Altenative E – Starters
Altenative F - Twist drills
8.  Multiple criteria ranking of alternatives

Figure 3. The influence of assumed “pessimistic”
variations on the example of C
The figure shows a different intensity of possible
deviations impact. Programs are the most sensitive
regarding the possibility for the reduction of the
unit sales price, and the least sensitive regarding the
potential increase in personal income. The higher
angle of the line of possible deviations impact in
Volume 6 / Number 1 / 2011

The development of natural multi-criteria basis
for comparison of development programs gives
an opportunity for implementation of methods for
multiple criteria optimization, by which a picture
of the overall benefits of certain programs over
others can be achieved. In this paper, the best
choice of alternative was made by Compromise
programming. Compromise programming is a
method of multi-criteria optimization for ranking
of the compared alternatives based on measures
(metrics) of the alternatives distance from the best,
ideal alternative. Compromise solution the closest
to the ideal one, based on measures of adopted distance, is found by this method. In this paper it is
applied the mathematical model of this method (2)
- (5), more in [24]. As a measure of the distance
from the ideal point, the following metrics is used:
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Z2=1

Z3=1

5. Sensitivity analysis to
changes of input values

4. Profitability of foreign
exchange

3.2. Analysis of share of
imported raw materials

3.1. Analysis of the
participation of
imported technological
equipment

2.3. Profit in relation to
the inlay work

Z1=1

2.2. Profit in relation to
the embedded material

1. Internal Rate of Return

Weight of criteria

2. Efficiency of investments per
3. Import dependence
structural investment elements
2.1. Profits relative to
investment in fixed
assets

Criteria

Table 7. Multi-criteria database for ranking the alternatives

Z4=1 Z5=1

Z2.1.=0,4

Z2.2.=0,4

Z2.3=0,2

Z3.1.=0,5

Z3.2.=0,5

0,08

0,08

0,04

0,1

0,1

0,2

0,2

Overall relative importance 0,2
f1

f2

f3

f4

f5

f6

f7

f8

Request

max

max

max

max

min

min

max

max

A

24

6.68

1.41

3.87

41

17

3.26

1

B

21

3.48

1.66

4.46

71

78

1.52

1

C

18

4.12

2.28

3.31

56

71

2.3

1

D

20

5.14

1.82

2.66

28

80

1.87

0

E

14

4.36

1.37

2.86

31

75

2.53

0

F

12

3.38

0.63

4.9

78

80

0.12

0

Tag of alternatives

Designation of criteria

[

]

1/ p

p
n
L p ( F *, F ) = ∑ f i * − f i ( x) 
 i =1


1≤ p ≤ ¥

......................................... (2)
In addition, p is stated as a balancing factor between total utility and maximum of individual deviations. By minimization of these metrics, a compromise solution is determined. Initial data for the
application of this multi-criteria optimization are
shown in Table 7.
For each of the six compared alternatives (A,
B, ..., F), by applying the method of Compromise
programming, a deviation from ²ideal² one is determined. Mathematical model that defines a request
for a bigger sum of group utility is the following:
9

(

)(

)

S j = ∑ wi f i * − f ij / f i * − f i − . ............ (3)
i =1

where:
fi* = max fij		
fi- = min fij		
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i = 1, ..., n
i = 1, ..., n

i – ordinal number of criteria, i = 1, ..., n
j – ordinal number of alternative, j = 1, ..., J
fij – value of i-th criterion function for the j-th
alternative
wi – relative importance of criteria
By application of formula (1) the calculation
related to the considered alternatives and the value of their criteria is performed. In Compromise
ranking, there is a request that a good alternative
may not be very bad for any of the criteria used.
Such a request (za p=¥) is defined on the basis of
relations:

(

)(

)

R j = max wi f i * − f ij / f i * − f i − ............ (4)
i
In this method, two independent rank of alternatives Sj i Rj are formed. Based on the first one,
the request for maximum group benefit is expressed. Based on the second one, request for a
minimization of the maximum deviation from the
ideal alternative is expressed. The results are presented in Table 8.
Volume 6 / Number 1 / 2011
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Table 8. Sj i Rj rank of alternatives
Rank of
alternatives

Si

Ri

1

A=0.081

A=0.042

2

C=0.390

C=0.100

3

B=0.451

B=0.111

4

D=0.638

D= E= F =0.200

5

E=0.647

6

F=0.964

ing, which is the final ranking of the compared
alternatives, is obtained. Multi-criteria ranking of
the compared alternatives is presented on the basis
of measures Qj.
A sensitivity analysis was performed by varying the complexity of decision strategy (v) in the
range of 0≤v≤1. This is presented in Table 9 and
graphically illustrated in Figure 4.

Compromise ranking list was obtained by measure Qj, substituting the appropriate values in the
expression:

(

)(

)

(

)(

)

Q j = v S j − S * / S − − S * + (1 − v) R j − R * / R − − R * ;

j=1, ..., J ................................ (5)
where:
Rj = max wi (fi* - fij)/( fi* - fi-)
S* = min Sj S- = max Sj
R* = min Rj R- = max Rj
j – ordinal number of the alternatives, j = 1, ..., J
v – complexity of decision strategy
Compromise ranking list combines measures
Sj and Rj. In this way, compromise measure Qj is
formed. By this analytical relation, general rank-

Figure 4. Graphic representation of the stability
of the ranking list of compared alternatives.

Table 9. Sensitivity analysis with respect to the complexity of decision-making strategies
Weight of decision strategy (v)

Alternative
(Activity)

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

A

0

00

0

0

0

0

0

0

0

0

0

B

0.435

0.433

0.432

0.430

0.429

0.427

0.426

0.424

0.422

0.421

0.419

C

0.366

0.365

0.363

0.362

0.360

0.358

0.357

0.355

0.354

0.352

0.350

D

1

0.954

0.907

0.861

0.815

0.768

0.722

0.676

0.629

0.583

0.537

E

1

0.964

0.928

0.892

0.856

0.821

0.785

0.749

0.713

0.677

0.641

F

1

1

1

1

1

1

1

1

1

1

1

Rank of alternatives according to the weight of the decision strategy (v)
1

A

A

A

A

A

A

A

A

A

A

A

2

C

C

C

C

C

C

C

C

C

C

C

3

B

B

B

B

B

B

B

B

B

B

B

4

D,E,F

D

D

D

D

D

D

D

D

D

D

5

E

E

E

E

E

E

E

E

E

E

6

F

F

F

F

F

F

F

F

F

F
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Based on the performed analysis of stability of
the ranking list of compared alternatives, it can be
concluded that the alternative A - Carbide tools
represents a favored alternative, regardless of the
complexity of the decision-making strategy, while
alternative F - Twist drills is placed last.
At the least complex decision-making strategy,
alternative D - Dies and E - Starters are placed
last, together with the alternative F - Twist drills.
By increasing the complexity of the decisionmaking strategy, they become significantly more
important, but maintain the fourth and fifth rank
of alternatives.
Alternative B - Endmills and C – Reamers, in
the whole area of decision-making, take values
between one third and one half of the scale of deviation from the ideal one. In addition, alternative
B - Endmills is favored compared to C.
It can be concluded that in almost the whole
range of decision-making strategy, rank alternatives are:
A → C → B → D → E →F
Based on the analysis, a pure preferential structure is found, i.e. each alternative retains its ranking position in a wider range of complexity change.
The alternative A - Carbide tools, represents an alternative which should be emphasized, because it is
the most competitive, in contrast to other compared
programs in production of cutting tools.
9. Conclusion
This paper presents an approach to multi-criteria
decision analysis and ranking of alternative development programs in the particular circumstances of
the economy. A relatively small amount of available capital, dependence on imported materials
and technology equipment and unfavorable foreign
trade balance represent an adverse economic environment for making decisions on development programs in industry. This paper presents an approach
to design of models for the selection of development programs in these specific economic circumstances. Designed methodology refers to the issue
of ranking the development alternatives for the industrial production of cutting tools.
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Based on the analysis of specific economic circumstances, the paper includes the discussions on
the selection and characteristics of certain criteria
with the aim of forming the basis for ranking alternatives. The paper discusses all significant steps
in the design of such a multi-criteria model. The
proposed methodology defines two stages in the
development of such a multi-criteria model.
The first stage is the selection of possible alternative by the system of elimination criteria.
The proposed criteria (The liquidity of the project,
Foreign currency effect, Ability of finance investment, The project impact on the ecological system) eliminate development-investment proposals
that do not meet the minimum requirement of “eligibility”.
The second phase is the selection of criteria for
ranking alternatives. Based on the observed characteristics of the economic environment, some criteria are highlighted and discussed:
–– The rate of return
–– Efficiency of investment per structural
elements
–– Import dependence
–– Profitability of foreign exchange
–– Analysis of a project to change the input and
output variables
The emphasis of this paper is placed on an optimization model for criteria selection of the development strategy in the industry of cutting tools.
Analysis and selection criteria presented in this
paper represent a universally applicable model of
the specific criteria optimization in adverse economic circumstances.
According to the ranking if six development
alternatives, by using Compromise programming,
a concrete example for the use of such multiplecriteria model is presented. Implementation of
multi-criteria analysis, in a way it is done in this
paper, reduces the influence of subjective decisions in selection of the best alternative. The solution closest to the ideal one is obtained by using a
strict mathematical model and exact approach to
decision making.
However, one of the biggest problems in the
application of multi - criteria optimization is still
the selection of the relevant criteria and alternatives. By formation of a base model for multi - criVolume 6 / Number 1 / 2011
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teria decision making, as is the case in this article,
the decision maker is given support for this most
sensitive step.
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Abstract
This paper discusses the problem of choosing the suppliers of raw materials in real conditions. This problem is very important in many industries. With the purpose of reviewing this problem more objectively, the paper suggests that the
selection of suppliers of raw materials should be
done by using utility theory, more precisely, by using the Multi-Attribute method of usefulness with
the additive forms. Based on the given example of
selecting the suppliers of raw materials, using the
aforementioned methods, the conclusion is that utility theory and multicriteria analysis can be successfully applied in solving the problem of choosing the
suppliers of raw materials. Depending on specific
conditions, it is possible to change the criteria and
their importance. Also, it is possible to apply other
methods of multicriteria analysis in the problem of
choosing the suppliers of raw materials.
Key words: purchasing raw materials, choice,
theory of utility, Multi-Attribute method of usefulness.
1. Introduction
In the eighteenth century, a great interest in
gambling (lottery) has emerged, which was related to situations of uncertainty. The aim was
to study the way that gamblers make decisions:
which of possible situations (outcomes) should be
selected and thereby increase the chances of winning? Consideration of gambling situation in the
theory was applied to a coin tossing, dice analysis
Volume 6 / Number 1 / 2011

and card games. All these situations always have
financial outcomes. It was therefore possible to
estimate the probability of occurrence of certain
events, and hence the expected value of profits. In
these games: (Buchanan, 1982)
–– good gambling was the one which provided
the expected benefits,
–– the best gambling was one that provided the
greatest benefit.
Subjective assessment of probability (of an individual or a group of people) represents the numerical assumptions of beliefs and preferences of different people. These numerical assumptions are reflected in the expected utility of income (utility) in
the situations facing decision-makers with the risk.
Assignment of preferences is relatively easy in
situations where the gains are expressed in money
(it is logical that the higher profit is more desirable). However, in some situations, the allocation
of preferences is far more complicated.
For example:
–– gains are expressed as a multi-dimensional
sizes,
–– gains are expressed in qualitative characteristics,
–– the choice is made by an institution of
government, body organs or certain groups,
not by individuals.
In classical economy the term utility refers to
the preference for uncertainty. Generally, the utility can be defined as the ratio of the decision maker towards risk and uncertainty. (Horowitz, 1972)
The utility function describes an individual’s
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maximum amount of money that can be replaced
by a gambling situation with a certain probability. (Čupić et al, 2001)
Utility theory always emphasizes the role of
individuals in the construction of the utility function and the ranking of alternatives based on utility. This is important because different decision
makers, in the same decision-making situations,
may react differently. There are many reasons for
this, and some of them are:
–– subjective preference of some alternatives,
which depends exclusively on the beliefs,
habits and tastes of the individual,
–– different assessment of the probability of
occurrence of certain conditions,
–– different perceptions of certain gains
(the same amount of money can be very
significant for one decision maker, and the
average or even negligible for the other one).
Theoretical and practical aspects of utility theory are directed towards decision making which
implies the most desirable choice of action in specific conditions of risk. The most desirable choice
is the one that has the highest expected utility. To
find such action, it is necessary to conduct an analysis of decision problems according to the expected
utility. This analysis is based on the theory of axiomatization, developed by John von Neumann and
Oskar Morgenstern. (Neumann and Morgenstern,
1947) This approach to utility theory implies:
–– the existence of the utility function that
determines the range of outcomes and
–– establishing a sequence of actions (offering
outcomes with different probabilities)
by computation and application of their
usefulness.
Based on the above, the following definitions of
utility theory are completely logical and correct:
–– Utility theory allows giving priority
(preference or desirability) to certain
consequences, which is the basis of choice
and decision making. (Čupić, 1987)
–– Utility theory assumes that the possible
alternatives are determined, and that
it is necessary to chose one of them,
based on the individual measurement of
each. (Stojiljković, 1975)
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Utility theory is very popular and widely applied
in complex problems of making decisions. The
reasons for this are the following: (adapted from
Čupić et al, 2001)
–– Utility theory has a routine, simple and
reliable procedure which makes it easy to
apply.
–– Using the utility function, the process of
analysis is reduced and simplified.
–– Through the replacement of complex
situations with certain equivalents, the
necessary procedures of calculation become
simpler.
–– Utility theory is an important support for the
decision maker in structuring his choices,
in the precise observation of the probability
of the outcome, in the conception of
preferences as a non-linear view of risk and
quantity.
–– Utility theory gives excellent results in
encouraging decision-makers to find strategies that keep them safe in situations of risk.
Limitations of the theory of utility are derived
from the above mentioned situations when assigning preferences is far more complicated: the gains
are expressed as multi-dimensional sizes, the
gains are expressed in qualitative features, choice
is made by a certain group, not individuals.
2. Multi-attribute utility theory
Multicriteria decision making (MDM) refers
to the situations of making decisions when there
is a certain number of usually conflicting criteria. Multi-attributive utility theory is a very specific
part of multiple criteria decision making.. (Čupić
et al, 2001) By its characteristics this method may
be compared with the methods of multivariate statistical analysis. Different methods of multivariate
statistical analysis have shown significant success
in various fields of economics (Savić, 2009).
The term attribute stands for means of measurement (evaluation) of the level of achieving a
criteria, or goal. (Hwang and Yoon, 1981) Each
alternative (action) at issue of multi-attributive decision making should be characterized by multiple
attributes.
Volume 6 / Number 1 / 2011
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Problems of multi-attributive decision making
are present in many real situations, both in business and in life. In this business, for example,
those situations are the following: (Nikolić, 2009)
–– selection of managers (the possible attributes: experience, knowledge, education,
intelligence, organizational skills, work
with people ...),
–– selection of new products (a possible
attributes: the possession of machinery
and equipment, procurement of raw materials, trained personnel, the existence of
competition, the existence of demand ...),
–– the choice of suppliers of raw materials
(possible attributes: quality of raw materials,
delivery deadlines, cost of raw materials,
payment terms ...),
–– choice of machines or equipment (possible
attributes: quality of equipment, reliability
and service of the equipment, the potential
volume of production, the cost
n of equipment,
]
[
]
K i [conditions
A1 , A2 ,... Aof
=
K
a
=
Aj i ,
∑ wmany
n paymenti ...) and
j ⋅ K others.

[ ]

3.  Selection of raw material suppliers using
multi-attributive utility theory
It was necessary to make a choice of suppliers of raw materials for the next period of production in the company “Mlekoprodukt” a.d. Zrenjanin. There are six actions in the model (potential
suppliers of raw materials), and the choice is made
according to four attributes.
For the selection of suppliers of raw material, a method of multi-attributive usefulness with
additive form was used. This method is a form
multi-attributive utility that is commonly used for
solving practical problems. The coefficient Ki, is
defined as a measure of consistency of attributes,
often expressed as the weight (the importance) of
attribute Ai. Then the expression for a composite
(additive, aggregate) utility of the i-action is:
K i [A1 , A2 ,... An ] = K
i = 1, 2,... n.

[ai ] = ∑ w j ⋅ K [A j ]i
n

j =1

, , i = 1, 2,..

j =1

In the life of an individual, for example, those
situations are the following: (Nikolić, 2009)
–– The choice of occupation (possible
attributes: requirements for promotion,
salary rate, working conditions, distance
from home ...),
–– choice of car (possible attributes: price,
reliability, design, service, handling, safety,
speed, fuel consumption, accessories ...),
–– the choice of the apartment (possible
attributes: price, location, quality of
construction, year of construction, layout,
size, number of storeys, window orientation,
environment ...),
–– selection of summer homes (possible attributes: cost, attractiveness of location,
distance, quality of construction, size, environment, utility room ...) and many others.
The aforementioned examples show the "aliveness" and the possibility of wide application of
multi-attributive decision making, as well as its
complexity. Therefore, as a systemic approach
to the problem, multi-attributive utility theory is
increasingly being used to suppress some of the
other methods.
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where:
KK[ai] - composite (additive, aggregate) utility
of the action- i
wj – the weight (importance) of attribute -j,
K[Aj]i – individual utility of hte action i for
attribute j.
It must be assumed that attributes are mutually
independent for a given model, since only then the
assumption of additivity (or independence) of individual utility functions can be applied.
The process of determining a composite utility
and choice of the best action, based on the calculated values of composite utility, can be seen in the
following example. In doing so, an algorithm of
11 steps is used, and it is presented in references
(Oberstone, 1990).
Step 1. Defining the target of the problem
The aim is: Choose the best suppliers of raw
materials.
The decision maker (manager) has access to six
actions: a1 - Supplier of raw material 1, a2 - Supplier of raw materials 2, a3 - Supplier of raw materials
3, a4 - Supplier of raw materials 4, a5 - Supplier of
raw materials 5, a6 - supplier of raw materials 6.
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Step 2. Defining a set of attributes
Selection is based on four attributes:
A1 - The quality of raw materials (qualitative
assessment)
A2 - The deadlines of delivery[days], (the
minimum requirement)
A3 - The price of raw materials [nj / peace], (the
minimum requirement)
A4 - Terms of payment (qualitative assessment)
Table 1 gives quantitative and qualitative assessment of attributes defined for individual suppliers. The table is called a decision matrix or the
initial decision table.
Table 1. Decision matrix
Attributes Aj

Action
ai

A1

A2

A3

a1

Very high

2

190

a2

Very high

3

180

Very
unfavourable
Unfavourable

a3

High

5

170

Average

a4

High

6

160

Unfavourable

a5

Average

4

150

a6

Low

8

140

Favourable
Very
unfavourable

Step 4. Assignment of weight to the attributes
The relative importance of attributes is expresses over their weights. This procedure can be done
in several ways, and here, the ranks are taken as
the basis and they are assigned to attributes in step
3. The weights of attributes are given in Table 3.
Step 5. Normalization of weight of attributes
Normalization of weight is carried by the
n

weights being reduced to a case: ∑ w
j =1

A4

Qualitative evaluation must be quantified. Here
one can use a linear scale that has values from 0 to
10, where 1 - very low, 3 - low, 5 - average (mean),
7 – high and 9 - very high level. Decision matrix is
quantified as given in Table 2
Table 2. Quantified decision matrix
Attributes Aj

Actions
ai

A1

A2

A3 [102]

A4

a1

9

2

1,9

1

a2

9

3

1,8

3

a3

7

5

1,7

5

a4

7

6

1,6

3

a5

5

4

1,5

7

a6

3

8

1,4

9

Step 3. Ranking of attributes
The ranking of attributes is carried out in Table
3. The ranking was done by the attributes A1 and
A2 which have the first and second rank (equal
114

importance), and attributes of A3 and A4 have the
third and fourth rank (equal importance).

j

= 100

Sometimes the weights are assigned in step 4
so that normalization is not required. Such is the
case here, and in Table 3, because of the form,
there is a column with the normalized weights of
attributes.
Table 3. Table of ranks, weights and normalized
attribute weights
Attributes Attributes’ Attributes’
Aj
ranks
ranks

Noramalized
Attributes’
weights

A1

1, 2

30

30

A2

1, 2

30

30

A3

3, 4

20

20

A4

3, 4

20

20

S

-

100

100

Step 6. Defining marginal values (limits) for all
attributes
In this step, one defines the values of attributes
that are unacceptable for decision makers. For an
action to be eliminated, it is enough that only one
of attributes is outside of allowed limits, regardless
of the values of other attributes. In an analyzed example, limits have been defined in Table 4.
Table 4. Marginal values (limits) for all attributes
Attributes Aj

Limited values of  attributes

A1

£ low (3)

A2

³ 7 [days]

A3

³ 200 [nj / peace]

A4

= very unfavourable (1)
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technics technologies education management

Step 7. Defining the utility curves for each attribute
In this step, the utility function of decision
maker is formed, but for each attribute separately. The procedure is identical to one-attribute utility theory, only difference is that there was one
attribute (usually money) and a utility function of
the attribute, and now, there are as many utility
functions as there are attributes (one for each at-

tribute, a special utility function). In an analyzed
example, the utility functions are defined for each
attribute (Figure 1).
Step 8. Enumeration of attributes performance
for each action
In this step, first thing is to eliminate actions that
do not meet the constraints defined in step 6. In the

Figure 1. Utility functions for all attributes
Volume 6 / Number 1 / 2011
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analyzed example, actions a1 and a6 are eliminated,
which can be seen in Table 4.7. Then, a matrix of
performance attributes is formed, and it is similar to
the initial decision matrix, expect for the eliminated
actions that do not meet set constrains (if such an
action exists). Because of similarities in the given
example, this table is not displayed.

KK(a3)= 30×0,85 + 30×0,5 + 20×0,26 + 20×0,5=
= 55,7
KK(a4)= 30×0,85 + 30×0,25 + 20×0,4 + 0×0,11=
= 43,2
KK(a5) = 30×0,6 + 30×0,75 + 20×0,6 + 20×0,89=
= 70,3

Step 9. Determining the usefulness for the attributes of all actions
The values of performance attributes are transferred into utility through appropriate utility function defined in step 7. This is done for each action
individually, except for actions that are eliminated
in step 8. Benefits are obtained graphically or analytically, if the utility functions are described in a
mathematical function. Thus, the utility of action
obtained by individual attributes are presented in
tables (so-called matrix utility). In this case, benefits were obtained graphically and are enrolled in
the master utility (Table 5).

Step 11. Choice of action with a maximum
composite utility
In the given example, action a5 has the maximum utility of a composite, and the final decision
is as follows: The adoption of the action a5 - supplier of raw materials 5.
In this case, high prices of action a5 per attributes A3 were crucial - The price of raw materials
and A4 - Terms of payment, although the action
a5 had average grade for the attribute A1 - Raw
material quality. This is a consequence of poorer
financial situation of the company, at the given
moment. Otherwise, probably the greater weight
would be assigned to the attribute of the quality
of raw materials, and less weight to raw material
prices and payment terms. In this case, the sequence of actions could be different.

Step 10. Calculating the composite utility of
each action
Composite utility is given by the following formula:
KK

[a i ] = ∑ w j ⋅ K [A j ]i
n

4. Conclusion

, i = 1, 2,... n.

j=1

From the results obtained, the conclusion is
that utility theory can be successfully applied
in solving the problem of choice of suppliers of
raw materials. This is shown in the example that
is solved by multi-attributive usefulness method

In the analyzed example, the composite utility
of the remaining actions are as follows:
KK(a2) = 30 × 1 + 30×1 + 20×0,15 + 20×0,11=
= 65,2
Table 5. Matrix utility
Actions ai

Utilitx of action -i and attribute -j
A1

a1

A3

A4

Impared limitation per attribute A4

a2

1

1

0,15

0,11

a3

0,85

0,5

0,26

0,5

a4

0,85

0,25

0,4

0,11

a5

0,6

0,75

0,6

0,89

a6
116

A2

Impared limitation per attribute A1 i A2
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with additive form. In this way, a more objective
comprehension of the problem is achieved as well
as its efficient solving. It should be noted that it
is possible to change the criteria and their importance, depending on specific conditions. Also, it is
possible to apply different methods of multicriteria analysis in the problem of selecting the suppliers of raw materials.
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Abstract
Organizational transformation and changes,
which are its inevitable companion, yet has always given a great importance and attention. That
is why every business entity, which is oriented
towards the future, must incorporate change
management in its own very structure. Research
indicates the growing trend of change, by which
manufacturing companies in many industries, expand product offers with additional services, and
follows the path of business servicification or servitization. This means that companies do not improve their products and offers only by adding the
services, they are developing new offers, where is
no longer necessary that products have a central
place in the value of the bid. The trend of business
servitization actually represents a critical impact
on the managers cogitation, as well on their actions and managing business in the future. Authors
of this term argue that this facts will affect boundary that divides the manufacturing and service
companies, and it will be less and less clear in the
future, primarily due to the fact that customers are
affecting and leading this process.
Acceptance of strategic service management as
a company’s wider product servicing strategy, represents natural evolution from the marketing services for these products as post-sale offer. Strategic service management represents key difference
in the service management. Advanced companies
are no longer managing services as a kind of tactical cost center, they are managing it as a strategic
profit center.
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This paper presents results of research conducted with purpose to answer on following question:
Are the companies in Serbia strategically service-oriented?
The survey research was conducted among the
15 companies which are operating in Serbia in
various activities, such as the cosmetics industry,
electrical and mechanical engineering, automotive
industry, pharmaceutical industry, consulting, engineering and so on. The questionnaire consisted
of 19 questions, respondents are mainly general
managers, presidents of the boards of or members of top management. Respondents were able
to complete more responses if they felt necessary.
Respond to questionnaire is via e-mail or in direct contact with respondent. Based on the results
formed the conclusions of this paper.
Key words: Change, environment, globalization, organizational transformation, servitization,
competitive advantage, strategic service management, services as profit centers
Sažetak
Organizacionoj transformaciji i promenama,
koje su njen nezaobilazni pratilac, još je od
davnina poklanjana velika važnost i pažnja. Zbog
toga svaki poslovni subjekt, koji je orijentisan ka
budućnosti, mora da u samu svoju strukturu ugradi
upravljanje promenama. Istraživanja ukazuju na
rastući trend promena po kome proizvodne kompanije, u mnogim industrijama, proširuju ponude
svojih proizvoda dodatnim uslugama, ali i na to da
Volume 6 / Number 1 / 2011
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se kompanije u okviru proizvodne industrije kreću
putem „uslužnosti“ (servicification) ili „uslužnosti
poslovanja“ (servitization of business). To znači
da kompanije ne poboljšavaju svoje proizvode i
ponude samo dodavanjem usluga već razvojem
novih ponuda gde više nije neophodno da proizvodi zauzimaju centralno mesto u vrednosti ponude. Trend „uslužnosti poslovanja“ (servitization
of business) zapravo predstavlja kritični uticaj na
razmišljanje menadžera, kao i na njihovo delanje
i vođenje poslovanja u budućnosti, a autori ovog
termina tvrde da će ova realnost uticati na to da će
linija koja deli proizvodne i uslužne kompanije biti
sve manje i manje jasna, pre svega zbog činjenice
da su kupci oni koji utiču i vode ovaj proces.
Prihvatanje strategijskog uslužnog menadžmenta kao kompanijske šire strategije u servisiranju
proizvoda koje proizvođač prodaje predstavlja
prirodnu evoluciju od „marketing“ usluge za te
proizvode kao post-prodajne ponude. Strategijski
uslužni menadžment predstavlja ključnu razliku u
upravljanju uslužnim procesima. Napredne kompanije više ne upravljaju uslugama kao vrstom
taktičkog troškovnog centra, već kao strategijskim
profitnim centrom.
U ovom radu su prezentovani rezultati
istraživanja usmerenog na odgovor na pitanje:
Da li su kompanije u Srbiji strategijski uslužno
orijentisane?
Istraživanje je bazirano na anketnim upitnicima
i sprovedeno je u među 15 kompanija koje posluju
u Srbiji iz različitih delatnosti, kao što su industrija kozmetike, elektro i mašinska industrija, auto
industrija, farmaceutska industrija, konsalting,
inženjering itd. Upitnik se sastojao od 19 pitanja
sa ponuđenim odgovorima i na njega su odgovarali generalni menadžeri, predsednici upravnih
odbora ili članovi top-menadžmenta kompanije.
Ispitanici su imali mogućnost da zaokruže i više
odgovora ukoliko su smatrali da je potrebno. Na
anketne upitnike se odgovaralo putem e-maila ili
u direktnom kontaktu sa ispitanikom.
Na osnovu dobijenih rezultata formirani su
zaključci ovoga rada. Verovatnoća pojave greške
pri istraživanjima umanjena je postavkom ankete
na dva upitnika (prvi koji se odnosi na izbor domena atributa i drugi koji se odnosi na rang atributa).
Ključne reči: Promena, okruženje, globalizacija, organizaciona transformacija, servitizacija
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(Customers are Driving Servitization), konkurentska prednost (Servitization as a Competitive Tool),
strategijski uslužni menadžment, usluge kao profitni centri
Preface: Changes and only changes, even
for the worse.
Changes of developed have their pace and they
are no longer a simple continuation of past, they
represent the total discontinuity in relation to it.
P. Drucker
Numerous are due to rapid development of the
first two drivers of change - globalization and technology - which will inevitably grow, inclined to say:
“ Changes and only changes, even for the worse.”
Beside technology and globalization, other
drivers have impact of economic trends.
Deregulation is often found in different type of
economies. Protected enterprises and monopolists,
suddenly facing new competitors. In the United
States, long distance telephone companies such
as AT & T now have access to the local market,
and regional Bell telephone company has a similar right to enter that market. Even the electricity
producers can now sell and transport electricity to
other areas.
Privatization is another powerful driver with
which public companies are transforming in to
the private owned companies, hoping that they
will have better and more efficiently management
system. It happened whith British Airways and
British Telecom privatization. Today, many public goods and services are transferred to private
hands, including the construction and operation of
prisons, school systems and etc.
Therefore, the changes and their tempo, which
can not be affected at all, have become burden for
many people today, but nothing less burden is a
acceptance pace of these changes.
Other dilemma facing people nowadays, can
affect only:
1 comprehending and accepting the continuity
of change as an imperative of survival and
2 The rapid response of the business subject
to changes, makes that final output is
neutralizing the action infertility, and it
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makes probability of a successful step easier
for the future, in other words the creation of
development vision.
In conditions of permanent change dominant
position has Schumpeters innovator who produces ideas, and catalysing changes in a same time,
while technological innovation becomes a key
element of structural adjustment, technological
changes are taking place at a rate that has not yet
been recorded. In the future we can expect faster
transformation of technology, because its overall
growth is extremely fast, and ability to adapt on
changes will be even more influencing on the acceleration of economic development, and on its
slowing down [7].
1.  Two types of companies: those who
change and those who disappear
For improvement – change, for perfection very often.
W. Churchill
Organizational transformation and changes
which are its inevitable companion, yet has always been given a great importance and attention.
That is why every business entity, which is oriented towards the future, must incorporate changes
in his very own management structure, which means that following rules must be respected, which
primarily assert innovation, efficiency and effectiveness of the business entity:
1. To sell is a major problem. Lesser problem
is fast producing of high quality products
with the lower cost.
2. Winning competitions with innovations.
3. Regardless of the business results and
market share of the company, dominant way
of thinking must be a constant generating of
new programs.
4. Planning and controling of the execution
plans are measures of correct assessment
within the company.
5. The production is just one of the segments
that create value.
6. Continuously lowering costs as a need for
survival.
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7. Firing only those who where impossible to
motivate.
8. The quality of the company is possible to
increase with the better and more organized
work of top management.
9. The organization is satisfactory as much as
is efficient and effective.
10. The quality of organization depends on
the level of organization, efficiency and
effectiveness of applied technology and the
level of openness to new technologies.
11. The organization is constantly changing.
Due to the all above-mentioned changes businesses subjects in the present and future, will have
to take into account the following important elements [5]:
–– Technological changes are accelerating, and
the backbone of the change is period that
entails change of production technologies;
–– The production system is competitive as
much as it is flexible;
–– The production process from divided
through division of labor which was the
main guarantee of productivity growth,
turns more and more into unique integrated
–– The second part of the production process
is the integration of production and nonproduction function, while marketing and
constant innovation, research and development, design, subsystem of decision-making
and management, and coordination functions,
beside the quantitative growth in the company,
receive a quality-single meaning;
–– Material production is robotizing, automates
and dehomogenize;
–– The production system is increasingly
becoming a producer, interpretator and
transmitter of information, regardless of the
material production structure;
–– The process of managing the ongoing
operation and development of such a business
system necessarily requires more external
features, in other words communication and
integration with the environment;
–– Previously mentioned changes are characterized by systematic, sinergetic, innovation
and transformatibilnost as for the business
system and so for the whole society.
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–– On the basis of all above mentioned, companies are already divided into two types, those
that change and those that disappear [2].
2.  Changes from production to service
companies
Research indicates on the growing trend of
changes by which manufacturing companies
in many industries, expanding its product offer
with additional services [4, 9, 11]. Such a trend is,
among other issues, caused by major competitors
from countries with cheaper labor and lower overall costs, increased customer demands, globalization and the reduction of profit margins, which is
a direct result of these factors. According to the
Oliva and Kallenberg, a leading manufacturing
companies in the market have an excellent position for taking advantage of opportunities which
leads to increased service offers, based on its
strong position within the industry, where barriers
for the market penetration are high, as well as their
superior knowledge of the products [13].
Research suggests that the companies within
the manufacturing industry moving through servicification or business servitization, which means
that companies are not improving their products
and offers, only by adding services, they are developing new offers while it is not longer necessary that products are taking a central place in the
bid value. [12, 17].
The trend of business servitization actually represents a critical impact on the thinking of managers, as well as on their managing business in the
future. Vandermerwe and Labor, as the authors of
the term business servitization argue that this facts
will affect boundary that divides the manufacturing
and service companies, and it will be less and less
clear in the future, primarily due to the fact that customers are affecting and leading this process.
2.1.  Customers are driving servitization
Servitization is widely determined by customers
needs and wishes. In that way servitization does not
differ from other corporate strategies which arises
as response to market needs. In previous years, the
Volume 6 / Number 1 / 2011

mailn focus was on customer requirements and satisfying those needs through core business activities.
Nowadays major emphasis is on establishing and
maintaining relationships between the corporation
and its customers through a broader offer.
A good example of this claim is a Volvo, whose
main activity is production of cars. However, Volvo is now involved in a wide range of activities
related to the automotive transport industry, including finance, insurance, gas stations, roadside
assistance, etc..
Also, this claim can be supported with an example that gives Kowalkowski referring to manufacturers of trucks for which the primary activity ceases to be selling of vehicles, but turning to
various forms of contract of lease with the new
revenue realized for the further investing in the
services, maintenance and financing of business
and insurance [8].
Another very noticeable trend is through the development of services, where company moves down
through the distribution chain. Instead focusing on
distributors and other intermediaries, increased attention is paid to the end users. Manufacturers actively exploring opportunities, in aim to learn problems of end users and provide them services that
would increase demand for their products.
There is no doubt that customers nowadays demand more services, ie. complaisance. They do not
want less product, they want the services that will
help them make the right decisions, to purchase
the product when and where they want, to exploit
the maximum of its performance and to cope with
products defects. Customers are also more likely
to make critiques, hence they are harder to satisfy.
Customers want everything faster and more comfortable. All this issues are forcing companies to
develop servitization.
Conclusively is that customers have better bargaining power or position, primarily due to availability of information about the products on the
market. With the development of technologies services have also become more transparent. Nowadays it is very easy to come up with comparative
information about the offerings of various companies in terms of performance products and their
prices.
With increased amount of information, grows
customers desire for customization. With the help
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of modern technology, services that allow customization of products for the clients, nowadays become the standard.
2.2.  Servitization as a Competitive Tool
The academic literature has dealt with a discussion of the benefits which company generates
from the basis of the compilance business orientation and upgrading production offer with the different service packages.
First of all, according to Hull and Cox-in services can generate significant revenues and profits, which are hidden in the upgrade of the product price (including services) as well as sales of
services themselves, without the product [6]. Further, service can provide stable cash flows, which
makes the company resistant to economic cycles
which affects the investment in the equipment
purchase [16].
Vandermerwe and Labor have defined several
key benefits which can assist companies in achieving competitive advantage [17]:
–– setting up barriers to competition - services
significantly contribute to risk reduction of
taking customers from competitors. Building
relationships with customers through services
allowing to influence on the decisions of
consumers and maintain their loyalty.
–– setting up barriers, to the third parties services provides avoidance of increased
power of third parties which can affect
customers decision with their consulting
services and specialized knowledge on wide
range of suppliers.
–– setting up barriers to customers - with
service, protection of customer from the
competition becomes significantly easier.
Services allow the formulation of special
package of services that distinguish the
company from competitors or allows the
company to provide specific benefits to the
customer due to economie of scale.
–– creating dependency - as in the previous
example, just by forming the package of
services, it is possible to create a customer
dependence which is not easy to retain only
by offering products.
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–– differentiation of the market offers - a
increased number of companies are distancing through the services from their core
activities in way that not only increases their
customer base but also affects increase of
loyalty within existing customers.
–– the launch of innovation - many companies
due to their services are in position to
provide successfull launch of new products
due to relationships that they are established
with their clients.
These trends in recent years have led to the
emergence of term “Strategic Service Management” which represents a new way of thinking
and a fundamental shift in business and managing
companies.
According to the Institute of Servigistics, which
deals with the implementation of strategic service
management in different industries, strategic service management is a business philosophy that has
emerged as a strategic imperative for all companies
that wish to be a leader and to achieve leadership
position through maximum customer loyalty, growing revenue and high profitability.This business
philosophy implies that the company adopt a completely new activity based on the basic services and
directing their strategic operations to them.
Significant discussion about the strategic service management was growing among scholars
as Roscitt and Flooring, claiming that acceptance
of strategic service management, as a company’s
broader strategy in servicing the products which
the manufacturer sells, represents a natural evolution from the service marketing for these products
to post-sales offers [14].
Arguing about creating a culture of serving
customers, which penetrates through the corporation, where the services and marketing represents
parameters which are more penetrative than the
combination of active sales service contract and
development of proactive service policy
Providing service to customer brings a variety
of functional variants, transcending the traditional
maintenance and installation of equipment. Therefore, the use of the word servicing is more acceptable and more comprehensive than just service.
In present conditions, highlighting the service
providing to the customer is of crucial importance
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in many industries, while service requirements are
becoming a major factor in the development of
manufacturing strategy [10].
Focusing on the service is necessary for reducing the profit which is realized on the equipment and
products, which is caused by the growing domestic
and international competition. While most manufacturers do not see services as a “cure”, ie. opportunities, managers with the vision realize it as a vital
marketing tool for achieving customer loyalty and
their satisfaction. Hence, many clients (customers),
already have realize that the hardware represents
commodity, and the differences are showed through
service, ie. serving as something which will differentiate one manufacturer from another, and which
will provide additional value for the hardware products. This differentiation, ie. differentiation
value, resulting in higher profit margins in service
activities, compared with sales of products. Thus,
companies with this approach managing and marketeering their service abilities with equal fervour
which was once reserved only for the equipment
being sold. Due to the high degree of orientation towards services, it is essential for the manufacturing
company to set properly goals which are related
with serving and adopt them for each market segment. Also, it is necessary to develop the ability to
actively monitor the status of customer calls which
are related to the quality of service and serving as a
proactive way of identify those whose level are not
satisfactory. Production companies must also establish a methodology for finding the causes that lead
to a situation of unsatisfactory servicing, as well as
opportunities to reallocate resources in order to improve the quality of service and serving.
Leading companies increasingly recognize that
maximizing profitability of services and customer
loyalty can be achieved only through re-testing,
optimization, integration, and efficient management of service processes that are also supported
by appropriate technology for strategic management services.
According to Servigistics institute, companies
that have adopt strategic service management are
reporting following results of operations in a very
short time:
–– Gross profit increased from 5 to 15%
–– increased revenue from services from 5 to
15%
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–– greater availability of spare parts from 10 to
20%
–– reduction of supplies from 20 to 60%
–– increase of productivity from 50 to 100%
–– increased customer loyalty.
Strategic service management is not a simple
process which can be applied in a same way in
each company, hence it represents the direction of
development. For this reasons, even market leaders must continually seek ways to improve their
ability to find market opportunities and capture
new competitive advantages. Therefore, the most
important thing is that companies create and implement strategic service management processes
that meet their needs precisely. Therefore, the
focus of the strategic service management implementation in manufacturing companies is to satisfy customer needs by providing comprehensive
customized services and solutions. It is necessary
to look back on the benefits that customers can
experience through this process. Rapaccini and
Visintin are classifying benefits into two categories: financial and relational [18].
Financial benefits are those that can be easily
expressed in money and which are directly related
to the reduction of costs that the buyer can feel. A
good example is a maintenance service that allows
the buyer protection against three types of replacement cost in case of defective products [15]. Replacement costs are defined as:
–– cost of purchase, which includes the
identification of suppliers and purchase of
the product,
–– cost recovery, which includes the return of
the lost functionality of the product and reestablishing a process whose product was a
participant;
–– costs of unavailability directly resulting
from cost opportunities (lost revenue at the
time of product defect), direct costs (if there
was damage caused by defective consumer
products) and waste costs (costs for waiting,
that i.e. other which are directly related
whith the product faulty. Therefore, as these
costs getting higher, customers are consider
this product as critical. In such situations,
customers have a clear perception of the
financial benefits which are resulting from
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this approach and increase their willingness
to pay for them, directly or indirectly [3, 13,
11].
In addition to financial benefits, there are also
relational benefits, as a consequence of a direct
link between products and services
Relational benefits resulting as a connection
that users can achieve whith service provider and
its competitors. These benefits can not be easily
expressed through money and can be divided into:
–– Social benefits - arise as a result of social
exchange between users and providers and
users to each other;
–– psychological benefits - arise from a sense
of trust and risk reduction that people feel
in everyday products use, and it is a direct
consequence of connection with service
providers
–– the benefits of learning - occur when
customers, while they are related to service
providers on the one hand, applying the
know-how on the product or process and, on
the other hand, receive customizated service
and offer and preferential treatment.
Strategic service management represents key
difference in the managing of service processes.
Advanced companies are no longer managing
services as a kind of tactical cost center, but as
a strategic profit center. The companies have rejected the traditional approach in favor of holistic
and integrated approach that includes managing of
resources (people, parts, vehicles), partners (internal and external), contracts and clients who have
refined the focus on corporate goals. Companies
that are on successful way to implemented a strategic service management has given an excellent
results on all four levels of strategic business units
- value for the customer, competitive advantage
and differentiation, financial results and product
quality. On the other hand, organizations that continues to neglect the basic principles of strategic
service management will certainly within the next
5 to 7 years, not only miss valuable opportunities
for growth, but rapidly become irrelevant in the
market in which they operate.
Research of Aberdeen Group represent fact that
if the company operates whith services as a profit
124

center it is a good indicator that strategic service
management policies are implemented. It is interesting that 89% of top companies currently manage their processes as a profit center, compared
with 47% of all other companies. These companies
have changed their business processes in aim to adequately meet the customers needs and they have
adopted an integrated technological solutions developed specifically for services which should rise
their service processes at the strategic level [1].
Based on the analysis of academic and practical experience of strategic service management,
and trends worldwide, which clearly indicates the
major importance of service business principles,
primarily in manufacturing companies, the challenge is to determine the situation in Serbia and
whithin the commercial entities which operates in
Serbia. The next chapter discusses the situation of
knowledge and implementation of strategic management in Serbian companies with a focus on the
principles of strategic service management.
3. Are companies in Serbia-oriented
strategic helpful
In order to answer this question were carried
out research with aim to determine the level of
knowledge, understanding and implementation of
strategic service management among companies
in the Republic of Serbia. The survey research was
conducted in four phases:
1) Design and testing of survey questionnaires,
2) selection of the sample,
3) to send and collect surveys and
4) entry and data processing.
The survey was conducted among 15 companies that operate in Serbia for various activities,
such as the cosmetics industry, electrical and mechanical engineering, automotive industry, pharmaceutical industry, consulting, engineering and
etc. The questionnaire consists of 19 questions and
respondents were general managers, presidents or
board members of top management. Respondents
were able to complete more responses if they felt
necessary. On the survey questionnaire responded
by e-mail or in direct contact with respondents.
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4.  Findings
Analysis of the surveys indicate the following:
According to question No. 1 all participants
and representatives of their companies claim that
their products and / or services are customized,
which indicates importance given to customization in Serbian companies.
According to question No. 2 as in the previous
question, all respondents answered “Yes”, which
indicating a high focus on product quality and / or
services and meet market standards.
According to question No. 3 all respondents
answered “Yes”, claiming that their customers
take part in the production and delivery of products or services. As in the previous two questions,
it is clear how much importance holds customization and participation of customers in the production and delivery of products and / or services.
According to question No. 4 in most of the
surveyed companies (93%) represented access to
additional customer service, while in 7% it is not
a case, suggesting on awareness that rules among
top-managers of additional customer service necessity, in aim of survival and further company
growth.
According to question No. 5 additional services before and after the sale are treated as a component of the product in 87% of the company, while
in 13% it is not a case. These responses suggest
that there is a high level of understanding of courtesy and service as components of products which
can represent highly profitable activities.
According to question No. 6, 14 companies
or 93% treats additional services before and after
the sale as an element of manufacturing strategy,
while one company has no such access. As in the
previous question, these responses suggest that
there is a high level of understanding of courtesy
and service as components of products which can
be highly profitable activities.
According to question No. 7 only one company
doesn’t have implemented its service targets in the
strategy, while 93% claimed that they have it. It
is clear that companies operating in Serbia understood importance of objectives implementation related to serving additional customers, ie. forecasting and meeting their needs, which seems quite
encouraging.
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According to question No. 8, at 80% of the
company organizational structure was adjusted to
service goals, whereas 20% didn’t. According to
these results, the respondents understand the connection between organizational structure and service objectives which enables them to gain competitive advantage in the market
According to question No. 9, most of the 13 surveyed companies, or 87% of treated products as a
component of the service package, while the two
companies, or 13% doesn’t apply such an approach.
According to question No. 10, one respondent
answered with “ sometimes “ while 13 or 86%
responded answered with “Yes.” One respondent
answered with “ I don’t know.” The large majority of 86% of the respondents clearly shows how
the importance of the quality of their products or
services with the customer’s demands.
According to question No. 11 which is designed to offer more answers, multiple-choice
questions are offered to respondents. Most responses received CRM (12 or 46%) while the survey is just behind with 11 responses (42%). Customer books and food samples were selected by
one, and the answer is “I do not know.
According to question No. 4, 12 respondents or
87% believe that serving represents the added value for the products which they are selling, while
two respondents or 13% do not have such an attitude. The conclusion is that most top managers
in servicing see added value to its core products,
which allows setting higher profit margins
According to the question No. 13 only one respondent didn’t had a positive or a negative answer to this question, while all others (those 14)
answered “yes”, ie. considered that the differentiation among companies that is the result of serving
(forecasting and fulfillment of customer needs) to
enable higher profit margins compared to selling
the product themselves.
According to question No. 14. all respondents
had the same point of view that manufacturing
companies need to intensively analyze their marketeering service sector.
According to question No. 15 majority of respondents (93%) believe that manufacturing companies need to focus their missions on service and
maintenance, while one respondent did not have a
clear position.
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According to question number 16, 93% of respondents answered “Yes”, while one didn’t had a
clear position. According to the majority of 93%
of the respondents, companies need to create their
own service image that will reflect to current and
future customers, as well on their employees.
According to the question No. 17, 73% of companies believe that their employees are trained and
rewarded for providing excellent service, while
20% believe that they are not. 7% did not know
the answer to this question. Based on these responses it can be noticed that we should devote
a little more attention to educating and rewarding
employees in order to provide top quality service.
According to the question No. 18 only one
company, or 7% believe that surpass customer expectations through serving, while everyone else is
trying to go beyond the expectation of its customers. No one is completed answer “No” or “I do not
know.” Responses indicate that 93% of companies
is not entirely certain that surpass the expectations
of its customers, but there are constant efforts to
reach such a level.
According to the question No. 19, 67% of respondents answered with “Yes”, 7% with “No”
while 26% partially planning activities aimed at
the prediction and selection of service resources. The conclusion is that though most companies
(67%) operates whith policy of planning activities
aimed at the prediction and selection of service
resources, which certainly represents a positive
trend among companies which are operating in
Serbia.
When we look at the overall analysis of the
study, we can notice that the situation among companies operating in Serbia is satisfactory, and that
top managers show a high awareness about the importance of strategic management and the changes
that brings its implementation. It can be concluded
that managers understand the strategic importance
and the essence of strategic service management,
as a basis for further development of their companies. Therefore, analysis of responses indicates
that there is certainly room for further improvement of the business in terms of strategic service
management, although it cannot be claimed that
managers have an adequate model and “tools” that
would allow them a structural approach for implementation of strategic service management. This
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fact may serve as a basis for further research in
the field of strategic service management and its
application in practice.
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15

100%

No

0

0%

I don’t know

0

0%

Total

15

100.00%

Percent

Yes

15

100%

No

0

0%

I don’t know

0

0%

Total

15

100.00%

Question No. 3 Are
customers involved in the
Frequency Percent
production and delivery of
your product or service?
Response

Yes

15

100%

No

0

0%

I don’t know

0

0%

Total

15

100.00%

Question  No. 4  Is the
access to additional
customer service  
Frequency Percent
represented in your
company (forecasting and
meeting customer needs)?
Response
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Yes

Question No. 2 Are
your products and / or
Frequency
services are standardized
according to the market?
Response

Percent

Yes

14

93%

No

1

7%

I don’t know

0

0%

Total

15

100.00%
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Yes

13

87%

No

2

13%

Question No. 9 Are
the products in your
company treated as a
component of a service Frequency
package (complete
forecasting and meeting
customer needs)?
Response
Yes
13

I don’t know

0

0%

No

2

13%

Total

15

100.00%

I don’t know

0

0%

Total

15

100.00%

Question No. 5 Are the
additional services in
your company, before and Frequency Percent
after the sale, treated as a
component of the product?
Response

Question No. 6 Is
your company treats
additional services
Frequency Percent
before and after the
sale as an element of
manufacturing strategy?
Response

Yes

14

93%

No

1

7%

I don’t know

0

0%

Total

15

100.00%

Question No. 7  Are
the service goals (goals
of serving additional
customers, ie. predictions Frequency
and satisfying their needs)
strategy implemented in
your company?
Response

Percent

Yes

14

93%

No

1

7%

I don’t know

0

0%

Total

15

100.00%

Question No. 8 Is the
organizational structure
adopted to the custom Frequency Percent
service goals of the
company?
Response

128

Yes

12

80%

No

3

20%

I don’t know

0

0%

Total

15

100.00%

Question No. 10 Do you
evaluate the quality of
their products or services
from the point of view of Frequency
the customer’s demands
and their perception of
quality?
Response
Yes
13

87%

Percent

86%

No

0

0%

Sometimes

1

7%

I don’t know

1

7%

Total

15

100.00%

Question No. 11 If  the
answer is yes, on which Frequency
way you are doing?
Response
Survey
11

Percent
42%

Book samples

1

4%

CRM

12

46%

Samples
Nothing above
mentioned
I don’t know

1

4%

0

0%

1

4%

Total

26

100.00%

Question No. 12 Do you
think that servicing
(forecasting and meeting
Frequency
customer needs)
represents added value to
the products you sell?
Response

Percent

Percent

Yes

13

87%

No

2

13%

I don’t know

0

0%

Total

15

100.00%
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Question No. 13 Would
the differentiation between
companies, which is
the result of serving
(forecasting and fulfillment Frequency
of customer needs), enable
higher profit margins
compared to selling of
products?
Response

Response

Yes

14

93%

No

0

0%

I don’t know

1

7%

Total

15

100.00%

Question No. 14  Do you
think that manufacturing
companies, due to
increased competition,
Frequency
need to analyze intensively
marketeering their service
and service activities?
Response

Percent

Percent

15

100%

No

0

0%

I don’t know

0

0%

Total

15

100.00%

Percent

93%

No

0

0%

I don’t know

1

7%

Total

15

100.00%

Question No. 16 Do you
think the company should
create image of their services,
Frequency Percent
which will be projected to the
current and future clients as
well on their employees?
Response

Yes

14

93%

No

0

0%

I don’t know

1

7%

Total

15

100.00%
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Yes

11

73%

No

3

20%

I don’t know

1

7%

Total

15

100.00%

Question No. 18  Does
your company surpass
customer expectations
Frequency Percent
through serving
(prediction and meet the
needs of customers)?
Response

Yes

Question No. 15  Do you
think that manufacturing
companies need to focus in
their missions on serving Frequency
(prediction and meet the
needs of customers) and
service?
Response
Yes
14

Question No. 17 Are your
employees trained and
rewarded for providing
excellent service (serving, Frequency Percent
that is. Predicting and
satisfying customer needs
without errors)?

Yes

1

7%

We strive to
exceed customer
expectations

14

93%

No

0

0%

I don’t know

0

0%

Total

15

100.00%

Question No. 19 Are you
planning activities in your
company for prediction and
selection of service resources Frequency Percent
(all resources that will lead to
maximum of forecasting and
meeting customer needs)?
Response

Yes

10

67%

No

1

7%

Sometimes

4

26%

I don’t know

0

0%

Total

15

100.00%
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Ict and the new generations
of professionals:
Are we on the threshold of a
change?
Ana Peric

Faculty of Architecture, University of Belgrade, Serbia
Abstract
The paper presents the ways of information and
communication technologies (ICT) use in teaching and research purposes at the Faculty of Architecture, University of Belgrade. The main aim
is to consider opportunities and representation of
ICT use for the promotion of architectural education, and ways to overcome current barriers when
using ICT as well. First of all, it is given a short
historic review of information and communication
technologies, from their creation until the use of
ICT in modern education. The current status and
the level of ICT implementation at the Faculty of
Architecture is also briefly shown. Secondly, after
the description of the research process, the paper
presents the results of research. The research aim
was to determine the students’ use of ICT in the
learning process, their primary requirements and
the level of satisfaction with the existing faculty
website. The final part gives an insight into the
guidelines for the learning process improvement.
This indicates the recognition of the university as
a key element in the modernization of the entire
nation.
Key-words: ICT, professional architectural
education, e-services, Faculty of Architecture University of Belgrade
Rezime
Predmet rada je istraživanje načina upotrebe IKT
u nastavne i istraživačke svrhe na Arhitektonskom
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fakultetu Univerziteta u Beogradu. Osnovni cilj rada
je da ustanovi mogućnosti i zastupljenost upotrebe
IKT za afirmaciju arhitektonske edukacije, kao i
načine za prevazilaženje trenutnih prepreka prilikom
korišćenja IKT. U prvom delu rada je dat kratak
prikaz istorijata informaciono-komunikacionih
tehnologija, od njihovog nastanka pa sve do upotrebe
IKT u savremenom obrazovanju. Trenutno stanje i
nivo primene IKT na AFUB je takođe sažeto prikazan. U drugom delu rada, nakon opisa istraživačkog
postupka, izloženi su rezultati istraživanja čiji je cilj
bio da utvrdi način upotrebe IKT u procesu savladavanja nastavnog gradiva od strane studenata, njihove
primarne zahteve i stepen zadovoljstva postojećim
sajtom fakulteta. Poslednji deo rada pruža uvid
u smernice za unapređenje nastavnog sistema na
fakultetu. Ovim se ukazuje na afirmaciju univerziteta
kao ključnog elementa u modernizaciji čitave nacije.
Ključne reči: IKT, profesionalna arhitektonska edukacija, e-servisi, Arhitektonski fakultet
Univerziteta u Beogradu.
1. Introduction
1.1. ICT - the generator of the information
society
The current approach to the city development
can be described by several phenomena. Their
common characteristic is reflected not only in the
production of new space, i.e. new functions and
new image of the city, but also in the creating of
new economic force that runs the city. First, the
Volume 6 / Number 1 / 2011
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decline of the urbanization in the city centre is
an expression of the demands for the successful
economic development of the society. According
to Peter Hall, building brand new facilities is economical in sparsely populated terrain, so that we
can talk not only about the decline of the urbanization in the city centre, but the urban sprawl in general, due to the spread of suburbs that contain all
the necessary urban functions [1]. Second, in the
words of Manuel Castells, the transformation of
the cities into faceless phenomenon occurs owing
to the development of global economy and new
information and communication technologies [2].
During the last decade of the last century, actually in 1994 and 1995, a number of European
countries developed plans and policies for the
electronic communication improvement within
their societies. This was the beginning of the creation of so-called information society1 with its
main development objectives specified in a document called the Lisbon strategy2. Economic paradigm of our society is knowledge-based economy,
with its main determinants: knowledge, change
and globalisation. Knowledge-based economy
produces a need for changes that are manifested
in the emerging of innovation. Among the most
important generators of innovation in the information society, ICT takes the significant place. This
is directly in regard to the availability and accessibility of ICT to the citizens, organizations and
throughout society. Education and training are priorities for the information society development, or
as Carol Hughes points out: “Life today in higher
education is lived in competitive space” [3].
1.2. Relevance and importance of ICT for
professional work
At the outset it is necessary to define the ICT.
The ICT “means any product that is used for storing, searching, manipulating, transmitting, sending
and receiving information in electronic or digital
form, such as for example telephone, fax, computer
or digital television, and network and facilities used
for their connection”[4]. In this paper, computer,
telecommunications, Internet, World Wide Web
and electronic information resources and e-services
present ICT as a widespread set of technology tools.
Volume 6 / Number 1 / 2011

Electronic education (e-education) takes on
great importance worldwide. This can be seen
in the fact that many universities have their own
virtual studio applications. According to Milica
Bajic Brkovic, this form of teaching has many advantages - a university education is accessible to
those who study and work at the same time, the
dynamics of schooling is adjusted to the user’s
time, teachers can be recruited from all around the
world, and so on. By e-education the other forms
of education such as the concept of lifelong learning become possible. Many library resources are
available to people around the world, which creates the opportunity for continuous education and
its development [5].
When it comes to the ICT application in Serbia,
we can conclude there is a lag to the implementation
of new technologies in the development process. As
Milica Bajic Brkovic points out: “The dynamics of
progress that took place at one time promised acceleration of the process and announced the possibility
of an early entry into the information society. Initial
momentum and enthusiasm, however, soon became
slower what makes us increasingly lag behind the
European countries and regions [5].
The document titled Strategy for an Information Society in Serbia said that: “The education system must be adapted to provide effective
education at all levels by promoting the creative
thinking and the introduction of lifelong learning.
As the widespread use of ICT has become crucial
in many professions, knowledge of how to effectively use ICT should be an integral part of educational programs “[6]. The key areas of work allocated to the previous are:
- Adapting curriculum and teaching process
to the needs of the information society this means adhering of the higher education
transformation in accordance with the
Bologna declaration as well the introduction
of modern teaching facilities, in particular
ICT related issues, new teaching methods,
better assessment methods and mechanisms
for control the quality of teaching;
- Training of teaching personnel for modern
forms of teaching - this form of training
should be carried out continuously by the
specially developed programs and standards
of quality;
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- Strengthening the capacity for modern
education and scientific research - within
this area the focus is on providing broadband
academic network.
However, despite all the development tendencies of ICT, as define in the above-mentioned strategy, Serbia is faced with the lack of adequate professional staff. This appears owing to the educational structure which do not apply the principles
of e-education model. According to Milica Bajic
Brkovic: ‘Investing in the generations to come’
is a trend in many countries, but not in ours. We
almost do not even know there is institution of additional education or training and updating knowledge with work, so-called lifelong learning”[5].
Therefore, the research which improves this area
is necessary if we want to modernize not only the
educational system, but the state as a whole.
1.3. The situation in Serbia - an example of
the Faculty of Architecture, University of
Belgrade
When it comes to the Faculty of Architecture
University of Belgrade, the modern tendencies
in the curriculum have been implemented thanks
to the Bologna process3. This was a challenge for
both teachers and students - for teachers in terms
of the opportunities for improvement in the way
of teaching, while students got the opportunity to
creatively explore the specific domains rather than
to reproduce the learned material. Such an overall
teaching context was a great opportunity to introduce the new ways of teaching. This implies more
intensive application of modern information and
communication technologies, activation of existing computer resources of the Faculty of Architecture, and the promotion of innovation in the
exchange, generation and storage of knowledge.
The efficient form of the student activities
monitoring through the combined teaching model,
which consists of the lectures held in the traditional manner and the activities in a virtual educational environment, was applied to the elective
courses of undergraduate studies4. Those are held
on the basis of lessons learned from the previously
explained compulsory subject and it is its super132

structure. The emphasis of this subject group is
forming electoral knowledge and mastering the
techniques of ICT, as well as the creation of an
academic student network through the active use
of the faculty website.
The virtual learning environment involves the
simple orientation and effective support to the exchange of knowledge and consists of several elements. According to Mirjana Devetaković Radojevic, a support system for the exchange of knowledge includes the following elements: web page
of a particular subject, the front page of the virtual
environment, a discussion forum and a collection
of the student works. Web page of a particular
subject presents the relationship between the institutional website and a virtual environment that is
formed for a particular subject. The front page of
virtual environment can be reached by activating
a link from the website of the subject for which
virtual environment is formed. This approach can
be approved with user’s identification. Discussion
forum is the focus of knowledge exchange and
consists of the topic title, tasks, examples, student
contributions, and comments. Collections of the
student works are structured collections where the
work of each student can be monitored, or where
all the contributions with which a student participated in the entire course appear [7].
If we compare the previously described virtual learning environment with other subjects at
the Faculty of Architecture, it is concluded that
the first two elements, the web page of the subject
and the front page of the virtual environment, have
been already applied. The aim of this is to determine whether there is a possibility to improve the
mentioned type of educational model and to use it
for most other subjects in terms of adequate student proficiency for professional practice.
1.4. Subject and objective, research
questions and initial hypotheses of research
The author explores the ways of using ICT in
teaching and research purposes at the Faculty of
Architecture, University of Belgrade. In a narrow
sense, the work is concerned with the determining
the degree of student satisfaction with e-services
and information resources, their capability for
Volume 6 / Number 1 / 2011
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ICT, and the perception of the role and importance
of ICT usage for professional work.
The specific goal of this work is to determine
the possibility and frequency of ICT usage for the
promotion of architectural education, and ways to
overcome the current barriers when using ICT. The
primary goal is to determine the degree of student
preparedness for professional work in practice.
The study is expected to answer the following research questions:
–– Does the current faculty website provide
the students with the necessary information
while mastering the curriculum?
–– To what extent are the students interested in
introducing the new e-services and sources
of information via the faculty website?
–– What are the students’ suggestions for the
improvement of ICT in terms of schooling
effectiveness?
–– What is the potential benefit from the ICT
usage for the students of the Faculty of
Architecture?
–– What are the barriers to full development of
ICT-based learning environment in higher
education institutions?
–– To what extent does the curriculum prepare
students to work in practice?
–– What are the specific problems regarding
to the ICT implementation during the
transformation of architectural education in
Serbia as a country that seeks EU integration?
To answer these questions, it is necessary to
show the overview of existing ICT which have an
impact on students while mastering the curriculum. The method for determining the current level
of ICT usage by students is questionnaire, which
results in providing insight into the evaluation of
the student needs for e-materials and services that
are offered at the faculty website, highlighting
the dominant forms of available information usage, and suggestion the ways to improve existing
and develop the new forms of ICT support in the
teaching process.
The basic hypothesis is that the quality of education at the Faculty of Architecture can be promoted through the use of ICT training. Research
contribution gives insight into the level of students’ preparedness for future practical work.
Volume 6 / Number 1 / 2011

2.  Research overview
The introductory chapter gives the general review in the field of the ICT development and its
application in the architectural education, with the
concise overview of the current situation at the
Faculty of Architecture, University of Belgrade.
As there are no studies that deal with the given
topic at the mentioned faculty, the aim of this
study is to discover whether there is potential for
further affirmation of the ICT usage for teaching
purposes. The research should result in creating
the complete picture of the ICT use at the faculty.
2.1. Research procedure
The study consists of three stages:
–– A survey on the students’ use of ICT, as
well as their need for the new sources of
information;
–– A statistical and semiotic analysis (content
analysis) of survey questions and responses;
–– The possible implementation of faculty
suggestions obtained from the survey
concerning existing situation, and planning
for future development.
The article reports mostly on the first two stages.
The research sample of this study was composed of 30 students from the third year of undergraduate studies at the Faculty of Architecture,
University of Belgrade. The students were selected randomly, but the analytical unit of 30 students
is considered valid for the purposes of statistical
analysis, because a small percentage leads to the
generalisation of research findings.
The empirical data for the study were collected
and processed by the questionnaire as a relevant
method. Since the research aims to discover new
proposals, which do not arise only from the author’s attitude, the survey method was selected as
the most adequate one.
An appropriate instrument for the collecting
data was a questionnaire consisting of 26 questions divided into two parts. The first part relates
to the degree of ICT use in the learning and research purposes by students. The second part of
the questionnaire is dedicated to identifying stu133
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dent’s needs for information, their level of satisfaction with existing e-resources and information
services, suggestions regarding involving the new
services as well as recommendations for their improvement in the future. The content and types
of questions varied from factual (numerical),
closed, and open-ended. The content analysis of
used words, phrases, concepts, and proposals for
improvement within the open-ended questions is
also used as a method of collecting data.
2.2.  Overview and findings about the first
part of the questionnaire
The first part of the questionnaire relates to the
collecting data about the profile of students and
their usual method of ICT use in the process of
mastering the curriculum. All survey participants
own and are able to use a computer with Internet
access at their homes.
As Fig. 1 shows, 60 per cent of the students
spend more than 30 hours per week using computers, excluding the computer usage as Internet access. Twenty per cent of students stated they use
computer between 21 and 30 hours a week, which
is identical with the percentage of students who use
computer from 10 to 20 hours per week. There was
no percentage of students who use computers less
than 10 hours per week. When it comes to the Internet usage by students, results are as follows: 20
per cent of respondents spend less than 10 hours
using the Internet, a half of the respondents use the
Internet for more than 20 hours per week. Only 2
per cent of students spend between 21 and 30 hours
on the Internet, while 24 per cent of the respondents spend more than 30 hours per week using
the Internet. The answers from the first part of the

questionnaire show a great interest among students
for using ICT in the learning process. The survey
results indicate that students spend more time using the computer as the indispensable tool for all
academic activities, comparing to the Internet. It is
interesting to note that if the use of computers as
a basic means for work increases, so far the time
spent on the Internet is up to 2.5 times less. On the
contrary, if students spend more time using Internet
as the main ICT tool, the time used for work on the
computer is only a half of that. From this we can
conclude that the use of the Internet is an important
preparatory activity for the efficient acquisition of
teaching materials on the computer.

Fig. 1. Comparison of weekly computer and Internet usage by students
Analysis of these data leads to the conclusion
that students are aware of the benefits of ICT compared to the traditional teaching methods. Therefore, students are working hard to master the tools
of ICT, although the process of learning to use new
technologies is not considered simple at all, which
indicates the low percentage of students who find
the ICT tools as readily manageable.
Table 1 shows which activities are considered
the most popular when it comes to using the basic
ICT tools - the computers and the Internet. First of
all, these are the preparatory activities for teaching

Table 1. Purposes of students’ use of ICTs
Questionnaire item

Number of students

Percentage

Preparation of study materials and class exercises

21

70

Exchange of study materials, electronic tests and class assignments

17

56

Communication and collaboration with other students

19

63

Locating, collecting and analysing data

23

76

Preparation of papers and research proposals

10

33

Use of the web-publications

14

46
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and learning in the form of: locating, collecting
and analysing data, (76%), followed by preparation of study materials and class exercises (70%),
followed by communication and collaboration
with other students (63%), exchange of the study
materials, electronic tests and class assignments
(56%), the use of the web-publications (46%) and,
finally, preparation of papers and research proposals (33%), which indicates that traditional methods of learning are still used during the creative
process of designing and intellectual process of
writing a research proposal.
Speaking about the reasons for the using the
special forms of ICT when accessing the Internet,
the results are as follows (Table 2): ICT are used
by students mainly to enhance communication
with others (83%), then to take advantage of electronic delivery of information (80%), followed
by saving time and increasing productivity (76%)
and finding of undiscovered information (53%).
Activities such as easily monitoring the current
research trends (20%), and determining confindence in reviewing literature (16%) were not so
popular, which could be interpreted as insufficient
educational maturity of students for such forms of

learning, which is expected of students during the
higher levels of studies. In this context the popularity of certain ICT formats can be interpreted.
The most popular forms of ICT tools used by
students in the learning process (Table 3) are: electronic journals, books and other sources of text
formats (90%), as welll as websites with the same
percentage of use. The second highest rate helds
the course website (76%), while the third one is
electronic mail and document exchange (70%),
which is above digital video and audio recordings
(63%). In the process of mastering the curriculum
students use graphics and digital images (60%),
followed by an online library (30%) and interactive multimedia software (17%). Table 3 indicates
that only online library and interactive multimedia
software is used up to three times less than other
forms of ICT tools. This is the result of the fact
that the two above mentioned ICT tools are designed for more complex processes of teaching at
higher levels of studies.
In general, 97 per cent of the students stated
that they benefit from using ICT in their learning
and research activities, while only 3 per cent of
the students find there is no benefit from the ICT

Table 2. Students’ reasons for using ICTs
Questionnaire item

Number of students

Percentage

Saving time and increasing productivity

23

76

Determining confindence in reviewing literature

5

16

Finding of undiscovered information

16

53

Easily monitoring the current research trends

6

20

Use of electronic delivery of information

24

80

Enhancement of communication with others

25

83

Table 3. Formats of ICT used by students in learning and research
Questionnaire item

Number of students

Percentage

Electronic journals, books and other sources of text formats

27

90

Online library

9

30

Course website

23

76

Digital video and audio recordings

19

63

Interactive multimedia software

5

17

Graphics and digital images

20

60

Websites

27

90

Electronic mail and document exchange

21

70
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usage. We can conclude that the use of ICT tools
has the impact on the increasing the student productivity in the learning process, improvement of
communication with colleagues and easily locating new useful information.
2.3.  Overview and findings about the
second part of the questionnaire
The second part of the questionnaire is devoted
to the identification of the primary students’ demands in the learning process, determining the
degree of student satisfaction with the existing
faculty website and students’ suggestions for improvement the ICT-based teaching. In this part of
the questionnaire the significant number of openended questions was used, for considering the student needs and proposals in a constructive way.
The first question of this part of the questionnaire is in regard to the ways of students’ finding
the necessary information in the learning process
(Table 4). The intention of the question thus posed
is to discover students’ ability to classify the main
sources of information. As the main source of information, most of the students used electronic
resources (80%) as follows: websites of various
organizations, but not both domestic and foreign
faculties, and then different web-publications.
Google and Yahoo browsers are very popular, as
well as Wikipedia that is relevant for students’ research needs.
Table 4. Main sources for students’ searches and
data
Number of
students

Percentage

24

80

Printed sources

11

36

Teacher’s consultation

2

7

Questionnaire item
Electronic sources
• websites
• web-publications
• google-browsers
• wikipedia

This shows that the students are not well informed about the reliable sources of information
on the Internet, such as Kobson or Google Scholar
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browser where the refereed journals, conference
proceedings and books can be found. A much
smaller percentage of the students use printed
resources as the basic literature in the learning
process. In fact, only 36 per cent of the students
use books and manuscripts from the library. It is
interesting that no one mentions a conversation
with the librarian as one of the sources of information, while only 7 per cent of the students lead the
consultations with teachers as the relevant form of
gaining new knowledge. Above-mentioned classification of the basic sources of information indicates that the traditional way of learning, which
involves direct contact and interactive discussion
between teachers and students, is replaced with
ICT-based learning to a large extent.
The next question is in regard to evaluation of
the current website impact on learning process.
Slightly less than a half of respondents (43%) stated that ICTs do not influence student approach to
search for needed information, while 57 per cent
of respondents believe that ICT affect change in
the model of learning. The more detailed review
of the ICT influence on the learning process is given in the table 5, where the positive and negative
factors in the process of e-learning are sublimated.
The total ratio of the positive and negative effects
arising from the use of ICT in the learning process
is almost equal. Specifically, students reported that
their biggest obstacle in the faculty website use are
access restrictions (67%), followed by problems
with the network connection (60%) and the lack
of the necessary links within front pages of the virtual environment (46%). Finally, the minor problems in access to faculty website are the lack of
instructions (23%) and lack of time (16%). If we
consider the top three negative factors when using the faculty website, it can be concluded that it
is a technical glitch. However, access restrictions
are caused by the lack of input or input the wrong
password. The condition for its obtaining is the
presence at the lectures or exercises at the faculty,
so this is the indicator of insufficient coupling of
the electronic and traditional forms of learning,
and not a techical problem, which applies to the
remaining two negative parameters.
When it comes to the positive effects of the
ICT usage in the learning process, 83 per cent of
the students stated that the biggest advantage is the
Volume 6 / Number 1 / 2011
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ability to work from home. Also, for its benefits
stands the possibility of smooth and clear overview of the complete lectures, which is considered
useful by 63 per cent of students, while the advantage of „speeding up“ the learning process took
the third place with 53 per cent of the respondents.
The particularly indicative is the fact that none
of the respondents (0%) consider the traditional
learning model as a superior one compared to the
modern e-learning. This data refer to the benefits
of the e-learning or the synthesis of the two known
forms, but not with domination of the traditional
one, which illustrates the students’ ability to use

ICT in the learning process. It is understood that
the entire student population is not at the same level in terms of knowledge and skills to use ICT, but
the fact is indicator of their aspirations for the constant improvement in order to acquire new skills,
which, eventually, lead to new knowledge.
The next set of questions relate to the frequency
of using the e-learning services, the degree of accessibility to the necessary information on the faculty website and the reasons for their unavailability
(Table 6). When it comes to how often students use
the e-learning, the figures refer to the usage less
than five times a week are almost equal, while the

Table 5. Overview of negative and positive effects during e-learning process
Questionnaire item

Number of students

Percentage

• lack of time

5

16

• of the necessary links within front pages of the virtual environment

14

46

• problems with the network connection

18

60

• lack of instructions

7

23

• access restrictions

20

67

• „speeding up“ the learning process

16

53

• possibility to work from home

25

83

• possibility of smooth and clear overview of the complete lectures

19

63

Negative effects

Positive effects

Table 6. The frequency of using the e-learning services, the degree of accessibility to the necessary
information on the faculty website and the reasons for their unavailability
Questionnaire item

Number of students

Percentage

• very rarely (< once a week)

5

16

• rarely (1 -2 times a week)

4

13

• often (3 - 5 times a week)

4

13

• very often (>5 times a week)

16

53

• yes

10

33

• no

13

43

• no responses

5

16

• difficulties in finding the teaching materials

10

33

• difficulties with access

6

20

• lack of instructions

10

33

• other

4

14

Frequency of e-services usage

Did you find all the necessary information at the faculty website?

Reasons of unavailability of information
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sharp increase is recorded in the case of the e-learning use for more than five times a week. To be more
precisely, 53 per cent of the student population
use e-learning more than five times a week, 13 per
cent use the service from one to five times a week,
while 16 per cent use it very rarely (less than once a
week). Much frequent use of e-learning is the result
of proper utilization of the e-learning advantages.
On the question posed to students: Did you find
the necessary information on the faculty website?,
33 per cent of studied sample answered yes, 43 per
cent stated no, while 16 per cent of the students did
not know how to answer the question. In students’
opinion the main reasons that lead to the inability of
usage the e-learning service are: of-dated lectures,
the lack of complete lectures, the incomprehensible
information which require necessary consultations
with teachers, and the number of teachers who
are not versed in data presentation via e-learning
service. This is directly related to the need for the
teachers’ training in accordance with a modern
teaching methodologies. The main reasons for the
unavailability of information refer to difficulties in
finding the teaching materials and the lack of instructions, both with 33 per cent of the students’
votes, followed by difficulties with access, which
is the main problem in opinion of the 20 per cent
of respondents. This includes the website overloading by the large number of students, leading to the
slower flow of information. However, 14 per cent
of respondents state that they are able to come up
with all the necessary information from the faculty
website without any problems.
3. Conclusion remarks
The conclusion to be drawn by analyzing the
first part of the questionnaire is that ICT positively
affect the student productivity in the learning process. This can be seen in the following:
–– Improved communication with colleagues;
–– Easiness to find the new information
relevant for the lectures;
–– Internet is the important form of ICT tools
to master the preparatory activities in the
learning process;
–– ICT-based learning is more advanced than
traditional methods of learning;
138

–– Willingness to invest the effort in the
mastering of ICT tools is considered the
logical consequence of the desire to use new
technologies.
The second part of the questionnaire provides
the classification of primary students’ demands in
the learning process, and also shows the degree
of student satisfaction with the existing faculty
website. Modern learning process is largely done
through the new technology, in contrast to the earlier direct exchange of the information among colleagues. However, the results show that the synthesis of the electronic and traditional learning is
necessary. The main obstacles when using the faculty website are defined as the technical problems,
but there is also the lack of coupling the electronic
and traditional learning. The analysis of the survey
results leads to the conclusion that students are interested in the affirmation of the existing website,
which could be done by the straightforward approach to data, providing access to additional links
regarding the lecture topic, as well as access to the
additional links concerning the faculty course.
Students also agree with the modernization of the
teaching process through the introduction of the
new ICT forms.
The results of this study represent only a starting point and open up the new possibilities for
research in this area. The aim was to point out
the flaws in modern educational process, and to
formulate the basic guidelines to overcome them.
The application of the modern trends in education with the simultaneous use of the traditional
methods should become the goal of Serbian universities. Education of the future architects should
play a major role in the modernization of Serbia,
in terms of academic research and development
of information and communication technologies.
Education should play an important role in the redefining of the social values, by giving the good
models and initiating the social reconstruction. In
this way professional architecture education may
be useful for creating a good environment for the
modernization of the entire nation.
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Abstract
Knowledge, good abilities and skills are basic
elements that a leader should have in order to be
successful. Knowledge and abilities are acquired by
studying and practical experience unlike the skills
which represent some basic characteristics that individuals may or may not possess. Skills are preconditions which represent features of a personality that
enable him/her to behave in a particular way in certain situations and to perform some activities and, in
that way, to develop certain skills enabling him/her to
be successful or unsuccessful in certain professions.
Leadership is a profession which requests possessing certain skills for performing tasks successfully.
Generally speaking, a successful leader should have
good physical and mental characteristics. Since the
job of a leader is very complex and difficult it can
be successfully performed only by a person who is
physically fit and mentally strong. This paper presents the research results which aim was to examine
the characteristics of leaders in Serbian companies.
Key words: leader, leader’s characteristics,
skills, Serbia.
1. Introduction
A leader should have developed human qualities and authoritative behaviour in order to manage
the work of his/her cooworkers and to lead them
towards fulfilling the common purpose. The statements like: “He was born to be a leader”, or “She
is a natural leader”can be often heard. (Popović et
all., 2010) These statements are typical for people
who consider leadership as a group of skills. Such
140

concepts of leadership are based on the idea that
individuuals have natural, inborn skills and qualities which make them leaders and differentiate
them from other people who are not leaders. Some
individual qualities of leaders include unique
physical characteristics (eg.height), personal characteristics (eg..extrovertness) and skills (eg. eloquence) (Bryman, 1992).
Definition of leadership as a group of characteristics is different from its definition as a process.
Leadership is, here, observed as a natural ability,
t.i. a range of characteristics which different people possess in different extent. (Jago, 1982). This
idea assumes the existence of a selected number of
people, therefore it limits leadership to those who
are believed to have special, inborn talents. Leadership, as a process, can be analyzed on the ground of
leader’s behaviour and it is possible to be learned.
(Jago, 1982). Leadership has been studied since Aristotle, but management, as a science, was born at
the beginning of 20th century with appearance of
industrial society. (Sajfert et all., 2010). Management was developed as a way of reducing chaos in
organizations so they could be led more efficiently
and effectively. John Kotter, a dominant expert in
the field of world leadership, offers a concise experience and wisdom which he has been acquiring
for twenty-five years by monitoring the activities of
different organizations and companies. Kotter compares the functions of management and leadership
and he finds out that these functions are rather different. (Kotter 1990). According to him, the most
important function of management is to provide
order and consistency in organizations while the
primary function of leadership is to cause changes
and movings. Management deals with establishVolume 6 / Number 1 / 2011
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ing order and stability and leadership is seeking for
adaptive and constructive changes. (Kotter 1990).
There are many scientists who, beside John Kotter, think that management and leadership are different notions. Bennis and Nanus confirmed the existence of significant differences between them (Bennis and Nanus, 1985., Bennis, 2003). According to
them, being a manager presumes realization of activities and mastering routines, while being a leader
implies creating a vision of changes and making
the influence upon the others (Bennis and Nanus,
1985). Waren Bennis made a clear difference in his
often cited sentence: „Managers are people who are
doing things in the right way, but leaders are people
who are doing the right thing“ (Bennis, 2003).
Researchers have recently revived the approach
according to which leadership represents a group
of characteristics that describes how these characteristics influence leadership (Bryman, 1992).
Lod, De Vader and Alliger discovered that personal characteristics were, in great extent, connected
with individual picture about leadership (Lod et
all., 1986). Kirkpatric and Locke think that efficient leaders belong to special type of people concerning several key aspects (Kirkpatric and Locke,
1991). During the 20th century characteristics of
leaders were researched and Stogdill’s approach
can be emphasized as a very interesting one (Stogdill, 1948). In his work Stogdill made 124 studies.
In the study a group of important characteristics
that influenced individuals from different groups
to become leaders was determined. According to
Stogdill, an average individual, acting in the role
of a leader, has different characteristics from an
average group member. These characteristics are:
intelligence, speed, intuition, responsibility, initiative, self-confidence and sociability. The work
also confirmed that these characteristics have positive corelation with leadership. Stogdill included
the following ten characteristics:
–– Impuls for taking responsibility and commitment to task realization,
–– Energy and persistence in realization of
aims,
–– Courage in taking risks and original solution
of problems,
–– Need in carrying out initiatives in social
surroundings,
–– Self-confidence and built personal identity,
Volume 6 / Number 1 / 2011

–– Readiness for accepting concequences
related to decisions and activities,
–– Readiness for solving problems in human
relations,
–– Will to accept frustrations and tolerate delaying,
–– Ability to influence other people’s behaviour,
–– Capacity to adjust changeable social structures to real needs.
Kirkpatrick and Locke anticipated that leaders
are different from those who are not leaders on the
ground of six characteristics: energy, desire to be
leaders, sincerity and integrity, self-confidence,
cognitive ability and knowing business (Kirkpatric and Locke, 1991). According to these authors,
individuals can be born with these characteristics,
they can acquire them by studying or possess them
combining the previous two ways. During the last
25 years the researchers have come to concensus
concerning the elementary factors that constitute
personality (Djordjević et all., 2010). These factors are called the „big five“ and they are: neurotic
state, extroverted state, openess, conciliatoriness
and presence of mind. Judge, Bono, Ilies and Gerhardt carried out 78 researches on the connection
between leadership and personality factors (Judge
et all., 2002). They found the strong connection
between the «big five» characteristics and leadership. Possessing certain personal characteristics
is connected with the fact whether someone is an
efficient leader or not. According to their study,
being extroverted happened to be connected with
leadership in the greatest extent. It is the most important characteristic of efficient leaders.
It is very difficult to determine precisely the
characteristics that can be attributed to successful
leaders. According to Dejan Erić, these characteristics are (Erić, 2000):
–– Energy and persistence – these persons are
active and energetic, always on the move.
–– Knowledge and competence – leaders are
aware of the importance of knowledge and
they constantly improve it.
–– Intelligence – leaders often have, according
to researches, IQ above the average.
–– Good estimation – very important characteristic of successful leaders – ability to
estimate things and to anticipate changes in
their surroundings.
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–– Personal integrity – it is tightly connected
with personality character.
–– Self-confidence – leaders are persons who
are self-confident. They are ready to take
risks and responsibility.
–– Creativity and initiative – leaders are full of
ideas which improve organizational atmosphere. On the other hand, people without ideas
destroy creative energy of their collegues.
–– Communicative ability – very important
leaders’ skill.
–– Enthusiasm and optimism – leaders should
be positive in order to inspire their collegues
to work better.
–– Commitment to aims – leaders should
believe in fulfilling the aims.
Detailed analyses indicate that there is a wide
range of skills which are exrtemely important for
successful leaders. The following characteristics
are among the most important: hard-working, intelligent, ambitious, energetic, enthusiastic, flexible, imaginative, optimistic, brave, aggressive,
strong and stable (Popović et all., 2010).
After considering all the mentioned characteristics of successful leaders it seems logical to ask
if there is a person with these characteristics at all.
Such a person would be an ideal person and an ideal
manager. In the real world which is certainly not
ideal there are no ideal persons, therefore it is not
possible to find a man with all these characteristics.
In the phase of selecting managers it is not useful to look for a person who has all the mentioned
characteristics but for a person who possesses these
characteristics in great extent. In real situations it is
better solution to choose a subgroup of characteristics necessary for a position of a manager than to
look for a person that satisfies the requests.

which can be seen in relatively high average grades
– this is presented in the following graphs.Beside
the average grades for the sample, the graphs also
present the leaders’ grades, grouped according to
certain features and related to their anticipated influence upon leaders’ attitudes – age, social background, size and type of company’s ownership. The
research results are presented in the pictures 1-5.

Picture 1. Evaluation of personal characteristics
by leaders – the whole sample

Picture 2. Evaluation of personal characteristics
by leaders- background (workers / farmers)

2. Research results
In the survey carried out for the sake of this research, attitudes of directors in Serbia towards the
significance of specific personal characteristics
of leaders was tested. The list included 14 most
common characteristics cited in literature, and the
grades were from 1 to 5. Each of the offered characteristics is important for successful work of leaders
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Picture 3. Evaluation of personal characteristics
by leaders over 45 years of age
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Picture 4. Evaluation of personal characteristics
by leaders – companies over 1000 employees

Picture 5. Evaluation of personal characteristics
by leaders – socially/state owned companies
It is significant to notice that the leaders evaluated favourably characteristics related to personal individuality, self-confidence and independence, etc.
On the other hand, the least appriciated is extrovert
behaviour, then also other characteristics that assume direct and open performance (aggressive approach, charisma, tendency towards risks). Taking
into account that communicative and negotiation
skills are highly evaluated, it may be anticipated
that leaders in Serbia prefer politically thoughtful
performance in comparison to open, charismatic
way of communication with the surroundings.
Certain variations that make difficult simple
concluding can be noticed in the answers of the
surveyed leaders. In order to overcome these difficulties the main leaders’ characteristics which
explain most variations in evaluating individual
characteristics have been looked for by analyses.
In the table 1. the main characteristics are presented according to the grades of leaders from the
whole sample.
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It can be noticed that the interviewed astimated
the quality of a leader on the grounds of four basic
characteristics (self-confidence, being methodical,
leading and political abilities). The order of these
characteristics on the list has its significance, too.
By evaluating the quality of a leader, top managers
in Serbia evaluate his/her self-confidence as well.
Apart from self-confidence and independence the
most important dimension of a leader’s personality in Serbia is characterized by distinct get-ahead
qualities (aggressiveness, fast reaction and tendency to risks).
Beside individual self-confidence, directors
in Serbia estimate the quality of leaders on the
grounds of how methodical they are. This dimension is made from well-validated quality of consistency and pretty well graded characteristic of
patience and composure. Patience and composure
point at the significance of calmness as a very important characteristic of leaders, according to the
opinion of top-managers in Serbia.
Leaders’ abilities are not of crucial importance
for estimation of someone’s qualities for performing leadership activities. The advantage in the way
of thinking of Serbian top-managers is obvious in
comparison to the previous period in which they
thought that these characteristics were undiserable.
Political skills belong to the group of personal
characteristics which are the least important when
someone’s aptness for good leader’s job performance is in question. It should be emphasized that
negotiation skills belong to this dimension. Communicativeness and personal charm are characteristics that should be added to this group, as well.
Although at the end, this group of personal characteristics is estimated and validated when someone
wants to estabilish the characteristics which make
successful leaders.
These four groups of leaders’ abilities are characteristic for the opinions of all interviewed directors. Therefore, the following assumption could be
made – these four dimensions design the space in
which an average leader estimates abilities of all
potential and current top-managers for performing
the job of leaders. It is interesting to see if there are
any differences in validation of basic dimensions
among certain types of our directors. In the table 2
the differences in interpreting schemes of certain
types of leaders in Serbia are presented.
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Table 1. Basic leader’s characteristics
Self-confidence

Being methodical

Leading abilities

Political abilities

strongly expressed
characteristics

strongly expressed
characteristics

strongly expressed
characteristics

strongly expressed
characteristics

- tendency to risks

- composure

- personal charisma

- communicative skills

- fast reaction

- consistency

- extrovert behaviour

- negotiation abilities

- aggressiveness

- patience

- pleasant appearance

- personal style

weakly expressed
characteristics

weakly expressed
characteristics

weakly expressed
characteristics

- independence

- communicative skills

- self-confidence

- self-confidence

- personal style

Table 2. Differences in certain types of leaders in Serbia
Types of managers

1 FACTOR

2 FACTOR

3 FACTOR

4 FACTOR

According to age
Up to 45 years

Being methodical

Self-confidence

Leadership

Political skills

Ove 45 years

Self-confidence

Political skills

Being methodical

Leadership

According to the ownership of the company
Socially/state

Self-confidence

Political skills

Being methodical

Leadership

Private

Being methodical

Self-confidence
Political skills

Self-confidence

Leadership

According to social background of managers
Farmers(village)

Political skills/
Leadership

Self-confidence /
Leadership

Being methodical /
Self-confidence

Self-confidence

Workers

Being methodical

Self-confidence

Leadership

Political skills

Office staff

Leadership

Being methodical

Political skills

Self-confidence

Intellectuals

Leadership

Being methodical

Being methodical /
Political skills

Self-confidence

According to company’s function
General

Being methodical

Self-confidence

Political skills

Leadership

Assistent

Political skills
Leadership /
Political skills

Leadership

Being methodical

Being methodical

Self-confidence

Self-confidence
Self-confidence /
Being methodical

Functional

The previous review shows that different types
pay different attention to certain personality dimensions of leaders. The most obvious differences in
validation of leaders’ personal characteristics are:
–– Older leaders estimate manager’s abilities
through their personal self-confidence and
political skills. On the other hand, younger
leaders pay a lot of attention to methodical
behaviour while they almost neglect
political skills.
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–– It is obvious that older leaders and leaders
from socially and state owned companies
have similar way of thinking unlike young
leaders and leaders from private companies
who belong to other group.
–– Leaders coming from villages pay a great
significance to political and leadership skills.
According to them, a good leader is noticed
more because of his aggressiveness than
because of self-confidence and methodical
Volume 6 / Number 1 / 2011
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––

––

––

––

behaviour. It is interesting that these leaders
respect a pleasant appearance because this
characteristic is among three most influential
factors.
Leaders with working background extremely
validate methodical behaviour while leaders
from intellectual and office staff families
estimate a good leader according to pure
leadership.
Top managers, those who have already
gained a desirable position, estimate
leaders’ abilities through self-confidence
and methodical behaviour. On the contrary,
their assistants or vice top managers, who
have certain aspiration towards becoming
top managers themselves, estimate a
good leader according to his political and
leadership skills. Taking into account their
position in the company, it is clear that these
characteristics are crucial for their survival
in organizational hierarchy.
Functional directors as a group appreciate
considerably leadership-political skills and
then self-confidence and methodical behaviour.
Finally, it can be noticed that, according
to research results, an obvious similarity
in answers showed younger managers,
employed in private companies, leaders
from working background and those on top
positions in their companies.

4. Conclusion
On the ground of the carried out research the
following conclusions can be derived:
–– Top managers as great universal experts
take central position, tending to possess
a necessary amount of all characteristics
which is sufficient for performance of the
most responsible function in the company.
Besides, from their answers can be seen that
they pay attention to personal style, charm,
independence, commucativeness, fast
reactions and self-confidence.
–– Marketing leaders are very close in their
answers to top managers. This was possible
to notice in the answers which these two
Volume 6 / Number 1 / 2011
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groups gave in relation to importance
of particular knowledge. It is, therefore,
possible to generate a hypothesis that
marketing and top managers have the most
possible similarity in the way of thinking.
Vice top managers consider patience
and consistency the most significant
characteristics, which is probably the
consequence of their position in the company.
They also tend to keep their present position
within the company and to take over the top
position in the future, as well.
Financial, IT directors and members of
board are mostly inclined to composure as
the most important characteristic, which
is understandable concerning the job they
perform.
Research and development directors highly
respect self-confidence, fast reactions
and independence. However, since they
like communicativeness, personal style
and charm, it can be concluded that these
characteristics are important for gaining the
status and position of R/D functions.
Tendency to risks, aggressiveness and
personal charisma represent a pretty
interesting mixture of personal characteristics
which can be expected from an entrepreneur.
The fact that these characteristics are highly
appreciated by production managers can be
important if this signifies their enterprising
orientation. However, the fact that directors
in the sector of cadre selection give favour
to these vectors isn’t enough to consider
their behaviour enterprising. . They rather
gave socially desirable answers that they
considered correct.

Finally, from the previous analyses it can be
seen that there are surprisingly positive opinions
as well as some negative deviations in estimation
of certain personal characteristics of Serbian leaders. In the future cycle of education it is necessary to pay a special attention to development of
desirable personal characteristics of these leaders.
Taking into account some influential variables it
is possible to anticipate inclinations of some candidates and correct certain deviations in their way
of thinking. Potential leaders can be grouped by
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cluster analysis based on factor analysis. Factor
analysis is often done in practice before the cluster
analysis (Savić, 2009), which leads to very reliable results in the study.
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Abstract
Using the DEA (Data Envelopment Analysis)
method, we have analyzed efficiency of banks in
Bosnia and Herzegovina (B&H) in 2009. The paper is focused on the analysis of technical, cost, allocative and scale efficiency using intermediation
approach through the input-oriented analysis. A
sample comprised 19 banks from the territory of
Federation B&H grouped by the size of assets and
the ownership structure in order to find out whether
there are variations in efficiency of banks of different sizes, as well as banks that have different ownership structure. The results of the DEA analysis
indicate that the banks are on average significantly inefficient. Moreover, the largest banks, which
cover most of the market in B&H, are at the full
efficiency level measured by all indicators. Accordingly, pondered means of banks efficiency based on
their share in total assets highlight that the total assets of banking sector is on average very efficient.
All efficiency indicators obtained suggest that the
large banks are significantly more efficient than the
medium and smaller ones. It is also found that the
foreign-owned banks are more cost-efficient and
have full scale efficiency compared to the domestic
banks and those with mixed ownership. The article
further identifies a home field advantage hypothesis for a group of domestic banks as compared to
the foreign-owned ones. Thus, domestic banks are
technically more efficient than foreign-owned ones
and those with mixed ownership.
Key words: Bank Efficiency, DEA method,
Banks in Bosnia and Herzegovina
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Sažetak
Koristeći DEA (Data Envelopment Analysis) metodu u članku je izvršena analiza efikasnosti banaka u Bosni i Hercegovini za 2009. godinu. Članak je koncentriran na analizu tehničke,
troškovne, alokativne te efikasnosti obima koristeći
intermedijacijski pristup putem input orjentirane
analize. Uzorak od 19 banaka sa teritorija Federacije BiH u analizi je grupisan prema veličini aktive
te prema strukturi vlasništva sa ciljem da se dođe
do spoznaje postoje li razlike u efikasnosti banaka
različite veličine, kao i banaka koje imaju raličitu
strukturu vlasništva. Rezultati dobijeni DEA analizom ukazuju da su analizirane banke u prosjeku
znatno ispod pune efikasnosti, međutim i da su
najveće banke, koje pokrivaju veći dio tržišta BiH,
na nivou pune efikasnosti po svim pokazateljima.
Ponderirani prosjeci efikasnosti banaka po osnovu
učešće u ukupnoj aktivi pokazali su da je zbirno
posmatrano, bankarski sektor veoma efikasan. U
skladu sa navedenim, velike banke su značajno efikasnije od srednjih i manjih banaka po svim dobijenim pokazateljima efikasnosti. Nadalje, analiza
je pokazala da su strane banke troškovno efikasnije i da imaju punu efikasnost s obzirom na obim
u odnosu na domaće banke i banke sa mješovitim
vlasništvom. U članku je indetificirana prisutnost
hipoteze o potencijlnim prednostima domaćeg terena za grupu domaćih banaka u odnosu na strane.
Dakle, domaće banke su tehnički efikasnije od stranih banaka i banaka sa mješovitim vlasništvom.
Ključne riječi: Efikasnost banaka, DEA, banke u BiH,
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1. Introduction
The efficiency of the banking system is a determinant of overall economic growth of the country (Kumar, S., and R. Gulati, 2008). In this sense, it is very
important to monitor and evaluate the efficiency of
the banking system in order to identify its weaknesses and potentials for future upgrades and improvements. In the past ten years, the B&H banking system
has experienced major structural and organizational
changes, which are some of the most important determinants of bank efficiency. These changes are: the
process of bank regulation, privatization, concentration and FDI investments in the banking sector. None
of these processes has been empirically investigated
in B&H, nor was any assessment of their impact on
the efficiency of banks made.
Using the methodological framework of DEA
(Data Envelopment Analysis) technically edited
by Coelli, TA, (1996), the objective of this research is to make an empirically determined and
quantitative assessment of bank efficiency in B&H
and to identify variations in efficiency between the
domestic and foreign-owned banks and between
large and small banks.
In the past twenty years various studies have
been conducted that were focused on the issue of
efficiency of banks in individual countries, regions,
groups of countries such as European countries
(Pastor, JT, Lozano, A. and Pastor, JM, 2002, Glass,
B., and P. Molyneux 2003), CEE countries (P. Zajc,
2006; Stavarek, D, 2006), developing countries
(Sufian, F., 2004), transition countries (Grigorian,
DA, and V. Manole, 2002; Bonin, J., I. Hasan and
P. Wachtel, 2005), post-communist countries (Fries,
S. and Taci, A., 2005), etc. Several studies have
been made that deal with the efficiency and impact
of similar process that took place both in Bosnia
and Herzegovina and in neighboring countries such
as those in Croatia (Jemrić I. & B. Vujcic, 2002;
Kraft, Hofler & Payne 2006) and FYR Macedonia
(Giustiniani A., K. Ross, 2008). However, none of
these studies, although most of them were “cross
country” studies, have not included any analyses
of bank efficiency in B&H. Accordingly, this paper
represents a groundbreaking research in this area in
Bosnia and Herzegovina and we hope it will contribute to a more objective perception of the subject
matter in B&H.
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2. The banking sector in Bosnia and
Herzegovina
In the last decade, the banking sector in B&H
has experienced some significant structural and organizational changes. The banking sector, as well
as other sectors of the economy, was destroyed
during the war period. Therefore the post-war
reconstruction taking place since 1996 has been
very difficult and complex for the banking system
of B&H. In 1997 the Central Bank was established
according to the “currency board” arrangement,
whereby the focus was put on stabilizing the currency and restoring confidence in the financial system, and at the same time “stripping” the Central
Bank’s instruments of monetary policy. What followed after the establishment of the Central Bank
was the introduction of a single currency in B&H
market in line with the principle of pegging the
national currency KM/BAM (Convertible Mark)
to DEM (German Mark) at a fixed exchange rate
of 1KM=1DM, which resulted in withdrawing as
many as four then existing currencies, i.e., Serbian
“Dinar”, Bosnian “Dinar”, Croatian “Kuna” and
German “Mark”. Today, KM is pegged to EUR at
a fixed exchange rate of 1 EUR = 1,95583 KM.
At the end of the 1990s, the banking system
went through the processes of consolidation, regulation and privatization. During this period some
relevant legal frameworks for operation of banks
were adopted. In accordance with the administrative organization of B&H, the legal framework
consists of The Law of Banks of Federation B&H
and the Banking Law of Republika Srpska (RS).
Implementation and enforcement of those laws
are controlled by the two bank supervision agencies in B&H, namely the Banking Agency of
FB&H and RS. Consequently, the banking system in B&H is divided into two parts, which in
the previous period has reflected on specific processes that occurred in the banking system. The
intensive privatization process took place at the
beginning of this century, which resulted in up to
95% of the banking system being privatized from
the public/state to private domestic or foreign
ownership. In the last ten years, confidence in the
banking system has been restored and the banking
system itself has been significantly developed and
strengthened, measured by growth of deposits and
Volume 6 / Number 1 / 2011
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the amount of capital. These processes coincided
with the process of the concentration of the banking system due to numerous mergers and acquisitions of banks, which further resulted in reducing
the number of banks in B&H in the period from
the end of the last century until today from approximately 70 to 30 banks that operate today.
Foreign banks and banking groups entered in
the B&H market and enforced their market position
mainly through “taking over” the local banks or
merging with them. All these processes influenced
the efficiency of banks in B&H and several characteristics of the sector were identified of which none
has ever been empirically evaluated or confirmed.
These characteristics are: higher profitability of the
foreign-owned banks compared to the domestic
banks and greater profitability of the larger banks
compared to the smaller ones. The above statements are the main hypotheses for this paper.
3. Data and methodology
Division of the B&H banking system makes the
analysis of efficiency that would be made at the
state level more difficult, primarily due to certain
differences in accounting standards and principles
that are in some segments (e.g., calculation and allocation of reserves for potential losses) very significant. Therefore, due to the limited integration
of results, different regulatory frameworks and different economic environments, we have decided
to analyze the sample of 19 banks in FB&H. Data
were collected from the condensed reports of external auditors on financial statements of the banks in
FB&H published by the Federal Banking Agency
(BF, 2009). This Report provides condensed and
audited statements for banks which were active
in this market during 2009, whereas according
to the information furnished in this publication,
two banks were under provisional administration:
Hercegovačka Bank dd Mostar and Una Bank dd
Bihac. An overview of the analyzed banks with basic information on them is provided in Annex 1.
In the second part of the analysis, the banks
are grouped based on two criteria: size and ownership. In relation to these factors various studies
have been carried out and indicated their different
effects on bank efficiency. Accordingly, Altunbas
Volume 6 / Number 1 / 2011

Y.,d L. Evans, P. Molyneux (2001) and Girardon
C., JC Nankervis and Velentza E., (2009) analyzed
the impact of ownership on efficiency, while J Bonin, Hasan, I., Wachtel P. (2004) analyzed the effect
of privatization on efficiency, and Claessens, S.,
Demirguc-Kunt A., Huizinga H. (2001) analyzed
the effect of the entry of foreign banks on domestic
market. Also, Havrylchyk O. (2006) conducted a
comparative analysis of foreign and domestic banks
in Poland. In addition, Bikker, JA, Groeneveld JM,
(2000) analyzed the effect of concentration on the
efficiency of banks in the EU, and S. Perera, M.
Skully & Wickamanayake J., (2007) in considering
the efficiency of South African banks analyzed the
impact of the size of banks and state ownership of
banks on their efficiency, while Sufian, F., and Majid M. (2007) analyzed the impact of bank mergers
in Singapore on their efficiency. Banks in our sample are consequently divided into three categories
in terms of their size: small banks with assets up to
quarter of a billion EUR, medium-sized banks with
assets up to half of billion EUR, and large banks
with assets above half a billion EUR. The first category consists of 12 banks, the second category
of 3 banks and the third of the remaining 4 banks.
According to the criteria of ownership, the banks
are also grouped into three categories: banks with
dominant foreign ownership, banks with mixed foreign and domestic ownership, and banks with local
ownership in which there are state-owned banks or
banks with combined domestic, private and state
capital. The first category consists of 11 banks, the
second of 4 banks, whereas the remaining 4 banks
are in the third category.
In analyzing the efficiency of banks in Bosnia
and Herzegovina, we used the DEA method which
was first introduced by Charnes et al (1987), based
on the work of Farrell’s (1957). In addition to this
method there are and other parametric and nonparametric methods (Banker, RD, A. Charnes, and
WW Cooper, 1984), whose consistency and reliability were tested by Berger & Humphrey (1997)
who analyzed 130 studies of efficiency from 21
countries. Based on these studies and experiences
of other researchers, we have used nonparametric
DEA technique in this paper, taking into consideration all its advantages and disadvantages that
are indicated by Berger & Humphrey (1997). Using the DEA it is possible to measure relative ef149
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ficiency among the subjects that have similar characteristics, which are usually labeled as ”Decision
Making Units” (DMU). Initially, this model was
only used for analyzing non-profit organizations,
however, but in the mid-1980s it was first time
used on banks in Sherman’s and Gold’s analysis
of banks efficiency. A great number of different
studies on bank efficiency using the DEA analysis have been conducted in the last twenty-five
years. In DEA analysis, there are two approaches:
production and intermediation approach. In the
production approach, the bank is treated as an
entity that uses various inputs to be transformed
into specific outputs. Outputs are usually quantitative indicators about the number of open accounts, number of issued cards, financial products
and similar. However, this approach is rarely used
because these data are frequently not available or
very difficult to obtain because in many banking
systems they form a part of business secrets. Owing to these reasons, we decided to use intermediation approach in our analysis, by which the bank
is treated as an intermediary between the sufficient and deficient subjects. This approach allows
for two types of analyses: input-oriented analysis
and output-oriented analysis. In the input-oriented
analysis we examine the possibility of reducing the
amount of input used while enabling the production of the same level of output. The second option
starts with the possibility of increasing the level
of output using the given level of inputs. In this
analysis we used the input-oriented analysis, taking into account difficulties that bank in B&H face
in getting inputs, especially good quality deposits,
and that it is easier for them to increase efficiency
by reducing use of certain inputs, or by savings of
inputs, rather than finding new customers.
The DEA is a linear programming technique in
which the efficiency of each bank is measured by
comparing the same with similar efficient banks/
bank. Thus, the DEA identifies the efficient referent bank/banks for each individual bank and
then estimates the level of efficiency of the bank
analyzed by comparing its performance with the
bank that is best-practice one. In this way the reference banks create the reference standards or the
efficiency frontier. For each individual bank, the
model chooses its peer, and relative to it, determines the level of this bank. Accordingly, the bank
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is inefficient if it is below the efficiency frontier,
or its most efficient comparable bank. The results
of the efficiency analysis are: technical efficiency,
scale efficiency, cost efficiency and allocative efficiency (Tatic K., 2003).
Technical efficiency is a measure of managerial ability to organize the production process that
is to transform inputs at its disposal into as many
outputs as possible. The maximum amount of outputs for a bank means technically efficient management of resources at a given level of inputs. In
case the efficiency analysis is made assuming the
constant return to scale (CRS), this efficiency is
considered as “pure technical efficiency” (PTE).
The Bank operates with CRS if its size is at an
optimal level. If the bank activities are under or
above the optimum or most efficient level, then it
is necessary to analyze the bank with the assumption of variable return to scale (VRS) (Banker, RD,
A. Charnes, and WW Cooper, 1984). In such case,
pure technical efficiency in DEA analysis is decomposed into Overall technical efficiency (OTE)
and the Scale efficiency (SE = OTE / PTE). In the
analysis of efficiency, OTE provides information
on the efficiency relative to the configuration of
inputs/outputs, as well as to size of the operations
that the bank realizes. The SE indicator gives information about the ability of management to
choose the optimal amount of resources or to select a range of activities that will result in efficient
operations of the bank.
If the bank is inefficient to scale, there are two
possible outcomes: decreasing returns to scale
(DRS) or increasing return to scale (IRS). If the bank
is identified in the analysis as inefficient in terms
of SE and is in the “IRS”, it means that the bank
can increase its efficiency by increasing the activity level and vice versa for the situation of “DRS”.
Cost efficiency (CE) is present in the bank if the
bank succeeds to produce the given output at the
minimum costs. Therefore, we have technical efficient bank if it spent a minimum of inputs for
a given level of output. However, different inputs
have different price, so technically efficient combination does not need to be the least expensive
one. In practice, it is possible to have a combination of inputs, which is technically less efficient
(inefficient), but at the same time costs less due to
different input price costs.
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Finally, allocative efficiency is present in a particular bank if it organizes activities for the realization of output mix that maximizes its revenue. So,
the bank is efficient if it allocates its resources in
such a way as to realize the level and mix of outputs that maximize revenue. Allocative efficiency
is equal to the proportion of cost and technical efficiency (Leibenstein, H. 1966), namely:
Allocative Efficiency - AE = CE/TE
In this article we have used the input-oriented
model for different returns to scale which Coelli,
TA (1996) formulated as a mathematical problem
for analyzing each DMU, calculating the ratio of all
outputs and all inputs such as u´yi/v´xi. In this relation, „u” is the Mx1 vector of output weights, while
the „v“ is Mx1 vector of input weights. Accordingly,
mathematical formulation of the model for the constant return to scale would be (Coelli, TA, 1996):
maxu,v (u´yi/v´xi),
u´yi/v´xi ≤ 1, j = 1, 2, ... , N
u, v ≥ 0.
The main problem of this formulation is that
the unlimited number of solutions is possible and
it is necessary to impose a constraint v´xi = 1, and
then the model takes the following form (Coelli,
T.A., 1996):
maxμ,v (μ´, v),
v´x =1,
μ´, v - v´x ≤ 0,
j= 1,2,3, .. , N
μ, v ≥ 0.
This form is known as a multiplier form of the
linear programming model. Using the given form,
it is possible to identify the final formulation of the
model (Coelli, T.A., 1996):
minθ,λ θ,
-yi + Yλ ≥ 0
θxi – Xλ ≥ 0
λ≥0
where „θ“ is scalar and the results of “θ” will
be the efficiency scores that satisfies the condition
Volume 6 / Number 1 / 2011

θ ≤ 1. So, if it is equal to 1, it indicates full technical efficiency of the analyzed DMU. The “λ” is a
Nx1 vector of constants. This model can be easily
modified for variable return to scale by introducing the convexity constraint N1’λ = 1 as follows
(Coelli, T.A., 1996):
minθ,λ θ,
-yi + Yλ ≥ 0
θxi – Xλ ≥ 0
N1´λ=1 ≥ 0,
N1 being a vector of Nx1 of ones. If we want to
get scores of both, allocative and cost efficiency,
it is necessary to establish the cost DEA (Coelli,
T.A., 1996):
minθ,Xi* wi´, xi*,
-yi + Yλ ≥ 0
xi* – Xλ ≥ 0
N1´λ = 1
λ≥0
where „wi “ is a vector of input prices for the
i-th DMU, and „xi*“ is a cost-minimizing vector
of input quantities for the i-th DMU. Accordingly,
cost efficiency would be equal to: CE = wi´xi*/
wi´xi.
4.  Selection of variables
In analyzing efficiency, the selection of variables depends on the approach used. Given the
fact that we have chosen intermediation approach,
an overview of selected variables and input prices
are given in Table 1.
The selected model consists of three inputs
and two outputs. In this model, which is in theory
known as the balance sheet based model, we selected categories of total deposits, fixed assets and
employees as input variables. By using these inputs, the bank strives to create its earning assets.
The first input, i.e., total deposits, according to its
structure in B&H banks balance sheets includes
categories of interest and non-interest current,
savings and term deposits that banks have gathered as their main source for placing of loans and
other investments in assets. The second input, i.e.,
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Table 1. Overview of selected variables for the DEA analysis of efficiency of the banks in B&H
Character of variable

Variables

Prices

Input

Total deposits
Fixed assets
Employees

Total interest expenses
Costs of business premises, other fixed assets and utilities
Costs of salaries and benefits

Output

Net loans
Other earning assets

Table 2. Average scores of efficiency on the basis of all indicators for B&H banks in 2009
Efficiency

PTE

OTE

SE

AE

CE

The average for the sample

0,782

0,864

0,906

0,738

0,652

The weighted average according to market share in assets

0,948

0,960

0,985

0,929

0,902

fixed assets, includes premises and other fixed assets that the bank uses to fulfill its roles of intermediation and comunication with their markets. The
third input is employees with whom bank realizes
all its intermediation activities. This input of the
model comprises a number of full-time employees in each bank. For outputs of the model, we
chose net loans and other earning assets. The net
loans represent a category of loans and other investments of the bank reduced by reserves for potential credit losses. In this way, the reserves that
are the cost of non-performing loans and the deduction of total assets, through the category of net
loans, are properly evaluated and thus reflect the
quality of assets and its real, rather than nominal
value. As a second output “other earning assets”,
according to B&H banks balance sheets, comprises investments in unconsolidated associated
companies, interest-bearing deposit accounts and
other assets. Additionally, we have analyzed the
allocative and cost efficiency of B&H banks in the
given model. For the purpose of this analysis, and
apart from the inputs and outputs, it is necessary
to introduce inputs prices in the model. Therefore,
we have also defined and inputs prices according
to B&H banks income statements as follows: for
employees - the costs of salaries and benefits; for
deposits - total interest expenses, and for fixed assets - cost of business premises, other fixed assets
and utilities.
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5.  Efficiency – empirical results
We got results presented in Annex 2 using the
DEA method for all banks in the sample in 2009.
The results of this analysis suggest that the efficiency of banks is strongly asymmetrical, where the
technical efficiency of the banks is from 0,553 for
inefficient banks and 1 for fully efficient and reference banks. Table 2 provides a review of average
results obtained by the DEA analysis for B&H.
If we observe results for PTE – the technical
efficiency for the CRS, banks in B&H are at the
level of 0,782; which means that banks are inefficient and on the average their output can be realized by using 22% fewer inputs. The results of
the DEA analysis for VRS showed that as many
as 13 banks are not within the optimum range of
activities and only 6 banks has a constant return
to scale. From 13 banks with suboptimal levels of
activity, 6 banks are in the stage of DRS, meaning
that they have an excessive volume of activities
given the resources at their disposal. These banks
„entered“ the growth phase of average total longterm costs and they used all benefits of economies
of scale and any future increase in activity would
result in higher marginal costs compared to their
average total costs. These banks can increase their
efficiency by rationalization of operations and reallocation of resources. Annex 3 provides a table
with projections of optimal level of inputs aiming
at minimizing costs for each analyzed bank. The
remaining 7 banks are in the zone of its economies
of scales, which indicates that they are too small
or that they have opportunity to increase scale of
Volume 6 / Number 1 / 2011
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activities what may increase their efficiency by
achieving new economies of scale as much as
their potential allows. The summary of statistics of
the DEA analysis for B&H is given in the Table 3:
Table 3. Summary of statistics of DEA bank’s efficiency analysis in B&H in 2009
Statistics of DEA results

Value

Number of banks included in the analysis

19

Number of cost-inefficient banks

14

Number of SE inefficient banks

13

Number of OTE inefficient banks

9

Average cost efficiency

0,652

Average SE efficiency

0,906

Average OTE efficiency

0,864

The least cost-efficient bank

0,551

The least efficient bank according to SE

0,165

The least efficient bank according to OTE

0,553

The number of banks in the process of IRS

7

The number of banks in the process of DRS

6

As the statistics of the DEA results suggest, over
60% of banks in the analyzed samples are inefficient regarding to scale (SE). Therefore, it is very
important to analyze the technical efficiency with
the variable return to scale. The average efficiency
of banks in B&H is at the level of OTE=0,864.
Accordingly, the banks could realize the same output with average of 13% fewer inputs. Ten banks
are technically efficient and therefore they create
the frontier and become the comparable reference for the other banks. The results of analysis
showed that the least efficient bank is at the level
of OTE=0,553, which means that this bank wastes
approximately 50% of its resources.
It is apparent in the Table 1 that the banks in
B&H are on average inefficient regarding to their
scale, SE = 0,906. It can be thus concluded that the
existing level of output could be produced with a
reduction in the scale of activities by 10%. The
results of SE for all individual banks as well as
indications if they have increasing or decreasing
returns are showed in Annex 2. In accordance with
the Cost DEA analysis, the values of individual
cost and allocative efficiency of banks in B&H
are also very asymmetric in the observed sample.
The average level of cost-efficiency is CE=0,652,
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which means that on average the observed banks
have very poor costs management, thus the current output could be produced with reduction in
some inputs and its compensation with less expensive inputs, so the cost may be reduced by as
much as 35%.
The five banks are cost and allocative efficient,
whereas the least allocative efficient bank has only
0,299, and the least cost-efficient bank is at the
level of only 0,165. In accordance with the data
presented above, the average allocative efficiency of banks in B&H is at the level of AE=0,738,
which means that banks on average can produce
the same output by input reallocation – different
input combination, and by doing so reduce costs
and increase their revenue by 26%.
One of the important characteristics of B&H
banking sector is a high concentration of assets
and capital (the largest four banks in FB&H cover
72% of the market measured by the indicator of
participation in the total assets). Accordingly, the
Table 2 presents the results for weighted efficiency averages by the market share of the banks.
Based on these results, we can conclude that
the sample is at a much higher level of efficiency
than the individual banks. This means that banks
with the highest market share are at the same time
the most-efficient ones, so measuring efficiency
by weighted averages, the situation in B&H banking sector is much better. However, bearing in
mind that within any banking sector each bank is
important, regardless of its market share, particularly due to a stronger chain reaction effect of all
banking systems in the world, in this analysis we
will not devote too much attention to the weighted
averages of efficiency. Here, we will take the logic
that „the chain is as strong as its weakest link“
and the best example of this is the current financial crisis, so we will mark the weighted averages
as a statement on the high average efficiency of
banking assets in B&H. But, in order to identify
the influence of bank size and concentration in the
banking sector, as well as the ownership structure
on bank efficiency, the following is the analysis
of the results by the groups of banks that we have
previously presented. Accordingly, in Table 4
there is a summary of results of average efficiency
for the groups of banks defined according to their
size of assets:
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Table 4. The average efficiency levels by groups of banks according to their size in 2009
Banks with assets:

Market share in assets%

PTE

OTE

SE

CE

AE

Over half a billion EUR

72

0,9947

1

0,9947

0,9955

0,9955

Up to half of a billion EUR

15

0,9343

0,9436

0,9893

0,7720

0,8113

Up to quarter of a billion EUR

13

0,6725

0,7984

0,8552

0,5074

0,6340

Table 5. Average efficiency levels by the groups of banks depending on the structure of ownership in 2009
Banks ownership

Market share in assets %

PTE

OTE

SE

CE

AE

Foreign

92,2

0,8433

0,9035

0,9333

0,8100

0,8834

Mixed

4,2

0,5962

0,6907

0,8665

0,4502

0,6327

Domestic

3,6

0,7975

0,9275

0,8692

0,4187

0,4437

The analysis of bank efficiency in B&H has
shown that the larger banks are more efficient than
the smaller ones, namely the larger the bank, the
greater the efficiency. The analysis has also showed
that the category of large banks with assets over
half of a billion EUR (the large banks – 72% market share measured by assets) operate at an optimal
level and they have constant return to scale, so they
fully use the benefits of economies of scales.
So, all large banks are efficient according to the
OTE scores while they showed insignificant level
of inefficiency of 0,45%. The positive relation between growth and size of banks, mergers and acquisitions and efficiency were found also by Weiguo
X., Ming L., (2008) in their analysis of influence of
M&A on efficiency of banks in China and the USA.
The results of the efficiency analysis for the second
group of banks up to 0,5 billion EUR (mid-sized
banks – 15% of market share measured by assets)
show much lower efficiency compared to the first
category for all the indicators obtained.
They are technically inefficient by more than
5% compared to the large banks, however, they
are much more cost-inefficient and their level of
cost-inefficiency is 23%. According to the size and
scale of their activities, it is possible to increase
the efficiency by little bit more than 1%, therefore
we consider that they operate nearly at the optimum level. A graphic representation of these differences in efficiency is shown in Figure 1.
Thus, as can be seen on the Figure 1, the efficiency of banks declines as their sizes decrease.
Accordingly, the banks up to the quarter of a billion EUR (small banks - 13% market share in assets), have lowest levels of efficiency. They have
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especially low cost- efficiency on 0.507, which
means that the costs in this group of banks can be
halved, with no changing in the level of output.
Technical efficiency score is 0.8, whereas their
scale efficiency is 0.85.

Figure 1. Graphical presentation of average levels of efficiency by the groups of banks depending
on their size in 2009.
One of the very important determinants of bank
efficiency is the ownership of bank capital. As in
many other studies, our sample of banks is grouped
according to this criterion, so we have analyzed the
efficiency of foreign-owned banks (foreign banks
- 92.2% market share in total assets), the mixed,
domestic and foreign (mixed banks - 4,2% market
share in assets) and domestic private or domesticstate owned (the domestic banks - 3.6% market
share in assets). The average efficiency levels for
these groups of banks are given in Table 5:
The results of the DEA analysis given for the
groups of banks by ownership structure, confirmed
that the foreign-owned banks are more scale and
cost-efficient than the domestic and mixed ones.
However, in accordance with these results, the foreign banks are not fully efficient in controlling of
their costs, so there is a 20% potential for cost reduction. Technical efficiency of the foreign banks
Volume 6 / Number 1 / 2011

technics technologies education management

is at the level of 0.9, while the scale efficiency is at
the level of 0.93. Such high level of efficiency of
the foreign banks affects the efficiency growth of
the entire banking system of B&H, although some
studies of efficiency in some other countries have
shown that the entry of foreign banks has no effect
on the efficiency growth, as it was the case with
Uzbekistan (Nigmanov A., 2010). On the other
hand, Bonin, J., I. Hasan and P. Wachtel, (2005)
have found that foreign banks are more efficient
than domestic ones in transition countries, as concluded and Jemric, I. and Vujcic, B., (2002) in
their study conducted for Croatia.
The banks with mixed ownership are significantly less efficient than the foreign-owned ones.
The same relation has been found by Fries, S. and
Taci, A. (2005) in their study for the transition
countries, meaning that the banks with major foreign ownership are the most efficient ones, mainly
due to better managerial skills, knowledge in risk
management, and occasionally less expensive resources. Technical inefficiency of the mixed banks
in our study is 31%, whereas their scale inefficiency is 13.5%. The results of the DEA analysis have
also revealed the lowest level of efficiency in these
banks in terms of cost management, with 55% of
saving potential.

& Udell (2000). The confirmation of this hypothesis is given in more details in the study of Miklaszewska E, Katarzyna M., (2009) for Poland. In
addition, some other studies have found that the
domestic banks are more efficient than the foreign
ones, as is illustrated in the study of Haad F. S. and
Saad N., (2010) for Islamic banks in Malaysia,
where they found that the domestic owned banks
are more efficient than those in foreign ownership.
Based on the results of DEA analysis, we can
conclude that in the analyzed sample of banks in
B&H there is a significant potential for increasing efficiency, cost reduction and rationalization
of bank operations. However, the study eventually
raises a question: where are the specific points for
building up such savings? We regard the very possibility to offer the answer to this question as the
most valuable feature of the DEA analysis. Bearing in mind that this analysis is input-oriented,
Annex 3 provides a table with an overview of the
optimal amounts of inputs that each bank should
have, and the amount of possible increase or decrease in each of inputs that would lead to maximizing efficiency of each bank. However, the objective of this Paper is not to give an answer to
the question of how each individual bank should
manage their own resources, but rather to identify
the level of efficiency of banks in B&H in 2009,
as well as to indicate the sources of their efficiency
or inefficiency.
6. Conclusion

Figure 2. Graphical presentation of average levels of efficiency by the groups of banks depending
on the structure of ownership in 2009
Figure 2 shows that efficiency of the domestic
banks have even lower level of cost efficiency than
the mixed banks, with the possibility of saving as
much as 58%. Regarding the scale efficiency of
the domestic banks, it is on the same level as efficiency of the banks with mixed ownership. However, the domestic banks have the highest overall
technical efficiency, thus being somewhat about
0,93. Accordingly, we can conclude and confirm
presence of the “home field advantage hypothesis“
in B&H, introduced by Berger, DeYoung, Genay
Volume 6 / Number 1 / 2011

Based on the previous analysis of bank efficiency in B&H using the DEA methodology on a
sample of 19 banks in Federation B&H in 2009, it
is possible to conclude that the analyzed banks are
averagely inefficient as suggested by all obtained
efficiency indicators. This analysis also shows a
huge asymmetry in results for the individual banks,
so the most inefficient banks, according to some
indicators of efficiency, are on the very low levels
of efficiency. The analysis further confirmed that
the larger banks in B&H are more efficient than
the smaller ones. The very important information
in this analysis has provided that due to the high
concentration in Federation B&H banking sector,
weighted averages of the efficiency by the market
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share in assets for whole banking sector are at the
very high levels of efficiency. Regarding the ownership structure, the results of the DEA analysis
confirmed that the foreign banks are the most efficient ones in cost management, whereas the banks
with mixed ownership and the domestic banks
are much less efficient, and their efficiency being
even below 0.5. In addition, the foreign banks are
the most scale-efficient ones. The domestic banks
are most efficient in terms of OTE, or significantly
more efficient than the foreign banks. This indicator suggests possible confirmation of the “home
field advantage” hypotheses formulated by Berger, DeYoung, Genay & Udell (2000).
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Annex 1.
Table 6. Banks covered by the analysis
Bank
BBI bank
BOR bank
FIMA bank
Hipo-Alpe-Adria bank
Intesa San Paolo bank
IK bank Zenica
KIB bank VK
NLB -Tuzlanska bank
Postbank BH
Privredna banka dd Sarajevo
ProCredit bank
Raiffeisen bank dd
Razvojna banka FB&H
Sparkasse
Turkish Ziraat Bank Bosnia
UniCredit Bank
Union bank dd Sarajevo
Vakufska banka dd Sarajevo
Volksbank BH
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Dominated
ownership
Foreign
Domestic - state
Mixed
Foreign
Foreign
Mixed
Domestic
Foreign
Foreign
Mixed
Foreign
Foreign
Domestic - state
Foreign
Foreign
Foreign
Domestic - state
Mixed
Foreign

Assets size  in EUR
Up to quarter of billion
Up to quarter of billion
Up to quarter of billion
Above half billion
Above half billion
Up to quarter of billion
Up to quarter of billion
Up to half billion
Up to quarter of billion
Up to quarter of billion
Up to quarter of billion
Above half billion
Up to quarter of billion
Up to half billion
Up to quarter of billion
Above half billion
Up to quarter of billion
Up to quarter of billion
Up to half billion

Market share in
assets %
1,6
0,8
0,8
14,6
7,6
1,1
0,4
5,5
0,4
1,0
2,2
27,4
1,5
4,3
1,0
22,5
1,0
1,3
5,2
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Annex 2.
Table 7. The results of efficiency of individually banks using DEA model
BANK
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

PTE
1,000
1,000
1,000
0,979
0,809
1,000
0,994
0,571
0,666
0,707
0,571
0,551
1,000
0,422
0,844
0,486
0,704
0,548
1,000

OTE
1,000
1,000
1,000
1,000
0,831
1,000
1,000
0,683
0,669
0,756
0,619
1,000
1,000
0,718
0,873
1,000
0,710
0,553
1,000

SE
1,000
1,000
1,000
0,979
0,974
1,000
0,994
0,837
0,996
0,936
0,922
0,551
1,000
0,587
0,966
0,486
0,991
0,991
1,000

CE
1,000
1,000
1,000
0,982
0,579
1,000
0,737
0,464
0,601
0,548
0,551
1,000
0,170
0,405
0,680
0,390
0,245
0,165
0,870

AE
1,000
1,000
1,000
0,982
0,697
1,000
0,737
0,680
0,898
0,724
0,890
1,000
0,170
0,563
0,779
0,390
0,345
0,299
0,870

RETURN

drs
drs
drs
irs
irs
irs
irs
irs
irs
drs
irs
drs
drs

Annex 3.
Table 8. Quantities of inputs that will lead to the minimization of costs for individual banks (EUR)
Actual amount of inputs
Bank
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Input 1
1392645,6
1342714,9
962169,0
489594,2
371937,7
334644,1
306581,9
109841,9
132733,4
83517,0
92585,2
24297,1
48220,4
44243,6
121855,2
30898,4
95948,5
88961,2
100950,0

Input 2
73185,8
47422,3
33534,1
12095,1
6894,3
5337,4
4973,8
2426,1
2722,6
2085,0
2202,6
1318,1
1628,0
1576,3
2581,5
1403,5
2246,1
2155,6
2311,0

Optimal amount of inputs

Input 3 Input 1 Input 2
1.669 1392645,6 73185,8
1.389 1342714,9 47422,3
600
962169,0 33534,1
440
395441,3 12314,5
373
337461,8 11908,0
334
334644,1 5337,4
314
223688,2 6753,1
172
122799,5 4532,1
189
96787,6
5225,4
154
37255,8
2656,2
160
68635,8
4000,3
111
60196,4
3796,9
128
57870,6 13027,7
125
42140,7
3808,1
181
49347,3
9154,7
116
47337,4
3897,1
162
14067,2
9599,0
157
24297,1
1318,1
166
15271,3
3603,6

Input 3
1.669
1.389
600
514
473
334
426
662
185
122
212
174
195
152
175
133
51
111
68

Surplus/Shortage
Input 1 Input 2
0,0
0,0
0,0
0,0
0,0
0,0
94152,9 -219,3
34475,9 -5013,7
0,0
0,0
82893,7 -1779,3
-12957,7 -2106,0
35945,9 -2502,8
46261,2 -571,1
23949,4 -1797,7
-35899,3 -2478,7
-9650,1 -11399,8
2102,9 -2231,8
72507,8 -6573,2
-16439,1 -2493,6
81881,3 -7352,9
64664,1
837,5
85678,7 -1292,5

Input 3
0
0
0
-74
-100
0
-112
-490
4
32
-52
-63
-67
-27
6
-17
111
46
98
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Abstract
The current market is characterised by complexity, turbulence and growing uncertainty
caused by frequent change and innovation within
all fields of business. Therefore, it is imperative
we direct our attention to ever expanding business
globalization which is becoming an inevitable and
key business strategy in terms of multicontinental
market dominance. We need also look back at the
open and burning issue of business globalization
in Serbia. Bearing in mind the variety of negative
effects ‘’imposed’’ globalization models have on
national economy, a need occurs for creating a different strategy of integration into global trends,
which would capitalize existing advantages on
various grounds, and raise domestic economy
competitiveness. Consistent implementation of
chosen strategies with which domestic brands are
created and promoted is the way to achieve economy competitiveness.
Key words: globalization, business, market,
brand, strategy, consumer.
Introduction
Contemporary business is characterised by
volatile nature of the market, or, to be more precise “free market”, where common boundaries between trades collapse and disappear. Business globalization has long ago taken its toll and affirmed
the need for international business operation expansion. Numerous trades are being globalized
under the influence of foreign competition. Global
companies create consumer appetite, global culture, values and brands. Global culture is created
via communication – newspaper, magazines, radio, television, movies, music, the Internet, online
Volume 6 / Number 1 / 2011

social groups etc. Thus, Western companies win
over consumers world wide. And this is how consumers all over the world, (especially young, rich
and urban), adopt popular western products and
lifestyle. Coca Cola, McDonald`s, Adidas, Benetton, Nestle and a huge variety of other brands
are available to consumers everywhere, including
here in Serbia.
This eclipse of traditional market categories
is largely caused by digital economy expansion,
which causes technology to enter previously unrelated trades. Market boundary weakening is likely
to lead to an increase in company competitiveness. This, in essence, adds up to domestic companies not being able to avoid the impact of global
competition.
Lead by international companies, every market participant strives at earning consumer’s trust.
Naturally, salesmen traditionally target consumers
in terms of their income capacity, thus leaving other
dimensions of consumer value intact. Salesmen oriented companies propagate ‘’consumer focus’’ and
‘’consumer orientation’’. However, according to
many experts, consumer orientation actually reflects
salesmen orientation. Companies that are salesmen
oriented aim at ‘’understanding’’ consumers so as
to achieve their goals in terms of manufacturing
products for which there is demand on the market,
selling them, and making profit. On the other hand,
consumer oriented companies view salesmen as a
means for achieving consumer oriented goals.
Within the constantly changing global economy,
new markets in demand of adequate strategic solutions are born. According to many experts’ opinion,
the key future markets are China, India, Brazil and
Russia. Western marketing strategies personalized
in ‘’general relativity’’ will not be reliable in future markets. They will have to adjust to individual
economies in different ways than before.
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1. Assumptions and burning issues of
business globalization in Serbia
Technological progress has facilitated various
market business operations. It also made foreign
goods and services available to consumers. Theoretically, business internationalisation pushed by
global companies is implemented by initial foreign
market penetration, foreign market operation establishment and proliferation, and, ultimately, internalisation via global rationalisation which affects the
nature of strategic situation, business focus and effect. What we have stated so far leads to conclusion
that approach to strategy forming and implementation must be adjusted in terms of goals, market
specifics and company capacity. However, reality
has never been as clearly defined as theory.
Hence for few relatively successful Serbian
companies that remained on the national market
in spite of ‘’imposed Western models’’ and omniscient domestic company competition, it is relevant that they recognize critical success factors,
with as little deviation possible, and create propulsive developmental strategy. This should result in
establishing active support for macro-economical
state policy and other ‘’soft’’ infrastructures.
No less important question when it comes to
integration of domestic companies in global business affairs is the question of the starting point,
or the quality of economy condition. When it
comes to conditions under which our economy
subjects operate, they are extremely unfavourable. All Eastern European countries, including
our own, that have been undergoing the process
of transition from the early nineties to this day, are
a pioneering test-ground for manufactured Western economy models. These models are imported
and imposed so as to modernize entire societies
that are not ready for such change either economically, or culturally. Furthermore, to follow
the train of irony, the Western Balkans area, or at
lest it’s significant part, represents a paradigm of
colonial aftermath and postcolonial symptoms,
where Western modernization ideologies had developed into globalization, thus paving the way
for new means of exploitation through various
forms of so called ‘’cooperation’’. Large international companies have taken over almost all productive companies in Serbia, thus taking control
160

over the market. Through decrease in production
by moving or closing manufacturing plants, hundreds of thousands of workers have been laid off.
Consequently, when manufacturers, who are also
consumers, lose their jobs, consumers lose their
income, and the market loses its consumers. End
result is reflected in customer dissatisfaction (high
prices, low purchase ability, inefficient market of
goods and services etc.). Simultaneously, with
no increase in domestic production, no growth in
productivity, and no development in marketing
strategies based on knowledge and innovation in
company sector there is no progress and increase
in competitiveness.[1] With that respect, free market and market economy are often synonymous
of poorly legally regulated market, or a market
where the institutions cannot (or are not obliged
to) guarantee legislative implementation.
The predominant Serbian business model has
incorporated every deficiency in contemporary culture, manifested in general relativism, identification
of production with trade, the crushing of small (but
vital) phenomena and unified offer of large corporations and franchises that are growingly present in
our market. This process of general relativisation
expressed in colloquial speech: ‘’everything goes’’,
is not viable due to the lack of standard. To make
matters worse, standardisation is becoming prerequisite not only for export and import (international marketing), but also for market survival – it
is imperative we define where leadership ends and
monopoly begins; where competitiveness ends and
disloyalty begins; where partnership ends, and conditioning (blackmail) begins.
Along the lines of this elaboration, it is worth
mentioning that M. Porter issued a warning, affirming the thesis that there is no success on global
(international) market if previously high enough
standards and conditions for domestic market
business had not been set. Within his thesis he lists
four different relevant factor groups: production
factors; demand conditions; related branches and
support branches; strategy, structure and rivalry
within a certain country, or branch, the constellation and interaction of which forms competitive
advantages of states (companies).[2] The interaction of above listed factors together with the role
of the domestic state as a catalyzing agent to propulsive economy should result in creating motiVolume 6 / Number 1 / 2011
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vation and strength for internationalisation of domestic businesses, or at least in raising their level
of competence for successful participation in certain specific segments of foreign companies’ businesses on national market.
However, production factors that are the basis of competitiveness are, intentionally or not,
neglected, working class being the first in line,
and the highest stratus of working class (highly
specialised personnel) is continually leaving the
country in search for better working condition;
underdeveloped infrastructure, traffic and financial market only hinder the expected process of
internationalisation of Serbian companies. The demand conditions are ad hoc in character and reflect
the structure of consumer need, whereas the state
of related and support branches reflects the trades
providing (ir)relevant input. Finally, the state and
development of management system, which in our
economy has no competitive value, are of importance for the improvement of the starting point in
business internationalisation. Management system development in our country manifests itself
via low-quality strategic planning, low-quality organisational structures, underdeveloped business
culture and lack of productive rivalry within a specific branch to which a certain company belongs.
The World economy more and more rests on
rapid market change, complex strategic situation, fierce and unpredictable competition as well
as change in the mental map of management and
consumers. Quality of education increases, information is more easily accessible via the Internet,
consumers are more easily connected, all of which
affects the power-shift on the market. Global marketing faces greater and more complex challenges
that demad timely and subtle strategic reactions.
Marketing should take on a leading role in value
determination, product/market choice to be invested in, development of means and competence, especially those with regard to branding and shielding the organisation from its competition. The goal
is to develop a marketing strategy with which to
capitalize advantages on various grounds. These
strategies, where and if possible (regarding Serbian companies – international companies have
long ago adopted this practice), should be created:
advantages based on range, synergy and external
flexibility. All things considered, great strategies
Volume 6 / Number 1 / 2011

comprise unique configurations of various enhanced activities that defy facile plagiarism. [3]
One of, for us, perhaps the most important
strategic questions is certainly the one of timing.
In other words, timing is the expected speed of
global companies’ investments (disbursement of
funds) in our market, personnel employment and
consumer establishment, as well as preconditioning of international factors on which depends the
eventual business internationalisation of certain
domestic companies.
The fact of the matter is that most multinational corporations (MNC) expand onto international markets only after domestic capacities had
reached their maximum productivity level and superseded domestic demand for a certain product or
service. Te aim is to satisfy demand for goods or
services consumers find unique and indispensable.
Global merchandisers conduct the assessment of
the potential most perspective consumer profile on
the basis of several assessment criteria, thus forming a so called global model. Global companies
find it easier to win over and retain consumers by
constantly overriding their expectations in new
and imaginative ways. [4] This makes it harder for
competitive companies to win over new consumers, so most of them focus on making as high sales
as possible to existing consumer population.
Marketing, being a science of consumer satisfaction and central developmental discipline
of market participants, and, consequently, the
initiative and regulatory factor of market trends
and relations, has come down to a few sequences
garnished by superior definition given by those
who implement them. It should be emphasized
that information on MNCs’ penetration of different markets and patterns of consumer conduct are
very helpful to the salesman oriented companies
in terms of maximizing sales value. Naturally,
there must be a losing party in this global ‘’systematically organised chaos’’. One fine example
would be the Serbian economy, whose market has
been flooded by imported goods in every segment
possible, including the agricultural sector, which,
although having comparative advantage, remains
an unexploited capacity due to numerous systematic and other shortcomings. With this respect, the
new Transition report composed by the EBRD reflects current market state of affairs[5], pointing
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out Serbia’s unfavourable position when it comes
to the transition indicator: „Competition Policy“
(in which in nine out of ten analysed transition
indicators the antimonopoly policy efficiency has
the lowest index).
It is therefore clear that business globalization
is becoming the multicontinental consumer takeover business strategy. Some corporations with
internationalised businesses expect market expansion via large scale marketing programmes. While
creating international business operation strategy
they adapt and attempt at influencing social and
political situation in market countries. Globalization propagators tend to say: ‘’Let’s globalize first,
and permit ourselves the luxury of antiglobalization later’’. With the invasion of such western
modernisation we now know how to recognise
and rightfully name globalization, ready-made
western models have been imported to Serbia
with the purpose of modernising it in itself. On top
of everything that we have been importing, new
merchandise is imported still, whereas we have
exported very little.
There has come to a drastic change in economy
structure, resulting in service dominance as opposed to production. Other colloquial changes occurred as well: profit is no longer profit, it is gain.
Perhaps this explanation is acceptable because the
word profit has a nice ring to it, but nevertheless,
it reminds of cruel capitalism. If profit is gain, than
profitability is ‘’gain ability’’. Gain, naturally, gets
equalised with disparity in prices, which is not in
itself true, but is very real. It certainly takes neither
great skill nor ability to acquire price disparity by
companies’ withholding or delaying payments to
their suppliers, their workers or the state. And, of
course, the money in question will, in turn, come
out of consumers’’ pockets.
2. Global business trends
And so with the permeation of western modernisation (globalization), the most powerful
corporations are introducing into the market and
their on trading networks unified offers, otherwise
called PL (Private Labels). Those are the products
sold exclusively within a single trading franchise,
manufactured by either domestic or foreign manu162

facturers. They carry their own logo, and are lower
in price for up to 30 per cent. Here we have no
advertising or distribution costs, no passing hands
and no expensive packing. A debate presents itself
with regard to above mentioned company or franchise logos. They beg the question of possibly per
se being a form of advertisement.
With increase in competition, small company
owners as well as owners of large trading chains,
understand the strength behind the Private Label
branding as a part of a crafty business strategy.
Some of the domestic merchants are inclined to
implementing this very strategy. One’s own brand
is actually an appealing marketing instrument, and
a successful sales model with which to conquer
new markets. A company’s private brand sets itself apart from the competition and allows for
work on assuring consumer loyalty. Owning one’s
own product as a distinct brand enables its owner
to compete in other aspects besides the price, such
as, for instance, quality.
As private brands have become cheap surrogate for more expensive Name brands (brands
produced by well known companies) that also
have an additional in time constructed value, these
private brands are in essence retail, or generic
brands. Low standard makes it hard for merchants
to rely on famous brands to increase retail or online sales. An additional perk is the product awareness. Every time a consumer opens a PL product,
his consciousness receives information about the
origin of that product. PL investment ensures own
product market visibility with no further need for
other kinds of advertising, thus representing an
extremely cheap form of advertisement. Besides,
private brands differ very little from national ones
in terms of ingredients.
It is obvious that the PL strategy is the right
solution for merchandisers in an economical crisis. In order to differentiate themselves from the
competition, increase consumer loyalty and profitability and gain dominance over new markets,
salesmen launch their own brands. PL products are
manufactured by several manufacturing groups
that use their expertise and excessive capacities
so as to put their private brands into production.
This popular, growing trend is likely to result in
manufacturer resourcefulness: creating conglomerates and enclosed structures and systems of
Volume 6 / Number 1 / 2011
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trade (distribution without mediators, maximum
control over sales channels, again with no mediators, own retail facilities with heterogeneous offer,
etc.) Another safe assumption could be made, that
trading chains will develop even more in the PL
sector, thus conditioning manufacturers on many
grounds, such as their place on a shelf, rotation
speed, payment conditions, etc., which would, in
turn, result in price rationalization.
Anything is possible! According to B. Bernbah: When creating a product, you need to acquaint yourself with it thoroughly, and then pass it
onto your consumers! What consumers get out of
PL is, to salesmen’ mind, a lower price. It is however impossible to have insight into salesman’s
affairs, since he is also the brand owner and the
supplier. Simply put, product price is determined
by the consumer and the competition. However, in
these simplified relations, both manufacturer and
salesman fight to win over the same consumer,
with the difference being that the manufacturer,
who is already facing both domestic and foreign
competition, has also to tackle the salesman with
his generic low–price brand. This state of affairs
begs the question of competitive ethics.
Back to the market and the consumer, which
are the focusing points of business globalization.
Global players use brand which represents an additional value in order to conquer target markets
more rapidly, and pertain to the brand exclusively
and constantly staying in consumer’s consciousness. Brands are, more than ever, in need of additional energy. [6] Surely, the point lies not in
physical properties of a product, nor in the location of purchase, but in the emotional experience
and the awareness of what is that which truly matters to the consumer. However, the predicted development of PL strategy could make marketing
a redundant discipline. Why the development, the
planning strategy, the agencies, the media-houses,
the advertising? Why add up all those elements in
creating a price for our product? Bearing this in
mind, how and by which criteria are we to quantify management aptitude and company productivity, and increase its capital value?
The answer lies in a responsible and serious
approach to raising brand quality, that is set on attracting and retaining consumers and meet their
expectations. This is, at the same time, the reaVolume 6 / Number 1 / 2011

son why specific relationship between consumer
and brand develops. The longer this relationship
lasts, the more valuable it is for the company. With
the purpose of preservation and further development of this relationship, a conscious effort must
be made for the product and service to transcend
the aspects of practicality and transaction.[7] In
that respect, any possible doubt as to the uniformity of quality of well known brands imported
to our domestic market, as opposed to the quality
of those same brands sold on the western market.
Paradoxically, many foreign companies, (trading
franchises and banks), successfully conduct their
businesses in Serbia, while the state makes no
profit out of them.
The idea of domestic brands promotion is a
good one, but the manner in which it is being seen
through is not very efficient. Professor M. Kovacevic warned us that Serbia had introduced the
so called scorched land concept, with its customs
policy and overvalued dinar, resulting in foreign
goods being cheaper than domestic. Serbia thus
killed its own agriculture and construction. It is
clear that state institutions should create favourable conditions for manufacturers to place and
promote their own brands on the market. We also
face the dilemma of defining the concept of domestic product. According to the state, a product
manufactured in the country in which the company is founded, regardless of the organisational
concept of this company, is domestic product if
the cost of imported raw material used in production of said product does not exceed 50 per cent of
its production cost. When the trading margins and
taxes are added to production cost, it seems that a
greater part of the retail price stays in Serbia. Even
if this was true, and it is not, a question presents
itself – how big a part, and who gets to keep it?
Furthermore, in addition to production costs and
retail price, there are also wholesale prices, recommended prices (for example PL), invoice prices, prices that include transport or insurance, etc.
Western legislation recognizes no such thing as
an unfair price, or an excessive price, and western
prices are closely connected to monopoly. The former is so low a price it damages the competition,
and the latter excessively high prices are used so
as to create monopoly profit, or in other words,
rent! Consequently, we should ask how high is
163
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the trading margin within the price structure for
a brand of another manufacturer, and how high is
it for a private brand? Mere comparison between
manufacturer brands and private brands (that are
questionably brands at all) is disputable. However, if private brands were to have a trading chain
logo, one shouldn’t argue against it. From a consumer point of view, we strive not to be misled or
confused. Only, this is a question of ethics. It is
always the positive experience that makes a loyal
consumer. The consumer alone can decide on the
individual brand, but brand are created to last in
the long run.
Conclusion
The influence of global competition is present in
every segment of economy and social life. And we
have very limited choice. By standing still we rapidly regress in the business environment that constantly moves forward. Therefore, Serbian companies/
economy should adapt to business internationalisation and conducting business on various markets
and with different partners. We need to capacitate so
that we could successfully handle the fierce competition ad recognise as efficiently as possible the critical success factors, while creating propulsive developmental strategies together with the active support
of state macro-economical policy.
The success of Serbian economy lies in knowledge and innovation, in living up to consumer expectation on various markets – with products of the
same quality as that of international brands. However, this is something that cannot be achieved
overnight, or without the help of foreign capital.
And capital is a scary animal. The hunt for such
animal usually ends in its escape. What is competition and how do we protect ourselves from it?
The key is in finding balance within this global
constellation of power ratios: protecting economy
(national) interests, attracting foreign investment,
internationalising business operations and increasing competition.

164

References
1. Miletić, S., (2009), Aspekti tržišne konkurentnosti
preduzeća, Ekonomika, Niš, pp. 82,
2. Porter, M., (2008), O konkurenciji, FEFA, Beograd, pp. 171.
3. Kotler, P., (2007), Kako kreirati, ovladati i dominirati tržištem, Ase books, Novi Sad, pp. 19.
4. Porter, M. and K. Schwab, (2008), The Global
Competitiveness Report 2008-2009, Word Economic Forum, p. 44.
5. Transition Report 2009: Growth in Transition,
EBRD.
6. Aaker, A. D., (2010), Marketing Challenges in the
Next Decade, Brand management, Vol. 17,5, pp.
315-316
7. Aaker, A. D., Kumar, V. and G. S. Day, (2008),
Marketinško istraživanje, Copyrgiht ©
8. Ekonomski fakultet Beograd, pp. 684, ISBN 97886-403-0865-6
Corresponding author
Slavomir Miletic,
Faculty of Economics,
University of Pristina,
Serbia,
E-mail: mil.slavko@gmail.com

Volume 6 / Number 1 / 2011

technics technologies education management

Reasons for law on collective
management of copyright
and related rights enactment
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Abstract
Having signed Stabilization and Association
Agreement with European Community (further in
text: EC) in 2008, Bosnia and Herzegovina committed itself, on its path to full membership to European Community, to adopt acquis communautaire. In september 2008 within the EuropeAid
Programme financed by European Community,
Bosnia and Herzegovina accepted full responsibility to improve collective management of copyright and related rights at the legislative level in
order to achieve full accordance of domestic law
with European Community legal system as well as
with valid international conventions and treaties in
that field (Berne Convention, Rome Convention,
Brussels Convention, TRIPS Agreement and treaties WCT and WIPT). At the same time, responsibility of providing higher nomotechnical level of a
new law as well as its comparable nature with similar contemporary regulations of other members
of European Community was added to the main
task. In applicable Law on Copyright and Related
Rights in Bosnia and Herzegovina (ZAPSP/2002)
collective management of copyright and related
rights has been treated in a very unsatisfying way.
That crucial issue is treated by ten articles only, if
we take into consideration all articles in chapters
of Law which, at least, treat realization of rights
by title. However, by such narrow regulation a lot
of questions have become opened, therefore, one
of intention of enacting this law is overcoming
lack of law in that field.
Key words: copyright and related rights, organization, collective management, law, protection,
intellectual property.
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Sažetak
Potpisivanjem Ugovora o stabilizaciji i
pridruživanju sa Evropskom zajednicom (u daljnjem tekstu : EZ) 2008. godine i nastojanjem Bosne
i Hercegovine da započne sve postupke na putu
prema punopravnom članstvu u EZ prihvatanje tzv.
acquis communautaire postala je obaveza. Tako je u
septembru 2008, u okviru programa EuropeAid koji
finansira EZ, preuzeta obaveza da se zakonodavno
uredi i oblast o kolektivnom ostvarivanju autorskih
i srodnih prava, čiji je glavni cilj bio postizanje potpune usklađenosti tog propisa Bosne i Hercegovine sa pravnim poretkom EZ a, istovremeno, i sa
važećim međunarodnim konvencijama i ugovorima
sa tog područja (Bernska, Rimska i Briselska konvencija, Sporazum TRIPS i ugovori WCT i WPPT).
Uz taj glavni zadatak, nastojalo se, istovremeno, da
novi zakon bude i nomotehnički na što višem nivou
i da bude što više uporediv sa istovrsnim modernim
propisima drugih država članica EZ.
U važećem Zakonu o autorskom pravu i
srodnim pravima u Bosni i Hercegovini (ZAPSP/2002. materija kolektivnog ostvarivanja autorskog i srodnih prava bila je uređena na naročito
nezadovoljavajući način. O tom važnom pitanju
Zakon sadrži svega deset članova, ako u to ubrojimo sve članove u poglavljima Zakona koja, barem
po nazivu, uređuju ostvarivanje prava. Naravno
da je takvim oskudnim reguliranjem jedan veliki
dio pitanja kolektivnog ostvarivanja prava ostao
otvoren, pa je, tako, jedna od namjera donošenja
ovog zakona i popunjavanja zakonodavnih praznina na tom području.
Ključne riječi: autorska i srodna prava, organizacija, kolektivno ostvarivanje, zakon, zaštita,
intelektualno vlasništvo,
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General references
Copyright and Related rights have the character
of private rights. It means that its direct function is
to protect specific individual interests of right holders. Hence, right holders may but not necessarily to
enjoy those rights. Right holder has the freedom to,
within legislative frame, determine the manner and
the time for fulfilment of those authorisations. It is
a rule that private property is implemented by individuals, namely each right holder implements his
right for himself. He may do it by himself or by his
legal representative. Representing may be based on
contract or on law. However, there are subjective
rights which can be implemented in a more efficient
way if their subjects join together through legal entities specialized in such activity only. Problems of
individual management of copyright and related
rights can be overcome by help of collective management of copyright and related rights’ organizations (further in text: organization). Organization
represents a specific legal entity of joint activities of
authors and holders of related rights. Organization
shall carry out the activity involving the collective
management of copyright in their name and for the
account of authors.
Reasons for Law Enactment
In April 2002 Bosnia and Herzegovina enacted
Law on Copyright and Related Rights in Bosnia and
Herzegovina (further: ZAPSP/2002) by which enactment former Yugoslavia Law on Copyright from
1978 with its amendments from 1986 and 1990 was
put out force. For domestic legislation this was a
first step to improve and modernize its law system
in the field of intellectual property going along with
development of new technology and manners of
use in last ten years as well as for improvement of
nomotechnics. This goal was partially achieved by
enactment of ZAPSP/2002; its amendments brought
just a few corrections and changes but not enough for
further improvement and harmonisation with european legal system. Having signed Stabilization and
Association Agreement with European Community
in 2008, Bosnia and Herzegovina committed itself,
on its path to full membership to European Community, to adopt acquis communautaire. In september
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2008 within the EuropeAid Programme financed by
European Community, Bosnia and Herzegovina accepted full responsibility to improve collective management of copyright and related rights at the legislative level in order to achieve full accordance of domestic law with European Community legal system
as well as with valid international conventions and
treaties in that field (Berne Convention, Rome Convention, Brussels Convention, TRIPS Agreement
and treaties WCT and WIPT). At the same time, responsibility of providing higher nomotechnical level
of a new law as well as its comparable nature with
similar contemporary regulations of other members
of European Community was added to the main task.
In applicable Law on Copyright and Related Rights
in Bosnia and Herzegovina (ZAPSP/2002) collective management of copyright and related rights has
been treated in a very unsatisfying way. That crucial
question has been treated only by ten articles, if we
take into consideration all articles in chapters of Law
which, at least, treat realization of rights by title. One
of the most problematic nomotechnical part of Law
is related to Chapter XIII ZAPSP/2002 (Rights of
Performing Artists) taking into consideration that
articles from 105 to 108 are not under section 1 as
they supposed to be and valid section 1 and 2 are not
related to rights of performing artists but to phonogram producers and organizations for radio fusion.
However, by such narrow regulation a lot of question
have become opened so far and from that reason one
of intention of enacting this law is overcoming lack
of law in that field. While preparing Draft Law a decison to take collective management of rights outside
of Law was brought as it had already been done in
some modern european legislations (Germany, Austria) and to be treated by a special law. There are a lot
of good reasons for such decision. Firstly, it should
emphasize that the scope of collective management
of rights is still outside of international regulations
with exception of some general references. Apart
from eight directives in period from 2008 up to now
directly related to copyright and related rights as well
as certain number of directives related to some issues
of intelectual property, European Community has
not yet adopted a single act at Community level providing harmonisation of collective management of
copyright and related rights. Even though a number
of studies and conversations have been implemented
on this issue, question of its regulation, namely the
Volume 6 / Number 1 / 2011
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need for its regulation still stays open. For the purpose of regulating this issue in a different manner
in comparison with Draft Law preparation, Law on
Copyright and Related Rights should have used practical models from those countries in which collective
management of copyright has longer tradition and
satisfying experience instead of leaning on acquis
communautaire. Secondly, if this issue is treated as a
new law it should provide more complete and better
regulation taking into consideration that applicable
Law on Copyright and Related Rights including its
almost fifty articles is still relatively short act and incorporation of the same number of articles in Draft
Law shall make content of a law dysfunctional. Last
reason for a special treatment is supported by the fact
of far more certain misinterpretations of collective
management of copyright than it is supposed to be in
field of copyright material. Taking into consideration
that in Bosnia and Herzegovina already exist some
organizations which carry out the activity involving
the collective management of rights, it is justified to
expect that regulation of this issue will provide far
more interest, debates and different points of view
in legislative procedure than in case of Draft Law on
Copyright and Related Rights adoption. However, a
special treatment and division into two different laws
is justified an it will not postpone, for possible disagreements concerning (less important) issue of collective management of rights, adoption of copyright
and related rights act. After all, this act should be taken into consideration by state authorities of Bosnia
and Herzegovina in terms of its legitimation in European Community, World Trade Organization and
World Intellectual Property Organization, on its path
to fulfil its obligations in field of protection of intellectual property. However, one should observe that
this Draft Law defines only one segment concerning the way of management of copyright and related
rights (by special collective organizations) and some
other issues of secondary importance while other
basic questions concerning type and scope of rights
are defined in Draft Law on Copyright and Related
Rights.
Conclusion
Law on Collective Management of Copyright
and Related Rights enactment would provide realVolume 6 / Number 1 / 2011

ization of a main task on achievement of its complete harmonisation with European Community
legal system as well as with valid international
conventions such as Berne Convention, Rome
Convention, Brussels Convention, TRIPS Agreement, treaties WCT and WIPT. At the same time,
responsibility of providing higher nomotechnical
level of a new law as well as its comparable spirit
with similar contemporary regulations of other
European Community members have been added
to the main task.
List of abbreviations:
- ZKOASP - Zakon o kolektivnom ostvari-vanju
autorskog i srodnih prava/Law on Collective
Management of Copyright and Related Rights
- Prijedlog ZASP – Prijedlog Zakona o autorskom
i srodnim pravima/Draft Law on Copyright and
Related Rights
- ZAPSP/2002 – Zakon o autorskom pravu i srodnim
pravima u Bosni i Hercegovini (“Službeni glasnik
BiH” br. 7/02 i 76/06)/Law on Copyright and Related
Rights in Bosnia and Herzegovina („Official Gazzete“,
No. 7/02 and 76/06)
- Institut –Institut za intelektualno vlasništvo Bosne
i Hercegovine, Mostar/Institute for Intellectual
Property of Bosnia and Herzegovina, Mostar
- Vijeće – Vijeće za autorsko pravo/Copyright
Council
- Direktiva o davanju u zakup i na poslugu Direktiva Vijeća broj 92/100/EEZ o pravu davanja u
zakup i na poslugu i o određenim pravima u vezi sa
autorskim pravom u oblasti intelektualnog vlasništva
od 19. novembra 1992./Council Directive No. 92/100/
EEC on rental right and lending right and on certain
right related to copyright in the field of intellectual
property
- Direktiva o satelitskoj radiofuziji i kablovskom
reemitiranju – Direktiva Vijeća broj 93/83/EEZ o
koordinaciji određenih pravila autorskog i srodnih
prava koja se primjenjuju na satelitsko emitiranje
i kablovsko reemitiranje od 27. septembra 1993./
Council directive 93/83/EEC of 27 September 1993
on the coordination of certain rules concerning
copyright applicable to satellite broadcasting and
cable retransmission
- Direktiva o informatičkom društvu – Direktiva
broj 2001/29/EZ Evropskog parlamenta o
harmonizaciji određenih aspekata autorskog i
srodnih prava u informatičkom društvu od 22.
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-

-

-

-

-

-

maja 2001./Directive 2001/29/EC of the European
Parliament and of the Council of 22 May 2001 on
the harmonisation of certain aspects of copyright
and related rights in the information society
Direktiva o pravu slijeđanja – Direktiva broj
2001/84/EZ Evropskog parlamenta i Vijeća
o pravu prodaje u korist autora originalnog
primjerka umjetničkog djela od 27. Septembra
2001./Directive No. 2001/84/EC of the European
Parliament and of the Council of 27 September
2001 on the resale right for the benefit of the author
of an original work of art
Rezolucija Evropskog parlamenta- Rezolucija
Evropskog parlamenta o okviru Zajednice za
društva za kolektivno upravljanje na području
autorskog i srodnih prava (2002/2274(INI)/
Reference INI 2002/2274 Authors’ rights, related
rights: community framework for collecting
societies
ZUZ – Zakon o udruženjima i zadužbinama Bosne
i Hercegovine (“Službeni glasnik BiH” br.32/01,
42/03)/ Law on Associations and Foundations of
Bosnia and Herzegovina („Official Gazzete“, No.
32/01, 42/03)
ZPP – Zakon o parničnom postupku (“Službeni
glasnik BiH ” broj 36/04)/Law on Civil Procedure
in front of the Court of Bosnia and Herzegovina,
(„Official Gazzete“, No. 36/04)
ZUP – Zakon o upravnom postupku BiH (“Službeni
glasnik BiH”br. 29/02, 12/04, 88/07 i 93/09) / Law
on Administrative Procedure, („Official Gazzete“,
No. 29/02, 12/04, 88/07 and 93/09)
WIPO – World Intellectual Property Organization
WCT- WIPO Copyright Treaty
WPPT- WIPO Perfomances and Phonograms
Treaty
TRIPS – Agreement on Trade Related Aspects of
Intellectual Property Rights
EEZ – European Economic Community
Bernska konvencija – Bernska konvencija za zaštitu
književnih i umjetničkih djela, 1886, revidirana
posljednji put u Parizu 1997. /Berne Convention for
protection of literary and artistic works
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Abstract
In last few decades sport has become more than
just a game. Today it’s a big business, with lots
of money invested in it. Getting right information
as quickly as possible makes a difference between
winning or losing. Statistics in sport is most valuable to coaches, but also the whole population of
sport lovers. Using modern technology and mass
media like TV and Internet, people are able to follow their teams and players. This paper describes
software consisting of three applications: main
application (BSV) used to collect statistical data
during basketball game in Firebird relational database, Uploader application used to send data to
central web server over FTP and web application
used to show statistical data from following game.
BSV and Uploader applications are programmed
in C++ programming language, while web application is programmed using PHP, HTML and JavaScript. Presented solution is, with small changes, applicable to other sports.
Key words: statistics, sport, basketball, Firebird, relational database, netcasting
1. Introduction
“I don’t believe in keeping statistics. Only statistics that is important is the final result.”
This used to be true, mostly because opponents
also didn’t keep or use statistics. But the times
have changed. Final result is still the most imporVolume 6 / Number 1 / 2011

tant thing, but a way in which such result is obtained is also of great importance.
In the times past, basketball statistics used to be
a luxury, available only to big professional teams.
For the average coach, statistics was a nightmare:
it required a great deal of time and effort, first at
collecting statistical data, then in manual computing various joint statistical parameters. For most
coaches, statistics was simply not worth the effort.
All these changed with computers. New technology relieved coaches from a great deal of
burden and responsibility for statistics, and in
the same time provided them with a lot of information that they could only dreamt about fifteen
years ago. And, this is the best, widespread and
cost-efficient computers and software provides for
general accessibility to this information.
We live in an information world today. Basic
characteristics of information, defining its quality,
are: precision, completeness, comprehensibility
and timeliness. It is better not having information
at all than have incorrect, incomplete, incomprehensive or untimely information.
1.1  Flaws of manual statistics
Having in mind these characteristics of information quality, manual keeping of statistics, using
a pencil and paper, has several flaws. The most
important one is incompleteness, since due to restricted paper area evidence is kept only to most
basic statistics parameters. Moreover, it takes time
169
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to write a data on statistics sheet, and at a precisely
defined place at the sheet, which considerably increases possibility that a statistic keeper omit one
or more actions at the court during that time [1].
A single look at the statistic form used for
manual keeping stats is enough to have insight to
(in)comprehensibility of data noted, especially in
comparison to computer-processed and printed reports, with multitude of computed joint and other
parameters.
Time and effort that must be put into manual
computation of different joint statistic parameters
are huge. Therefore those parameters may not be
available at the time when they are most needed.
Also, a possibility of human error in such calculations is significant, even to point to question their
accuracy.
1.2  Usefulness of statistics
“Get to know the enemy and get to know yourself; in hundred battles you may never be in danger. If you don’t know the enemy but get to know
yourself, your chances to win or lose are equal.
If you know neither enemy nor yourself, you are
undoubtedly being in danger in every battle.”
Sun Tzu Wu, The art of warfare, 450 BC
At the beginning of a season, coaches are mostly interested in using different statistical reports
for analyzing and evaluation of individual players.
Once they have insight into advantages and flaws
of their players, their interest is moving towards
the team as a whole. They want to know how good
a team is. The team statistics therefore becomes
most important. After all, a basketball is still a
team sport. And finally, having in mind that different statistic reports may be used also for analyzing
opponent’s play, during a season coaches’ interest is moved towards their opponents. More often
than not, well analyzed opponents’ play means a
difference between winning and losing [2].
Coaches are not the only ones to use statistics.
On the contrary, whole population of sport fans
and audience is able, using mass production of
technology and media as TV and Internet, to follow efficiency of teams and individual athletes. To
many people, as reporters and commentators, sta170

tistic is an important tool in doing their job, and for
some, as sport managers, it is a vital part of their
profession. After all, during last decades sport became more than a game: it is a large business, with
considerable amounts of money invested [3].
The final result is not the only thing important
any more...
2. Analysis and description of system
2.1 Basic information about basketball
Basketball is a team sport. Actors of a basketball game are the players from a two opposing
teams, their team officials with coaches as well as
officials (commissioner, referees, table officials,
statisticians). Every team may have no more than
12 players per game, and of those 5 are actively
engaged in every moment.
Regular basketball game is divided into 4 quarters of 10 minutes each, and if a result is draw,
after regular time additional time of 5 minutes
is played, as many times as necessary to decide a
winner of a game.
There is no limitations regarding number of
substitutions of players during a game, but there is
limitation regarding personal fouls. If a player gets
fifth personal foul he must leave the court and may
not play any more.
A basket scored gets 2 or 3 points, depending on
a distance from which the ball has been thrown. A
line discerning two cases is drawn on the court [4].
2.2 Standard statistic elements in basketball
Basketball is highly dynamic, and during a
game a number of events may be seen on court.
Since the aim of this paper is consideration of collecting and processing standard statistic elements
in basketball, it is necessary to define those elements. In this purpose a statistic manual of FIBA
(International Basketball Federation) was used
[5]. It lists following elements of game:
1. successful free throw
2. unsuccessful free throw
3. successful 2-point throw
4. unsuccessful 2-point throw
Volume 6 / Number 1 / 2011
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5. successful 3-point throw
6. unsuccessful 3-point throw
7. defensive rebound
8. offensive rebound
9. assist
10. steal
11. turnover
12. foul
13. technical foul
14. block
15. play time
By collecting data regarding those elements, it
is possible to generate most of the standard statistic reports. But, in order to have complete statistics
with additional statistic reports, it is necessary to
add certain elements [6].
Possibilities for adding to certain elements of
game are:
1. For throws, successful or not, for 2 or 3
points, it is possible to add information
from which position on the court a throw
was made.
2. For turnover it is possible to add information
regarding a way that ball was lost (poor
dribbling, poor pass...).
3. For fouls, it is possible to note on which
player the foul was made.
4. For blocks, as well as for fouls, it is possible
to note on which player the block was made.
2.3  Problem of tracking time
Tracking time is a problem that requires special consideration. Is there a reason to keep track
on time, and how precise it must be? The fact is
that basketball periods (quarters and additional
time) are precisely defined but it is not the reason
to keep track of time, since beginning and end of
the period may be defined as separate actions and
to be noted as such.
The main reason for including time is a need to
obtain information how much time certain player spent on court. Without this information, efficiency of a player may not be measured by other
statistic element alone. For instance, by comparing number of points for two players we may conclude that the one with 20 points scored is better
Volume 6 / Number 1 / 2011

player (or at least that he played better at the game
observed) than the one who scored 10 points. But,
if we have additional information that first player
played 40 minutes and the second one only 5, conclusion is completely different [7]. There are other
reasons to introduce keeping time, for instance
need to note in which parts of a period certain actions occurred, or possibility to separately analyze
only certain periods of game, etc [8].
Regarding precision, our opinion is that it is
quite sufficient to express time in minutes. For
this purpose another action must be added: user
may enter scoreboard time after every minute of
the game. In this way, there is possibility to correct time intervals. In case when more precise information on time is needed, it is possible to redefine such action to shorter intervals (for instance
15 seconds).
2.4 Structure of actions
In order to collect statistic data, coding must
be done, i.e. every statistic element must be given
unique numerical code. In other words, user collects statistic data by evidencing relevant events,
entering following data for each: which player
was involved in particular event, which action it
is (a code of statistic element for this event and,
depending on element evidenced, additional data
- throw position, type of turnover etc.). Such set
of data entered for observed event is called action. Therefore an appearance of an action may be
specified.
Action comprises of 4 elements:
A0 – team mark (1 - host, 2 - guest)
A1 – number of player’s shirt
A2 – code of event (statistic element)
A3 – code for addition to event (therefore these
data must be coded)
2.5 Choosing periphery unit for data
collection
There are two standard periphery units that enable user to input data: keyboard and mouse. Both
have strong and weak sides. Strong sides of one
are the weak sides of other, and vice versa.
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Keyboard input demands user to know event
codes, while for mouse input he may not know
codes: it is enough to click on button with event
name. But, if user knows event codes, and especially if he has routine using numerical pad on
keyboard, this way of data input is considerably
quicker than using mouse since there is no time
lost on precise positioning the cursor. Another advantage in this method is that user may pay more
attention to events on court instead constantly
watching monitor while using mouse for input.
Since number of possible events and their
codes is not too large, authors decided to realize
data input using keyboard. It is also possible, if
the need arise, to expand system for mouse input
too. In such case, a user interface for mouse input
is available, while functionality simply amounts to
calling realized functions for keyboard input while
clicking individual keys.
2.6 System description
Aim of this system is partly to generate reports
after game is finished. This may not be directly
after the game is over, but also in a consequent
period. Therefore, one of functions necessary for
the system is a permanent storage of information.
This is accomplished by storing information in a
database. After every input by user, action is saved
into a database. In this way a potential problem
of power shortage during a game is solved or any
other problem of a similar nature.
By analyzing other aims of this system and
having in mind all that is presented in this section,
we will give a short review of functions that a system should have:
1. Collecting statistic data by keyboard input
of actions by user. Input must be quick and
precise.
2. In order to enable input of actions, there
must be possibility to create in advance a
new game, including definition of basic data
about it.
3. Possibility to open existing game from
a database, with potential proceeding of
new actions input or changing basic data
regarding the game.
4. In all these cases, possibility to generate
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5.

6.
7.
8.

(show and print) dynamic statistical reports.
Word “dynamic” means possibility to
generate report at every moment during a
game (both during and after a game).
Possibility to update data about all actors
in a game from database. Updating means
possibility to add new actors, change data
about existing actors and deleting actors.
User friendly system with textual and
graphic forms of help.
System stability and precision in processing
and presenting data is understood, and it is
also desirable that a system is easy to use.
Possibility to send statistical data to central
web server and to show this data to viewers
over the internet.

Therefore, system implemented consists of
three applications: main application (BSV) used
to collect statistical data during basketball game
in Firebird relational database, Uploader application used to send data to central web server over
FTP and web application used to show statistical
data from following game. BSV and Uploader applications are programmed in C++ programming
language, while web application is programmed
using PHP, HTML and JavaScript.
3.  Main application (BSV)
3.1 Conceptual data model
In analyzing the real system, following object
classes were found: game, league, club, coach,
player, position, commissioner, referee, roster and
action.
Object classes from a real system were copied
one-on-one into objects of information system.
Every object class is represented as a table in data
model, and properties of a table represent characteristics of corresponding object class in a real
system [9].
Conceptual data model was realized using
CASE tool PowerDesigner as shown in Fig. 1.
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Fig. 1. Conceptual data model

3.2  Use cases
Use cases [10] for the application may be divided into two basic subsets: 1. Updating of data
in database, and 2. Keeping statistics of a game.
Updating of data in database encompasses cases
of updating leagues, clubs, players, coaches, commissioners, referees and statisticians. Keeping statistics of a game encompass cases of creating new
game and opening existing one, and those comprise of collecting data and generating a report.
The diagram of use cases is shown in Fig. 2.
Volume 6 / Number 1 / 2011

3.3 Database implementation
Using PowerDesigner tool, a translation was
done from conceptual data model into a physical
data model compatible to chosen system for database management (Firebird).
On the basis of physical data model, PowerDesigner generates file “crebas.sql” consisting of
SQL scripts for creating complete database, with
all tables and their interconnections.
Using Firebird console, which together with
Firebird server is a part of Firebird package, as well
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as using SQL scripts generated by PowerDesigner,
a physical database have been designed [11].
Communication between application and database is done using Firebird server. Therefore, Firebird server is a necessary link between application
and database, and it must be installed and running
while system is in use.

Fig. 2. Diagram of use cases
3.4  Functionality and graphic interface
In this section of paper functionality and graphic interface of application are shown on example
of keeping statistics at a basketball game.
Before the game, statistician collects basic data
regarding the game, as well as team rosters. After
obtaining all necessary information he starts the
application. When application is started, a basic
window with a menu is shown.
Option “Game” has items for starting functions:
to create a new game, open existing game, and
leaving application. Items in option “Data” start
functions of updating certain data within database.
Item “Base recovery” replaces currently active database by its backup copy. In case of power
blackout during input actions during a game, if input was being done in that exact moment, Firebird
database will be damaged. This damage makes it
impossible to continue normally even after application is restarted. This problem has been solved
by making a backup copy of database after every
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action input successfully written into a database.
By choosing this menu item, damaged database is
replaced by its intact backup copy.
Item “Settings” shows a form to update different options within application. Items of “Help”
option show user help, as well as basic information about the application.
After application has been started, statistician
may, if a need arises, correct settings of the application. In this way it is possible to set different
parameters of report, environment, report graphic
and security.
Statistician, using an application part for updating database, may check data from it and change
or add new data into database (new league, clubs,
players, coaches, commissioners, referees or statisticians).
After checking and updating database, statistician is ready to create a new game. After starting
this function, a form for input game data is being
shown.
Statistician confirms accuracy of input data by
pressing “Confirm” button, and after that a game
window (game form) is being shown. This window is, in a way, the main frame of the whole
application since statistician spends most of the
game working within it, entering actions and generating reports. Game window is shown in Fig. 3.

Fig. 3. Game window
The game window consists of: menu, tools palette, action input area, result and time area, undo/
redo input area and area showing statistic data for
both team players which are currently on the court.
Under “Game” option there are items for changing game data, defining roster and lineups, as well
Volume 6 / Number 1 / 2011
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as for exit from current game. Items for “Reports”
option start functions for generating (showing
and printing) corresponding reports. Items from
“Help” option show help options, quick review of
actions and positions on the court, as well as possibility to assign certain colors to teams in order
to facilitate management within a game window.
Buttons on tool palette have following functions: changing game data, defining host roster,
defining guest roster, defining host lineup, defining guest lineup, Undo, Redo, adjustments of application, updating database, fast printing of “Basic report” in defined number of copies and changing action review in a list of input actions – from
codes to action names.
After creating a new game and entering all
relevant information, statistician begins to define
roster of both teams, entering shirt numbers for all
players on a list, and defines team coaches.
Immediately before starting the game, statistician is informed about lineups for both teams and
defines those in application.
From this moment on, statistician will follow
events on court and enter appropriate actions in
appropriate fields. All actions entered by statistician are shown in a list of input actions. If statistician makes a mistake when entering action, there
is possibility to correct it. List of input action is an
Undo list at the same time. By clicking the Undo
button, last action entered will be deleted from
the list and removed to Redo list. By clicking the
Redo button, last action from Redo list is removed
to list of input actions. Deleting is also possible by
double-clicking the action and confirming delete.
Statistician has at his disposal a quick help in
form of review of possible actions and court positions.
Most of realized statistic reports is possible to
print in any moment during a game. Nevertheless, printing reports is usually done in following
way. Before the game, after entering data about
the game and the team rosters, report “Game announcement” is printed and distributed to coaches,
media and managers. At the end of every quarter
or additional time, “Basic report” is being printed
for coaches, and in half-time this report is distributed to media and managers, even to players if
required. If a coach during a game demands any
report it will be printed for him. After the end of
Volume 6 / Number 1 / 2011

a game, a report is distributed to all actors, while
coaches get all possible reports from a game. In
this order a form for printing all reports is realized,
so the statistician would not have to open one report at a time in order to print.
The application comprises of 11 different statistic reports, showing assorted statistic parameter
for basketball game. One of them, “Basic Report”
is shown in Fig. 4.

Fig. 4. “Basic Report”
4.  Uploader application
Sending basketball statistics is carried out by
FTP (File Transfer Protocol). This is a protocol for
data transfer between two computers, using TCP/
IP network communication [12]. Communication
is established on demand by client computer towards server computer, i.e. in our case statistic
sending program sends demand to a server where
those data should be placed. Data are sent in form
of htm file and placed in a folder on server one
atop of other (newly sent file will replace pre-existing one). In this way, server always shows a file
with the same name and there is no need to take
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care which version is currently present. When new
data arrive, they will be shown – which is on-line
view of game data.
FTP session consists of transfer session (DTP
- Data Transfer Process) and control session (PI
- Protocol Interpreter). Control session is started
first, and sends demand to establish connection.
When other side accepts demand, identity is
checked out and afterwards two-way communication between computers is being established. Only
then it is possible to send data to FTP server.
When FTP client sends command to FTP server, server sends back a three-digit number which
is an answer code. Codes are determined by FTP
standard and are used for faster and more secure
data exchange [13]. On the basis of the answer obtained from server, we know whether data were
sent successfully and user is informed by a message on user interface.
Sending htm file with game statistic data is
done every 15 seconds and a separate thread of
application is responsible for this communication. After the interval mentioned, a timer creates
thread for sending new data.
In Windows operative systems, every application is treated as a process. Thread is the “basic
building brick” for the process since every process must have at least one thread, but may have
more if needed. The reason for introducing several
threads is a need to execute several tasks within
single process. Simultaneous execution in real
sense is present only in multi-processor computers (core2duo, core2quad ...), where single processor executes certain thread, while other processor
executes other thread. When executing several
threads, processor leaps form one thread to another, and then back to first one and so on. In this
way a simultaneous execution of several threads
is simulated.
Statistic-sending application consists of two
threads. The first thread is a main program thread
that executes application and stays active as long
as the application itself is active. Second thread is
used for sending data on server. This thread is being created every 15 seconds, sends data to server
and automatically dies. Application is separated to
two threads in order to enable interaction with the
program even in a moment when data are being
sent. Otherwise a program would not accept other
176

commands, for instance to stop sending data, until
all data are sent. When two threads are present,
program instantly registers new command and
stops creating new threads. If a thread is already
created, it will be executed and data will be sent.
In order to send data to server, presence of internet connection is necessary. Without a connection, program is not able to send data, and such
instance is treated as exception. Exception is being
caught and processed, but program execution is
not interrupted. Unsent thread is terminated and a
counter of successfully sent data is not increasing.
The next thread, created after 15 seconds, will try
again to send data. If internet connection is established in meanwhile, this thread will send data to
server and terminate afterwards. Thread creating
will go on until we stop application from user interface. Sending data is controlled by a window in
user interface, showing whether application sent
data successfully or not, and if data were sent successfully it shows current result from a moment
data were sent. This is necessary since sending
is being done in real time. Statistician enters data
during a game, and program takes current state
and sends it to server. Statistician’s only obligation is to start certain application if netcasting is
needed, and after that application transfers data by
itself, reporting about currently sent data.
The Uploader application is shown in Fig. 5.

Fig. 5. Uploader application
5. Web application
Htm file sent by Uploader application contains
game statistic data in form of semi-colon delimited plain text. It’s very small in size, about 3 KB
at the start of the game and only about 7 KB at
the end of the game. Web application’s purpose
is to show this statistical data to viewers over the
Volume 6 / Number 1 / 2011
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internet. It is programmed using PHP, HTML and
JavaScript.
PHP Hypertext Preprocessor is a widely used,
general-purpose scripting language that was originally designed for web development to produce
dynamic web pages. For this purpose, PHP code
is embedded into the HTML source document and
interpreted by a web server with a PHP processor
module, which generates the web page document
[14]. PHP primarily acts as a filter, taking input
from a file or stream containing text and/or PHP instructions and outputs another stream of data; most
commonly the output will be HTML. PHP only
parses code within its delimiters. Anything outside
its delimiters is sent directly to the output and is not
processed by PHP (although non-PHP text is still
subject to control structures described within PHP
code). The purpose of delimiters is to separate PHP
code from non-PHP code, including HTML [15].
When user wants to follow netcasting of a certain game, he/she clicks on a link for that specific
game on an internet site designed for netcasting.
That starts Web application as a request for a single
PHP source document, passing the game ID to it.
Web server interpretes PHP code and generates
HTML source document, which is sent to user’s
web browser.
HTML, which stands for HyperText Markup
Language, is the predominant markup language for
web pages. It provides a means to create structured
documents by denoting structural semantics for
text such as headings, paragraphs, lists etc as well
as for links, quotes, and other items. It allows images and objects to be embedded and can be used
to create interactive forms. HTML documents are
composed entirely of HTML elements that, in their
most general form have three components: a pair of
element tags with a “start tag” and “end tag”; some
element attributes given to the element within the
tags; and finally, all the actual, textual and graphical, information content that will be rendered on the
display. An HTML element is everything between
and including the tags. The ID attribute provides
a document-wide unique identifier for an element
and can be used by scripts to alter the contents or
presentation of that element [16].
HTML page sent to user’s web browser consists mostly of INPUT elements as part of several
FORM elements. For every single statistical data
Volume 6 / Number 1 / 2011

there’s one INPUT element that stores and shows
that data on the page. Every INPUT element has a
unique ID attribute, used by JavaScript to update
statistical data stored in that element.
JavaScript is an object-oriented scripting language used to enable programmatic access to objects within both the client application and other
applications [17]. The primary use of JavaScript
is to write functions that are embedded in or included from HTML pages and interact with the
Document Object Model (DOM) of the page. The
DOM is a cross-platform and language-independent convention for representing and interacting
with objects in HTML documents. Aspects of the
DOM (such as its “Elements”) may be addressed
and manipulated within the JavaScript [18].
After the page has loaded in user’s web browser, a call to a JavaScript function for fetching current statistical data from web server is made. It’s
done by loading game’s htm file sent by Uploader
application in an invisible IFRAME element of
HTML page. When the file is loaded it is parsed
by other JavaScript function to extract all statistical data from it, and using DOM all INPUT elements of the page are updated with new data. The
refresh interval for getting newest htm file is set
to 10 seconds. This way, game’s statistical data
shown to the user is refreshed at every interval,
without need for a whole page reload.
The web application is shown in Fig. 6.

Fig. 6. Web application
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6. Conclusion
After testing system implemented on a number
of basketball games, conclusions are as follows:
1. Action input using keyboard is fast and
precise.
2. Generating statistic reports is practically
instant, so coaches may obtain timely
information at every moment during a game.
Data in reports are correct.
3. System is stable, and due to realized
functionality of backup database, it is
resistant to possible unexpected situations
during a game, as power blackouts etc.
4. System is very simple to use. With short
training and trial work at only a few games,
users are fully prepared to use system and to
work on their own.
5. Communication with central web server
is fast over any kind of internet connection
and viewers can follow a game in real-time.
Implemented system fully realized aims set at
the onset, as well as functionality by specifications
in system description.
Implemented system is conceived to be open
for further improvements and expansions.
Some of improvements possible are already
mentioned in a paper, regarding widening set of
statistic elements, corrections of time intervals, realization of interface for mouse data input and generating new statistic reports. Additional improvements could be found in an error-avoiding part in
case of wrong data input by user. System offers
action delete, and further improvements would be
possible regarding changing already entered actions, inserting new ones between already existing
ones and changing sequence of entered actions.
System expansion could be about collecting
statistic data from several games and generating
a general report for all player, clubs, and leagues.
It is also possible to send joint statistic data to internet after the end of a game, so they are available to more people. Availability may be obtained
by connecting to graphic data-showing systems in
TV broadcast stations.
Finally, it must be noted that a whole system,
with certain changes and adjustments, may be applied to other team sports.
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Abstract
This paper considers performances of compound intermediate-Z semiconductors for medical imaging. A model of planar pixel detector has
been developed and a calculation of spatial resolution and contrast for intermediate- Z materials
detectors performed, all that taking into account
fluorescence that degrades image quality. There
is also an illustration of improvements in image
quality that these materials bring, based on comparison between spatial resolution and contrast
achieved by these detectors as opposed to those
made of materials currently in use for medical imaging. Finally, using the Rose model, which gives
signal-to-noise ratio corresponding to a minimum
detectable contrast, a minimum size of the object
to be detected in the conditions of mammographic
imaging with detectors made of GaAs, InP, CdTe
and CsI has been determined.
Key words: pixellated detector, fluorescence,
spatial resolution, X-ray imaging
Sažetak
U ovom radu su razmotrene performanse
složenih poluprovodnika sa srednjim atomskim brojem Z za medicinska snimanja. Razvijen
je model planarnog piksel detektora i izvršen je
proračun prostorne rezolucije i kontrasta za detektore od ovih materijala, uzimajući u obzir fluorescenciju koja kvari kvalitet slike. Takođe je data
ilustracija poboljšanja u kvalitetu slike koja se
dobija pomoću ovih materijala na osnovu uporedbe prostorne rezolucije i kontrasta ovih detektora i detektora od materijala koji se trenutno koriste za dobivanje medicinske slike. Konačno, uz
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pomoć Rose-ovog modela koji daje odnos signala
i šuma koji odgovara minimalnom kontrastu koji
se može detektovati, izvršena je procjena minimalne veličine objekta koji se može detektovati u
uslovima mamografskih snimanja sa detektorima
od GaAs, InP, CdTe i CsI.
Ključne riječi: Piksel detector, fluorescencija,
prostorna rezolucija, dobivanje slike sa X-zracima
1. Introduction
The goal of digital radiography with efficient
measurement of absorption and X-ray scattering
is to provide a high quality image with good spatial and energy resolution while decreasing patient
radiation dose. Semiconductors have proved to be
suitable for construction of planar detectors for
medical imaging. Commercially available semiconductors can be divided into two categories:
elementary and compound semiconductors. Both
categories have pros and cons when used for detection of X-rays and creation of medical image.
The most developed production technology is
for elementary semiconductors Ge and Si [1-2],
but both of them show high resolution only while
cooled. They are suitable for detection of low energy radiation, Ge because of its small gap and Si
because of its high bulk leakage current.
Consequently, compound semiconductors that
have wider gap and high atomic number Z have
been studied as good candidates for high-resolution detectors operating at room temperatures.
When, beside detection efficiency, quality of retrieved image is also considered, one has to take
into account fluorescence that degrades spatial
resolution and contrast. The yield and energy of
fluorescence photons increase with atomic num179
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ber Z [3], so when choosing suitable semiconductor for detector construction, a compromise should
be made between absorption efficiency (high Z)
and decrease of Z in order to have good contrast
and spatial resolution.
Hence, this paper deals with spatial resolution,
signal-to-noise ratio (SNR) and contrast for planar pixellated detector made from intermediate-Z
materials: InP, GaAs and CdTe in order to find optimum material for medical imaging. We compare
these materials with CsI that is currently used for
mammographic imaging.
2.  Physical properties of compound
semiconductors
Performances of semiconductor detectors are
limited with production technologies of quality
large-area monocrystals, free of defects and with
uniform electric properties. CdTe, a dominant material for compound radiation detectors is still not
available in large areas and its production is limited to a small number of companies [4].
Bulk GaAs (SI) shows inhomogeneous electrical properties and high concentration of EL2 defects which decreases μτ product. Inhomogeneous
concentration of EL2 defects causes creation of
areas of small resistance and high dark current.
In recent years, there has been some progress in
production of epitaxial large-area GaAs [5] with
uniform electric properties and lowered defect
concentration.
Bulk (SI) InP [6], because of large leakage current on rectifying contacts, has to be cooled down
at -60 °C while strong compensation influences
carrier transport.
When X-ray photon interacts with semiconductor, it generates e-h pairs. When external elec-

tric field is applied, electrons and holes move into
opposite directions causing generation of electric
current. In order to achieve full charge collection
on both contacts, semiconductor must have a large
carrier mobility (μe,h) and long trapping lifetime
(τe,h). That means that good charge collection efficiency requires that mean drift length λe,h=μe,hτe,hE
is longer than semiconductor crystal thickness. On
the other hand, incident photon absorption probability increases with semiconductor’s thickness,
thus a compromise is usually made between high
photon detection and high charge collection efficiency whereas semiconductor thickness is of the
order of magnitude of carriers’ mean free path.
Physical properties of compound semiconductors
considered in this paper are given in Table 1.
3.  Fluorescence
When a detector of active area A and thickness
t absorbs in a unit of time a photon of flux Φ and
energy E0,the expected free charge N0 to be generated equals

(

(

N 0 = Φ A E 0 e −1 1 − e x p − a ( E 0 ) t

) ) ..... (1)

where t is semiconductor thickness, α is linear
absorption coefficient and ε is energy of e-h pair
formation. Because of fluorescence, total charge
induced by one absorbed photon in a sphere of radius r around incident point amounts to [7]

(

(
) )−
e x p ( −a ( k ) r )
. .. (2)

N ( r ) = E 0 e −1 1 − e x p − a ( E 0 ) t
− w k a k e −1

a

where ωk is fluorescence yield, and α(kα) absorption coefficient of fluorescence photons.

Table 1. Physical properties of compound semiconductors
SC
InP
GaAs
CdTe
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Z
49,
15
31,
33
48,
52

Eg
(eV)

e
(eV)

1.30

4.2

1.43

4.3

1.44

4.7

me,hte,h
(cm2/V)

ka1
(eV)

ka2
(eV)

4,8 x10-6,
£10-7
8,6 x10-6,
£4.010-7
2.0 x10-3,
£4.010-4

24.209,
2.014
9.25,
10.54
23.17,
27.47

24,002,
2.013
9.22,
10.51
22.98,
27.20

wk
(%)

ak
(cm-1)

46

252

54

200.8

86

74.7
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It means that total charge induced in a sphere of
radius r around the incident photon as presented in
Fig. 1, shows that for lower X-ray energies (20-30
keV), InP and GaAs have almost the same efficiency of charge creation.

Fig 2. Distribution of fluorescence energy for
InP, GaAs, CdTe and CsI

Fig. 1. Number of charges per photon versus
E(keV)
InP reaches maximum efficiency of charge creation for energies around 40 keV and CdTe around
50-60 keV. All three compound semiconductors
are more efficient than CsI in the energy range of
medical applications.
Considering that fluorescence around the incident photon degrades spatial resolution, we calculated distance (R) for which 90% of ka photons absorption will occure. The results shown in Table 2
indicate that the impact of fluorescence on spatial
resolution can be neglected for distances around
R=100 mm for InP and GaAs, and for R=300 mm
for CdTe. Fig 2. shows distribution of fluorescence
energy for the considered materials.
Table 2. Distance R for which we can neglect
fluorescence for InP, GaAs, CdTe and CsI
Semiconductor

InP

GaAs

CdTe

CsI

R (mm)

91

115

308

564
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4. Image quality
Spatial resolution, noise and contrast determine
image quality [8] and they are inter-related as follows:
S N R =C

Φ A ........................ (3)

where SNR is signal-to-noise ratio, C contrast,
Φ incident photon flux and A is object area.
Signal-to-noise ratio can be calculated as

S N R=

N on − N o f
N on

f

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

and contrast as

C=

N on − N o f
N on

f

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

where Noff is signal inside a pixel with object,
and Non is signal in adjacent radiated pixels.
In order to evaluate detector’s SNR, we considered a model of pixellated detector with a cubic
object smaller than pixel. We calculated signal as a
number of generated e-h pairs inside the pixel, taking into account fluorescence in adjacent pixels.
Fig 3. shows the results of SNR calculations depending on object size for a 100 μm pixel, photon
flux ~108 photons/cm2 , detector thickness 200 μm
and incident photon energy 30 keV. Fig 4. shows
SNR as a function of incident radiation energy for
a 100 μm pixel and 5 μm object.
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Fig 3. SNR versus object size for a 100 mm pixel
and 30 keV energy for InP, GaAs, CdTe and CsI

Fig 5. Contrast versus energy for InP, GaAs,
CdTe and CsI (keV)
As the aim of medical imaging is detection of
early changes inside the tissue, i.e. detection of
objects as small as possible, we calculated minimum object size that could be visible in conditions
of mammographic imaging, in order to choose the
best material for detector construction. We used
detector model shown in Fig. 6.

Fig 4. SNR versus incident photon energy for
InP, GaAs, CdTe and CsI
It is evident that the best SNR is achieved for
InP, which means that radiation energy for GaAs
and CdTe should be increased in order to get the
same result.
Using the same detector model, with an object
smaller than pixel that completely absorbs radiation, we have calculated contrast for different materials depending on the energy of incident X-rays.
Results show (Fig. 5) that InP and GaAs have almost the same contrast (around 1) for the radiation
energies considered.
CdTe has considerably smaller contrast for lower radiation energies, but as the incident photon energy increases, its contrast improves. All three compound semiconductors have much better contrast
than CsI in the energy range of medical imaging.
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Fig. 6. Application to mammography
During mammographic imaging, a problem is to
differentiate tumorous tissue from surrounding tissue because of very similar absorption coefficients.
According to Rose model [8], human eye is able to
differentiate these changes if SNR is equal to 5.
Starting from this point and taking for E = 30
keV, absorption coefficient of tumorous tissue [9]
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(carcinoma) αc =0,5 cm-1, and of surrounding tissue [9] of thickness 5 cm , αt = 0,25 cm-1, we have
calculated minimum size of visible carcinoma for
radiation dose of 100 μGy and pixel size 200 mm .
Table 3. Minimum size of visible object for 100
μGy radiation dose for InP, GaAs, CdTe and CsI
SC

InP

Object size (mm)

22

GaAs CdTe
23

31

CsI
127

The results presented in Table 3. show that
minimum visible size of cubic object for radiation
dose of 100 μGy, is 22 μm for InP while for CsI is
127 μm. That means that we would have to drastically increase radiation dose in order to see the
same size carcinoma with CsI as with InP.
Finally, we compared contrast, visible object
size and radiation dose for considered materials
for energy of 30 keV, and pixel size 200 μm .
Table 4. Relative values of contrast, minimum
object size and dose for InP, CsI, CdTe and CsI
for low energy (30 keV) and pixel size 200 mm
Relative values

InP

GaAs

CdTe

CsI

Contrast

1

1

0.83

0.61

Minimum size

1

1

1.5

6

Dose

1

1

2

45

It is obvious from the results given in Table 4,
that for medical imaging for low energies around
30 keV, there is a considerable reduction of radiation dose with same contrast and minimum visible
carcinoma size for InP and GaAs instead of CdTe.
Comparing intermediate-Z materials GaAs, InP
and CdTe with CsI that is currently used for imaging, it is obvious that compound semiconductors
are more suitable because of improvement of contrast and reduction of radiation dose than scintillation materials.
5. Conclusion
Our results show that for low X-ray energies
and pixel size of 200 μm in conditions of low contrast according to Rose, minimum visible object
size is 6 times smaller for GaAs and InP, and dose
needed for detection of the object around 50 times
smaller than for scintilator detectors based on CsI.
Volume 6 / Number 1 / 2011

According to our evaluations, InP has better
contrast and minimum size of visible object than
GaAs, but detectors based on InP are limited with
production technology. We can conclude that in
the group of considered intermediate-Z materials,
epitaxial GaAs seems to be the best compromise
between developed technology of production,
good response to X-ray radiation of energies 2060 keV [10],contrast and radiation dose.
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Abstract
Human resources management gives special
attention to method of applying volunteers. Understanding the motives and characteristics of
volunteers would enable organizers to successfully recruit and retain volunteers with high commitment. The motivation and commitment of 281
volunteers were assessed using the organizational
commitment scale, motivation scale and personal
characteristics questionnaire.
The descriptive results showed that; 64% of
volunteers were women with age average 21/24
years old. They were physical education student,
single (71/9%), without occupation (53%) and
with average of 5 years sport experience. Their
most important motivation was career factor and
the most important commitment factor was normative factor. The results of examining the hypothesized showed that; age, sport experience and
education are effective in the amount of volunteers’ commitment. And the motive factors such
as career, material, purposive and protective factors also have the power to predict the amount of
sports volunteers’ commitment value. Therefore
it is recommended to provide possible opportunities for volunteers and carrying out appropriate instructional courses by events executive managers.
Key words: sport volunteers, motivation, organizational commitment, sport event.
Introduction
At recent sporting events, volunteers are a critical
part of the overall success of the events (Williams,
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Dossa and Tompkins, 1995) (17). Employment of
volunteers as an important part of sport organizations is a part of sport event management process
and, regardless of its extent and nature, is an essential affair to success at all of sport events. Volunteer
participation at sports events due to not receiving
wages, has much importance and allows administrators as with less cost payment develop the quality and variety of services. In the sport industry, the
importance of volunteerism has been raised in economic aspects. At the year of 2000 the economic
value of voluntary services in Australia were estimated equal to 24-31 billion dollars per year and in
Canada was more than 17 billion Canadian dollars
(1). The economic value of sport volunteers in England was 14 billion pounds (27) and in America, it
was estimated over the 200 billion dollars (31). Although these information are indicant of the amount
and extension of volunteer work, but little attention
have been paid to detect their nature and important
consequences of those efforts.
Besides the economical value, social advantages
such as social society, integration and harmony of
community that is due to volunteer activities also
have been considered by researchers. At recent
years, some national governments with realizing
the importance of social society and civil community training, have inferred that they cannot and
mustn’t serve all of services related to respublica
and in addition, citizens’ participation at most of
service provisions has much importance(1).
Research review in relation to volunteer motives suggests that person stimulus to contribute in
activities were various and also is varying in time,
and there is not definitive answer to this question
that which motives and what inner forces excite
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persons to volunteer and lead them to unpaid and
without priced activities. But most of researchers
have agreement in this concern that these motives
are multidimensional and several factors play
effective role to excite volunteer. According to
Clary and colleagues (1996), motivational factors
such as; social, traditional, occupational, perception and mutual understanding, promotion and
protection are the most important factors. They
had believed that though person may do similar
activities, their objects at extended level can be
different with each other (6). Nevertheless, sport
volunteer motives and experiences may vary with
regard to population and situational characteristics
also accordance to opportunities features, for instance season employment or a great and special
sport event (22).
While these viewpoints indicate the complexity of this field, it must establish comprehensive
perception about voluntary behavior to meet management needs about labor and facilities security,
keeping conditions and performing customized
acts effectively (16). According to Doherty (2005),
the most important reason for volunteer participation is altruistic motives and the factors as individual needs and interests are the next incentives
(10). Daitch and colleagues (2005) found helping
the others, purposive and leisure time as motivations with high importance (9). Giaimoulakis and
Wang (2008), mentioned external effects and purposive the most important volunteer motives (15).
Han (2007) found that the most important motive
that influences involvement in volunteer services
appears to be related to the egoistic factor (17).
Fairlly and colleagues (2007), specify four factors as volunteer motivational factors; civism,
unanimity and fellowship, to join with Olympic
and respect (13). Khoo (2008) also found the most
important motivational factor is social opportunity
(23). In addition, Twynam and colleagues (2003)
found the motives of special events volunteer are
different from another volunteer and concentrate
on a particular goal and result (30).
The better understanding of volunteer motives
by sports events organizers results to enhance
their satisfaction (14) and consequently leads to
commitment which is defined as relevancy to organization and its goals (30). Similarly, the volunteers who support an action and event may have
Volume 6 / Number 1 / 2011

strong commitment feeling for innumerable reasons. They may feel that what they do give them
chance to interaction with the others. Also exists
the responsibility to task and job or occupation
and, May there is moral obligation to other people
believes and values and to organization values as
a whole. The volunteer participation and commitment in the event is touched of their motives at the
volunteering.
Dorsch (2002), found five main factors; satisfaction from organization efficiency, enough knowledge about organization, psychic confidence and
safety seeking, recognition and acceptance personally role are effective in implying volunteer to
accomplish their own commitments (11). According to Hsieh (2000), demographics characteristics,
household income, age and education as well as
volunteer satisfaction of organization are the best
anticipator factors that account for volunteer commitment (19). Cunningham and Sagas (2004) found
the age, gender and social obligations have negative influence on the occupational commitment (8).
Unlike them, Turner and Chelladurai (2005) found
some of the social factors such as gender and lifestyle haven’t any effect on the organizational and
occupational commitments (29).
Investigations are suggestive to this point that
motivational variables and social factors in different way, separately or combinational are effective
on commitment amount. Some of these factors can
be intermediate among other variables. The events
celebrants must be sure that volunteers are capable
of performing assigned tasks and more importantly they must be obligated to continue cooperation
until the end of events, because volunteering is a
free and arbitrary activity and personal responsibilities as well as family and occupational commitments can vary. Today modern lives pressures,
makes weak primary motive to volunteer and continuing participation, and breeds questions like
this: What people motives are for allocate their
time and skills to aid to others? What factors influence on continuing the voluntary and person commitments? Whether different motivational factors
create different commitment amount?
It has been given less attention to the voluntary
part in Iran and almost it occupies interruptedly by
different parts administrators. The volunteer commitment amount and motivational factors which
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influence on it play an important role at required
solution of sports managers to apply and keep effective voluntary force and also to create required
conditions for maximizing volunteer efficiency
and sports events success.
Therefore, with due to operational role of this
research at developing and improve managers
and executors operation and its role at propelling
sports human resources management towards a
scientific management, it is very important to consider it in order to acquire success in the field of
carrying out national and international events and
it can give novel information to events celebrant
managers and administrators till in case of applying required right elements they will can reach
more quickly and harmonically to their goals that
indeed is attaining to successfully accomplishment sport events.
Methods
This research was designed as a non-experimental cross-sectional descriptive and completed
by survey method. The participants were volunteers in Iran championship leagues in February
and March 2010. A total of 281 volunteers returned the questionnaire. This represents 93.6% of
the volunteers who were involved in the Games.
Regarding to research nature, tools of data
gathering were three questionnaires; demographic characteristics, motivational and commitment
factors. These questionnaires were prepared by
the researcher and based on literature review and
standardized. Demographic characteristics questionnaire with 19 questions measures the age,
gender, marital status, occupation, income, sport
experiences and education. In order to study motivational factors the 34- questioned ascertained
questionnaire was used. The present questionnaire
is made up of six factors; career, material, protective, achievement, social opportunity and purposive. In order to measure sport volunteer commitment, 22-questioned questionnaire was used. The
present questionnaire is made up of four factors:
affective, normative, continuance-high sacrifice
(CC:HiSac) and continuance-low number of alternatives (CC:LoAlt). Responses to the questions
were graded using a five-point Likert scale, ranging
186

from 1 (Strongly Disagree) to 5 (Strongly Agree).
The reliability estimates (Cronbach`s alpha) for the
four bases of commitment are 89% and the volunteer motivation by five dimensions are 88%.
At primary study and in order to determine reliability, the questionnaire was distributed among
30 volunteers of a sport event and then was collected. For the sake of retest, the same volunteer
after a month again answered to the questionnaires
(test-retest). The questionnaires had reasonable
reliability (80%, 75 %), hence was used at this
study. Other than that, with dividing the tests in
2 parts ratio of alpha was 88% (Motivation) and
89% (Commitment) and after Pierson modification method the gained value was equal to 90%
and 93% which show the stability of the tests.
Utilized method for measuring frequencies,
means, percents, and standard deviations was
descriptive statistics. The skewness and kurtosis
were examined to determine whether the observed
variables were normally distributed. All skewness
and kurtosis values ranged from -0.58 to 0.47.
It was assumed that all variables in the data set
achieved multivariate normality. To predict the
proportion and role of predictive variables in basic
variable, the single and multiple regressions was
used by synchronous entry method.
Results
Based on results, 64% of volunteer were women. The average of volunteers age were 21/24
years old with standard deviation of 5/03. 71/9 %
of volunteers were single and 53% of them were
unemployment. The average of volunteer sport
experience was obtained 5 years. The volunteers
mentioned the career motivation and normative
commitment as the most important motivation and
commitment factors.
Table1 shows research hypothesized based on
existence of volunteer commitment predictive power are confirming via age at level p=0.001 within
β=0.21 and education (t=3.46, p=0.001). Also there
are purposive at level p=0.005 within β=0.28 and
protective at level p=0.001 within β=0.32.
Also in accordance with table 2, the results
of examining the researcher hypothesized based
on existence the predictive power via motivation
Volume 6 / Number 1 / 2011
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effect on commitment. This study has been performed among the students and this result to low
age of volunteer. Sport is an area where have
much more attractiveness for young volunteer. To
volunteer means to produce social capital. Therefore, sport organizes have important role in social
capital production and much interaction must be
performed. With respect to the results of this research, it appears that codifying the instructional
program with regard to the age and youthfulness
needs and their interests and motives must be done
in order to increase the volunteers’ capability.
There was predictive power to predict the volunteer commitment amount via educating and is
expressive of educational stand effect on people
obligation value and was consistent with Chen
(2009), Han (2007), Andam (2008), Hoye and
Kusklly (2006), Doherty (2005), Dorsch (2002),
and Hsieh (2001), studies based on increasing the
people commitment by increase at academic educational stand. The research showed that students
do voluntary activities because relates lecture
theories and comments to exercise and practical
activity. Moreover, Han (2004) stated that many
of young students due to needs of voluntary activi-

subscales show that there are material subscales at
level p=0.03 within β=0.16 and protective at level
p=0.001 within β=0.31 that have power to predict
the affective commitment factor. The purposive
subscales at level p=0.1 within β=0.36 and career
at level p=0.001 within β=0.26 have predictive
power for normative commitment factor and protective subscales at level p=0.006 within β=0.26
have power to predict the continuance-high sacrifice and material subscales at level p=0.04 within
β=0.15 have predictive power to continuance-low
number of alternatives.
Discussion
The research findings showed that there is predictive power for volunteer commitment via age
and illustrate that the age have positive effect on
obligation value, as with increase in age the obligation value increase too, and it is consistent
with Andam (2008), Han (2007), Dorsch (2002)
and Hsieh (2000) researches, but is inconsistent
with Cunningham and Sagas (2004) and Doherty
(2005), based on this point that the age have no

Table 1. Coefficient of regression and value related to prediction of volunteer commitment via social
and motivational factors
Predicted

volunteer
commitment

B
-coefficient

βcoefficient

t -value

p

age

0.18

0.21

3.24

0.001

educate

-

-

3.46

0.001

protective

0.793

0.32

3.33

0.001

purposive

1.023

0.28

2.81

0.005

Predictor variable
Demographic
characteristics
Motivational
factors

Table 2. Coefficients of regression related to prediction of volunteer commitment scales via motivational subscales
Commitment predicted
subscales
Affective
Normative
continuance-high sacrifice
continuance-low number of
alternatives
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Motivation predictor
subscales

Bcoefficient

βcoefficient

t

Sig

Material

1.24

0.16

2.12

0.03

Protective

0.24

0.31

3.26

0.001

Career

0.26

0.26

4.31

0.001

Purposive

0.53

0.36

2.52

0.01

Supportive

0.17

0.26

2.77

0.006

Material

0.11

0.15

2.04

0.04
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ties benefits volunteer at sport competitions (17).
According to previous studies, it is being said that
factors such as prize, facilities and competition
position influence students who take part in competition. From previous studies results and this
research appears that high level education create
new approach that help to society and social task.
There is predictive power of commitment
amount via motivational factor. The motivational
factors are effective in commitment and the commitment amount increases with interestedness and
tendency increase. Consideration effective motivational factors in commitment was characterized that
career, material, protective and purposive factors
have positive relation with commitment amount.
The career factor is consistent with study results
of some researchers as Mead (2009), Han (2007),
Casper (2007) and Coyne (2001) who have indicated profession factor or professional abilities in
motives identification. With respect to this point
that volunteer’s commitment had expressive and
positive relation with career factor appears that universities administrators and sport events celebrant
must carry out appropriate instructional courses
for students until they participate at activities with
more incentive and through experiencing varying
occupations achieve to their desirable occupation.
The results of this study with regard to material
factor effect on volunteer commitment amount are
consistent with study results of Han (2007) and Pi
(2001). In view of the fact that material factor in
students opinion at the present study weren’t nonsignificant, administrators and celebrant executors
must give attention to it and taking into account
welfare facilities and another material factors as
an effective incentive on commitment and must
effort for attraction and keeping volunteers.
Another impressive factor is purposive that
point out to volunteer tendency for worthful help
to organization and society and getting success
at one event, which is consistent with researches
of: Khoo (2008), Andam (2008), Twynam (2003),
Strigas and Jackson (2003) and Johnston (1999),
based on aiding to an event success. Just as Reeser
(2005) that people proceed at voluntary activity
for doing a worthful work (26).
The present research results confirm protective factor effect on volunteer commitment and
are consistent with Allen and colleagues (2009),
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Khoo (2008), Casper (2007) and Downward and
colleagues (2005) studies. Volunteers for escape
of daily life and enjoy of sport activities appeal
to voluntary work (2). Thus, sport organizations
must increase their organization flexibility to enhance self-consequence feeling and independence
of volunteers; hereby volunteers can choose their
favorite occupations and give diversity to their
works. With these conditions they feel that they
haven’t waste their time and carry on their activity
with more responsibility sense. Second factor is
creating the interestedness atmosphere for volunteers perhaps they have more chance to apply their
abilities. This matter enhances people participation and self- assurance feeling. Participators will
have a good feeling about themselves, this will
cause that in addition to works corresponding to
their abilities, and they enjoy of doing new activities and developing other abilities and appreciate
of this new situation by increasing the commitment amount and doing more activity.
Conclusions
Understanding the motivation and commitment
of volunteers plays remarkable role to attract and
apply a volunteer. Usually this work begins with
an effective management and gives volunteers
opportunity to feel that are excited, worthy and
successful at their roles. Perhaps under different
organizational conditions there was need to different volunteer management approaches. However
there is not a unique method for this work but the
result of these approaches which is creating excited and obligated volunteers is similar. If managers
treat volunteers as creative, excited and worthful
persons, then volunteers will have occupational
satisfaction, high performance and organizational
commitment. Therefore, effective management
help volunteers to adjust their goals corresponding to organization goals and encourages them to
success at proportional assigned works with their
tasks, because the voluntary is an exchange between organization and volunteer. An organization
looks for volunteers to apply their time, effort and
skill. While volunteers look for an opportunity to
use of these skills for helping the others, remaining at sport fellowship and acquire some advanVolume 6 / Number 1 / 2011
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tages for themselves. When the relation would not
be mutual the fellowship will be weaken or volunteer will abandon voluntary.
Training and absorption of Volunteer force is
considered as one of the important marketing challenges. Knowledge of people motives to volunteer and offering free cost services would can help
considerably to sport organization with regard to
subject of volunteer marketing. To retain and keep
undertaking volunteer, the appropriate environmental conditions must be provided because volunteers
who support an activity and event may be have
obligation feeling with countless reasons. Perhaps
they would have felt that what they do give them
interaction opportunity with others or create occupational and supportive chances for them. Generally, when volunteers are interested to their activity
social milieu, perceive their role and feet that they
can play their role well and their volunteering is important for event and can achieve to their motives,
they will acquire more commitment.
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Abstract
In this work, the methodology of processing
information is represented, and also the analysis
of parameters about working the truck transport
adapted in black coal mine ‘’Banovici’’.
Key words: open pit mine, trucks, GPS (Global Positioning System), processor, information
Introduction
In Bosnia and Herzegovina, the usage of new
technology for monitoring of working the loading-transport vehicles in the open pit mines is at
an early stage. As the truck transport in the surface mining of deposit of mineral raw materials
is one of the main kind of transport or it is in the
combination with the other kinds of transport.
Global Positioning System (GPS) receivers can
be used for monitoringnof movements and stoppage these transport vehicles in the real time.
Units of measuring and performing represent
the GPS/GSM terminal that communicate with
a server by GSM communicating canals (SMS/
GPRS/VOICE). GPS modulation, placed in the
measuring-performing units, perform a continued
calculation of position by reading GPS signal, so
that information is delivered in the processing unit
in each socond. In the part of equipment of black
coal mine ‘’Banovici’’ GPS receivers are embedded. Till now, on the open pit mine of black coal
mine ‘’Banovici’’, for the analysis of an individual
Volume 6 / Number 1 / 2011

parameter of the truck transport are used the information of the mining operative-technical preparation service that runs daily reports about working
and stoppages of machines by producing processes. Belaz trucks, obtained at the last years, have
gotsome embedded processors in wich memory
is registrated individual data that can be used for
some analyses, but those data obtained from these
three different sources.
Hypothesis
Analysis of parameters of working the truck
transport can be done using different sources data.
Reliability of an individual parameter information
dpends on a large number used data sources.
Methodology of collecting and processing
data obtain from the different sources
Processor data on Belaz trucks are obtained in
the form shown in Figure 1.
In one shift, 255 data sare obtained that can
be used for individual transformation, but later
for some analyses. Data from dumper processor
is necessary to prepare for the analysis. Data are
in the form where is necessary to do the transformation of time data, they are classified by hours
and minutes in columns. To present diagrams,
these data is necessary to transform in form data
TIME (0:00:00). In this data library with proces191
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Figure 1.
sor, can be seen not to register time by second. All
of those complicate coordination these times with
times obtained from the source of monitoring the
dumper by GPS receivers. In two divided columns
there are registrated data about mass of load after loading and during the unloading. These two
values are different because of sensor’s registration and bigger value of load during the loading.
This is because of unevenly load in the dumper
box. During the transport from the loading place
to the unloading place, there comes to opportionment of the load and in the process the registrated
load mass during the unloading is compitent for
futher analysis. Data about driving times of a full
dumper can be obtained from the subtracting the
registrated unloading time and stoppage loading
time. In the data library is shown some values of
passed over tracks of a full dumper and an empty
dumper. Dividing values of lengths of passed over
tracks by driving times of full dumper can be obtained driving speeds of full dumper. If we define
the subtracting of registrated times of the beginning loading and time of previous unloading me
can get driving times of empty dumper small if we
compare with the speed of full dumper.
Mentioned times can be got by analysing data
obtained by monitoring GPS receivers on the
trucks. Within the framework of the surface mining in black coal mine ‘’Banovici’’ there exists a
mining, operative-technical service that runs daily
reports about working and machine stoppage an
example of the daily report (Figure 2).
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Figure 2.
Number of registered data in one shift is different because of different stoppage with various
characters. Every day, the reports are run about
effective working hours with coal, overburden
and others. In reports are also run about the sort
of transfered material and its quantity. In these reports there sign on location/open pit mine, truck,
Volume 6 / Number 1 / 2011
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dates and all stoppage during the day separately in
every shift. In the case of being used in one shift
for more shovel, there registers a shovel sign and
number of transfered tours. An example of report
in electronic form is in figure 3.
Data of monitoring Belaz trucks by GPS receivers, read on server, are obtained in a form shown
in Figure 4.
In one shift there gets about 5000 data that can
be for individual transformation, and later for analyses. To do some individual analyses it is necessary
to transform one time and date column into two columns separating date data and registrated times. In
view of coordinates, it was necessary to define the
lenghts of section on the basis of time and time intervals it was necessary to calculate dumper movements speeds (Figure 5). Only after this preparation
of data there can do analysis of collected data.

Times registrated by GPS receiver, it’s necessary to adjust for one hour backward. For example, if it is eight o’clock on the server, it is 9
o’clock in local time.
Analysis of data and performing results
Analysis of parameters about working truck
transport has been done by data from three different sources. If we want to show a collective
monitoring report of one truck unit in a day, it was
necessary to decide what kind of data we want to
use from individual sources that were accessible.
Stoppage data are not coincided. By monitoring data of GPS receivers but without adequate
map review, there cannot be exactly defined kind
of stoppage. For example, by server data in the

Figure 3.

Figure 4.

Figure 5.
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first shift there were registrated 1,21 (hours), in the
second 0,565 (h), and in the third shift 0,56 (h) of
stoppage/canelcllation.
By report data of the operative-technical preparation service, in the first shift there were registrated two hours of stoppage, in the second two hours
and in the third shift one and a half hours. Errors
that happens in this way of registering, were made
because of rounding all individual times on hours
or halves of hours, however, a kind of stoppage/
cancellation is registered.
So, from the daily report (truck processor data)
data about completly transported load during the
day can be used, and also average values transported load because the processor registers this
kind of data. In addition, total fuel spending is
compitent for analysis of spending by each kilometers on by transfered tone of load. A number of
tours can be obtained on the basis of these three
information sources.
The other data about working time, stoppage,
lengths of track, speeds, are more correctly from
the source – monitoring data of GPS receivers obtained on the server. By all these proccesed data, a
final view of daily report was formed.
Open pit mine Turija
Turija dump
Shovel EKG – 2, Truck Belaz 8
Date 17th November 2009, Final daily report
Capacity of shovel bucket: 8 m3
An overage number of loaded bucket in truck: 7
Totality of transported load 3612 t
An overage value of transported load 78,65 (t)
by tour
Totality of spending fuel 1435 l
Number of tours 46
Completely lasting time of loading during the
day (with no time of change) 9744 (s)
An overage lasting time of loading during the
day (with no time of change) 211,61 (s)
Totality of transported route under the load
(full dumper) 91 873,85 (m)
An overage of transported route under the load
(a half of tour – full dumper) 1997,45 (m)
Totality of transported route with no load (empty dumper) 120128,8 (m)
An overage time of driving dumper under the
load (full dumper a half of tour) 441,80 (s)
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An overage time of driving dumper with no
load (empty dumper a half of tour) 430,89 (s)
An overage speed of driving dumper under the
load (full dumper) 16,50 (km/h) 4,58(m/s)
An overage speed of driving dumper with no
load (empty dumper) 19,43 (km/h)5,39(m/s)
During three shifts on 17th Novembar 2009 Belaz truck passed over 212002,65 (m) of the route
Spending the fuell 6,77 (l/m) or 0,397 (l/t)
transferred load
An overage time spent before the loading 136,6 (s)
In the first shift there registrated 1,21 (h) of
stoppage Belaz 8 trucks in the second 0,565 (h),
and in the third 0,56 (h) of stoppage
Changes of route length registrated during the
day have been shown in figure 6.

Figure 6.
Changes of all speeds in function from the time
during the day are shown in the diagram, figure 7.

Figure 7.
It has been registrated 11 speeds over 40 (km/h)
during the analysis they are rejected (filtered data)
as shutdown of signal in time interval till 2 (s) An
overage driving speed of full and empty dumper
during the day you can see in figure 8.
Change of fuel level in function from time during the day, you can see in figure 9.
Then report view in a shift on the basis of data
from the operative-technical preparation service is
shown in figure 10, on the basis data from truck processor in figure 11 and on the basis of data obtained
from monitoring by GPS receivers in figure 12.
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Figure 8.

Figure 9.

Figure 11.

Figure 10.
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Conclusion
Analysing everyday monitoring data of working truck transport there can be prognosticated
a technical state of motor pod by using statistic
and instrumental methods.The main aim of vehicle distribution in open pit mines is achieving
more productivity of machines, and because of
that cheape exploatation of mineral raw materials.
Presented methodology of processing, analyses
and emphasizing of important information about
parameters of working truck transport in this way
and in this place, it is the first time to do all these
things. This can be repeated in the case of initiation of monitoring the truck transport by GPS systems and in other open pit mines. In view of colecting speed information, position exactness, and
also acceptable price, use of GPS devices were not
only right but it would be ensured farster and easier collecting of space and time information and by
that indirectly rationalization specific processes in
the surface mining.
References

Figure 12.
Discusion
At an early stage of monitoring truck transport in
open pit mine ‘’Banovici’’, as an introduction in dispatcherisation, it was necessary to set the processing methodology and separating the data obtained
from different sources. For Belaz truck it is possible
to do the analysis and monitoring of work on the
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processors so the analysis and monitoring of work
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of the mining operative-technical preparing service
and from data of monitoring trucks by GPS receivers about individual parameter. For the analysis of
parameter about working Belaz trucks, there can be
used a large number of information.
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Abstract
Introduction: Amoebiasis has been infecting humans since ancient history and the disease
could not have been differentiated from other
intestinal diseases that manifest in diarrhea until
the causal agent has been identified. Humans are
the main reservoir of histolytic amoebas and asymptomatic parasite-bearers are the main source
of infection. Excreted cysts can survive in outer
environment for weeks, even for months in humid
environment. Infection is transmitted by fecal-oral
route, mostly by food, usually vegetables that are
not boiled (salad) or water contaminated by feces,
and rarely by direct contact in poor sanitary conditions. Epidemic occurrences are rare and they are
usually related to highly contaminated drinking
water. Entamoeba histolytica occurs in two forms:
vegetative form (trophozoit) and cystic form. It
is found in colon, where it exists as a commensal, not causing pathological changes; however,
when immune powers of organism are reduced, it
becomes an invasive form, leading to numerous
ulcerations and lesions and causing blood-mucous
diarrhea. Clinical features can be presented as colonial (intestinal) and extraintestinal amoebiasis.
Asymptomatic cyst-bearing is a consequence of
infections with histolytic amoeba in 90-99% of
infected individuals. Beside the epidemiological
importance, it is also significant for bearers, since
cyst-bearing can be transformed into the invasive
disease under certain conditions.
Material and methods: The study involved 40
samples of fruit and vegetable lavates, as well as 17
water samples, examined in the period 01/01/2009
Volume 6 / Number 1 / 2011

– 12/31/2009. The samples were examined at the
Microbiological Laboratory of the Public Health
Institute of Sarajevo Canton; direct preparation
was examined for Entamoeba histolytica, after the
first, second or the third passage.
Results: Out of a total of 32 vegetable lavate
samples examined on direct preparation by microscopic method, cystic form of E. histolytica was
found in 15.6% of samples. All examined fruit
lavate samples remained negative. Results of microscopic examination of direct preparation made
of 17 different water samples suggest that cystic
form of E. histolytica was found in 5.9%.
Conclusions: Transformation of asymptomatic
infection into the invasive disease, as well as possible contamination of environment, is a problem
that requires obligatory reporting and controlling
of Entamoeba histolytica from epidemiological
aspect of spreading, distribution and intensity of
infection.
Key words: Entamoeba histolytica, cyst, cystbearing, source of infection, amoebiasis.
1. Introduction
Amoebiasis has been infecting humans since
ancient history and the disease could not have
been differentiated from other intestinal diseases
manifested in diarrhea until the causal agent has
been identified (1). Amoebas in diarrheal stool
of humans were first observed by Lewis (1870)
and Cunningham (1871), but these protozoa were
not paid significant attention. The first studies on
amoeba were written by Fedor Losch in 1875 in
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St. Petersburg. He found Entamoeba while carrying out the autopsy on an individual who deceased
from dysentery, in blood-mucous contents of colon. He managed to infect a dog with the found
amoeba per rectum, thus causing diarrheas. He
described it as Amoeba coli, but did not notice the
pathogenic form (2). Walker and Sellards documented the cystic form of amoeba in the Philippines in 1913, and Dobell described its life cycle
in 1925 (3). Later studies by Kartluis (Cairo 1886),
Hlave (Prague 1887) and Councilman and Lafleur
(Baltimore 1891) suggested that it was a cause of
a special form of dysentery and liver abscesses
(4). Schaudin systematized it in 1903 and named
it Entamoeba histolytica, because of its capability to degrade the tissues (Greek histion – tissue,
lyein – degrade), and finally differentiated it from
nonpathogenic species Entamoeba coli (3, 4).
Amoebas are primitive one-celled organisms
that exist in colon of many animals and humans;
only E. moshovski exists independently in nature.
Nonpathogenic species that can be found in humans
include E. gingivalis (commensal in mouth cavity,
without cystic phase), E. coli (in colon, it has up to
8 nuclei in cystic stage and it should be diagnostically differentiated from the pathogenic species
E. histolytica) and E. hartmanii. Only two species
are pathogenic, one of which infects snakes. Some
amoebas exist independently in nature, in outer
pools and warm lakes. These are Naegleria fowleri and Acanthamoeba sp. that are opportunistic
pathogens capable of causing keratitis and meningoencephalitis. Entamoeba histolytica is the only
amoeba that is potentially pathogenic for humans.
Humans are a primary reservoir (5, 6).
E. histolytica can be found all over the world.
Infective form is represented by cysts that are
transmitted by dirty hands, objects and water. Trophozoits cannot survive in outer environment, nor
can they survive in acidic gastric contents after
ingestion. Epidemic is possible because of contamination of water-supply facilities; the disease
is endemic in some regions. Parasite-bearers are
an indicator of circulation of fecal substance. In
case of intestinal amoebiasis, amoebas are found
in colon lumen, without pathologic manifestation.
Individuals do not have any symptoms; they are
cyst-bearers and a source of infection in healthy
people (5).
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Infect with Entamoeba histolytica is spread
worldwide, especially in tropical and subtropical
regions, as well as in countries with poor sanitary
standard. However, infect is spread in regions with
mild climate as well (7). Humans have the main
and only role in epidemiology of amoebiasis.
Amoebiasis is transmitted only by cysts, because
vegetative forms of Entamoeba immediately decay in outer environment. Asymptomatic parasitebearers are the main source of infection. Therefore, only people who excrete the cysts by stool
can be a source of infection; these are chronically
ill individuals and cyst-bearers. Individuals suffering from acute symptoms of the disease are not
contagious, because they excrete only vegetative
forms of Entamoeba histolytica (8, 9).
Cysts are usually consumed by contaminated
food and water. Nutrition full of carbohydrates,
with little proteins, is favorable for development
of amoebic dysentery. Cysts are resistant to chloral
compounds, as well as to gastric acidity. Infective
dose is made of some 1000 cysts, but unbelievable
cases of infection after ingestion of only one cyst
have been registered (10).
Epidemic occurs rarely, especially in continental climate zone. Flies and cockroaches passively
transmit the cysts, because they pass through their
intestinal system without barriers. Risk groups include male homosexuals, travelers from endemic
regions, alcoholics, elderly, pregnant women and
HIV-positive persons. Men and women are equally exposed to amoebiasis (11, 12).
2. Material and methods
The study involved 40 samples of fruit and
vegetable lavates, as well as 17 water samples,
examined in the period 01/01/2009 – 12/31/2009.
The samples were examined at the Microbiological Laboratory of the Public Health Institute of
Sarajevo Canton.
Water samples are collected in the volume of
5 liters, marked by the type of sample, date and
location of collecting.
Fruit and vegetable lavate samples are collected in the volume of 1 liter, marked and delivered
to the laboratory.
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Examination is carried out as it follows:
1. Water samples are filtered through 0.8
micrometer filters.
2. A drop is put on microscopic slide, covered
with a slip, and examination for cysts
suspected to be amoebic is carried out.
3. Five preparations are made out of each sample
(eozine and Lugol, as desired/necessary).
4. Microscopic examination under small (10x)
and middle (40x) magnification.
5. Application on the medium for cultivation
of protozoa (amoebas).
6. Direct preparation is made out of the liquid
from the bottom of the cultivated medium,
every other day, during the period of 7 days.
The medium used is Loffler medium for parasitology: 95 ccm of beef serum (human) + 5 ccm of
2% dextrose-bouillon is coagulated 3x at 80oC for
1 h. Additives: milled rice, sterilized in sterilizer,
sterile physiological solution.
Cultivation of intestinal protozoa (amoebas)
from water is carried out in the following way:
–– Rice powder is applied onto the medium
with a glass stick and 1 ccm of filtered water
is added.
–– The medium is put into thermostat for 24
hours at 37oC.
–– The first examination after 24 h: liquid is
suddenly poured away and direct preparation
is made of remains from the bottom.

–– The first passage: A bit of rice powder is
applied onto the medium with a glass stick,
washed with 1 ccm of F. O. and put into
thermostat for 48 hours at 37ºC.
–– Liquid is poured away, direct preparation
is made from the bottom and the process is
repeated.
–– After the third passage, findings are
confirmed and underlined.
Result of analysis is the following: E. histolyticae were (not) found in direct preparation of the
water sample, were (not) found after the first, second or the third passage.
3. Results
Analysis of 40 fruit and vegetable lavate samples
was carried out during the study. Out of a total of 32
examined vegetable lavate samples, cystic form of
E. histolytica was found in 5 (15.6%) samples, using the method of microscopic examination of direct preparation. All examined fruit lavate samples,
a total of 8 samples, remained negative.
Table 2 provides an overview of results of microscopic examination of direct preparations from
fruit and vegetable lavate samples, after the first,
second and the third passage. It is evident that all
results acquired by direct microscopy remained
negative.

Table 1. Overview of results of microscopic examination of direct preparation from fruit and vegetable lavate samples
Sample type

Samples tested

Positive samples
Number

%

Fruit lavate sample

8

0

0

Vegetable lavate sample

32

5

15.6

Total:

40

5

12.5

Table 2. Overview of results of direct microscopy after the first, second and the third passage (fruit
and vegetable lavate samples)
Sample type

Number of tested samples

Direct preparation after passages
48 h

96 h

144 h

Fruit lavate sample

8

0

0

0

Vegetable lavate sample

32

0

0

0

Total:

40

0

0

0
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Table 3. Overview of results of microscopic examination of direct preparation from water samples
Sample type

Samples tested

Positive samples
Number

%

Jablanica Lake

4

1

25.0

Water – cistern

5

0

0.0

Fish-pool

6

0

0.0

River

2

0

0.0

Total:

17

1

5.9

Table 4. Overview of results of direct microscopy after the first, second and the third passage (water
samples)
Water sample type

Number of tested samples

Direct preparation after passages
48 h

96 h

144 h

Jablanica Lake

4

0

0

0

Water – cistern

5

0

0

0

Fish-pool

6

0

0

0

River

2

0

0

0

Total:

17

0

0

0

Results of microscopic examination of direct
preparation from 17 different water samples suggest that cystic form of E. histolytica was found in
one sample (5.9%). (Table 3.)
Table 4 provides an overview of results of microscopic examination of direct preparation from
water samples, after the first, second and the third
passage. It is evident that all results acquired by
direct microscopy remained negative.
4. Discussion
About 10% of the world’s population is infected
with amoeba, with the disease prevalence of about
50% in the regions of Central and South America,
Africa and Asia. About 40 000 to 110 000 people
decease from amoebic abscess and dysentery on
an annual basis. The cases of amoebic colitis that
lead to fatal results are in the range of 1.9 – 9.1%.
Amoebic colitis in the form of fulminant necrotizing colitis usually occurs in 0.5% of cases, 40% of
which lead to lethal results (11, 13).
The World Health Organization has estimated
that 50 million people in the world get infected and
70 000 of them decease on an annual basis. Mexico, Central and South America are endemic regions
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(amoebiasis is widespread), primarily because of
limited sanitary conditions and warm-humid climate, but infections and death cases are registered
all over the world. The disease rarely occurs in
children younger than five and amoebic abscess is
more frequent in men. Causal agent is usually introduced into organism by ingestion of food or water
contaminated by feces, which contain cystic forms
of amoeba (relatively resistant to chlorate, warmth
and drought, so they can survive in outer environment for a long time). Infection also occurs by introducing the causal agent into digestive tract after
the contact between mouth cavity mucus and hands
or objects contaminated by feces of infected individuals, and quite rarely by oral-anal contact during
sexual intercourses (14, 15).
Amoebic infection can persist in organism of
an infected individual for several years, without
any symptoms, and such individuals are extremely
contagious for their environment (16). Intestinal
amoebiasis is, therefore, spread all over the world,
with certain regions that are at risk. These are primarily the regions with warmer climate and poor
sanitary conditions (17, 18).
About 50 million people get infected and about
100 000 people decease from amoebiasis in one
year; therefore, the disease takes the second place
Volume 6 / Number 1 / 2011
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among protozoan infections, after malaria (19,
20). Prevalence of the disease is 4%, although the
prevalence is much higher in groups at risk (21).
Analysis of 40 fruit and vegetable lavate samples was carried out in our study, which is aimed at
detection of infection sources. Out of a total of 32
examined vegetable lavate samples, cystic form of
E. histolytica was detected in 5 (15.6%) samples.
Positive samples were the following: spinach lavate sample (the vegetable was bought at the Ilidza
marketplace), two salad lavate samples (Grbavica
marketplace), cucumber lavate sample (Grbavica
marketplace), as well as cabbage lavate sample
(Grbavica marketplace). All examined fruit samples remained negative. In relation to the overall
sample of 40 fruit and vegetable lavate samples,
E. histolytica cyst was found in a total of 12.5% of
samples. (Table 1.) Results of microscopic examination of direct preparation from 17 different water
samples suggest that cystic form of E. histolytica
was found in 5.9%. Out of a total of 17 tested water
samples, 4 samples were collected from Jablanica
Lake, 5 samples were collected from a cistern, 6
water samples were collected from various fishpools and 2 samples were collected from Neretva
River. Cystic form of E. histolytica was found in the
water sample from Jablanica Lake. (Table 3.)
Amoebiasis is a significant public-health problem, taking into account the health, economic,
social and other consequences it leads to. Experiences of other countries that have managed to reduce the rate of amoebiasis and protect the citizens
from invasion of Entamoeba, despite its existence,
indicate that the measures of prevention of the invasion and its expansion, regular education and
informing of expert staff and citizens are justified.
Considering the epidemiology of amoebiasis, it
should be underlined that the risk of invasion will
not be removed in any country with reservoirs of
the causal agent Entamoeba histolytica (22).
Therefore, epidemiology of amoebiasis should be
observed as a broad biological phenomenon, since it
can have various epidemiological features in different ecological conditions. Suppressive measures include sanitary control of environment and food. The
issue of treatment of amoeba-bearers is disputable,
although everyone agrees that they should not handle food. The most important preventive measures
include: education of populations with regard to perVolume 6 / Number 1 / 2011

sonal care, disposition of human feces in a sanitary
way, protection of water springs and water-supply
systems from fecal contamination and insisting on
thorough hand washing after defecation.
5. Conclusions
1. Out of the overall number of examined fruit
and vegetable lavate samples, source of
infection was found in 12.5%.
2. Cystic form of E. histolytica was found in
15.6% of samples by analysis of vegetable
lavate samples.
3. Cystic form of E. histolytica was found in
5.9% of examined water samples.
4. It is necessary to continuously control and
study the occurrence of amoebiasis, as well
as to apply preventive measures in order to
solve this problem.
5. Confirmed sources of infection suggest
that amoebiasis is a public-health problem.
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The Active Learning
Method of the Automotive
Mechatronics Course
Learning Impact on Stability
Sezgin Ersoy, Ersin Toptaş
Marmara Üniversitesi, Technology Faculty Mechatronics Department, Turkey

Abstract
Motronic education sets of Lucas Nuller Firm,
visual education sets of automotive firms, animations, films and written documents were used in
the research. Education sets were used by the education software and the software performed realtime simulation. The richness of the written documents helped the students to learn about other subjects on automotive and it was observed that their
interest in them increased. The objective findings
of the research showed the effect of Active Learning Method in success and remembering what was
taught in the class where it was applied.
This research was done in the first half of the
academic year 2007-2008 with 29 third-year students of Mechatronics Section of Marmara University Technical Education Faculty. In the research, the students were given three tests: a pretest, post-test and reminding test. The questions of
the tests were prepared according to the opinions
of the experts. These tests were checked with
Kolmogrof - Simitrow test and it was determined
that their distributions were not normal. Non-parametric statistical methods were applied to the distributions that were not normal.
The results were analyzed with SPSS 13.0 program, Wilcoxon Signed Ranks test. When the results were examined, it was found, as expected,
that Automotive Mechatronics Education was given more efficiently and effectively with the Active
Learning Method.
The research was elaborated and applied based
on similar studies in the same field. We hope that
Volume 6 / Number 1 / 2011

this research will be reference to similar researches in the same field.
Key words: Automative Mechatronics, Active
Learning, Mechatronics Technology
1. Introduction
Montessori (Lilard, 1972) has advised that
students decide on what to learn themselves. According to Dewey (en.wikipedia.org, 2008) it
was important that students discover knowledge
themselves. He stated that the concept of learning
improved and it was given new meanings. Collecting empirical evidence to prove the truth of
these statements and putting them into effect has
recently gained impetus.
According to De Charms (Ames and others,
1994: 275-310) students are motivated when they
have the right to decide on what they will learn.
Education of Mechatronics is one of the contemporary subjects of our age. Among the subjects
wondered about are which are the most beneficial
teaching methods and which will be applied to
train people in this subject. The contribution of
Active Learning Method to the success of the students learning the subjects covered by Mechatronics Systems, which is a branch of Mechatronics,
was previously searched and the results of this research were examined.
In order to increase the quality of training and
education, effective application of educational
technologies in concept teaching has become
more and more important. Accordingly, one of
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the most important advantages of using computers in education is increasing the level of learning and making students keep the knowledge in
their minds permanently. Therefore, it is pointed
out that by using animation, pictures, and sound
synchronously, education is saved from traditionalism and the level of learning is increased (Clark
and others, 1992:93).
Active learning becomes one of the methods
that can be used in every branch of education.
In this study, Active learning presented as an
education technology that includes education sets
as a teaching material in classrooms and software
belonging to these sets with animations that are
used in automotive technologies education, simulation, etc,.
Main purposes of using Information Technologies (IT) in education are: (Ari, 2003)
–– Increasing the quantity and the level of
learning
–– Reducing the time that students spent to
reach their target.
–– Increasing the efficiency of teaching staff
–– Reducing the cost of education with nondecreasing quantity
2.  Conceptual framework
2.1.  What Is Active Learning ?
According to Robert and Simon (Robert,
in pres: 18-36) Active learning is a process that
learners can have opportunities to make decisions
about special features of learning process and they
are forced to use their intellectual abilities during
learning.
There are some requirements for Active learning. These are;
1. How to learn information, how to use time.
2. Information is a concept that can be reached
by discovering. Learning technologies like
analyze, synthesis, discussion, questionnaire
should be used to reach information.
3. Students learn more efficiently in social
environments. Learning is a personal and
internal process and social interaction
increase effectiveness of this process.
204

It determined that when students were aware of
their own behaviors when they learned strategically or not. (Garner and the others, 1990: 643-659)
To provide student success and educational success in long term, technology has to be used in the
direction of new teaching philosophy and in new
scenarios with definitions of new roles instead of
using it in traditional education scenarios.
The main purpose of education is teaching students effectively and obtaining their intellectual
developments. This development and education
process exist in learn-teach environments. It is
obvious that if educations technologies are used
in learn-teach environments, which development
and education process exists in, learning will be
more permanent and effective. (İşman, 2003)
When we compare computer programs with
traditional education, it provides savings in learning times, about 20% - 40%. Using computers in
education area affects student success in positive
direction and increases motivation. ( Uşun, 2004)
The purpose of Zywno and Waalen’s research
is to determine the effects of the outputs of the
students, who are on technology supported education, to individual learning. 94 students from
control systems class of Polytechnic University
are also participated in this research. 49 of them
with hypermedia supported education, and 45 of
them are on traditional education. The result of
the academic success test that is applied on these
students shows that 49 students with hypermedia
supported education are more successful. (Zywno,
2002: 35-44)
Education sets, used in the study, belong to
Lucas Nuller firm and they are similar models of
real systems. They are formed from modular units
which are designed for technical education. These
are the units that are software supported and technical education purposed and are the same units
with the ones in real automobile systems that
show the performance, installation, design, operation and preventing breakdowns as soon as possible. Study groups are formed from the students
of Marmara University Mechatronics Education,
third class. Information about Motor types, Firing
and fuel systems, Vehicle security systems, Comfort, Electrical Control Unitary and functions,
Comfort systems are presented to these students.
In the beginning, the presentation has the same
Volume 6 / Number 1 / 2011
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basic subjects for two groups. With the results of
the measures and assessments, students have been
tested on their levels of learning of related basic
information, developing programs, being able to
apply different scenarios on the system and creating different alternatives.
3.  Teaching – learning objectives
3.1.  Purpose Of The Study
The conception of our study consists of these;
a. Motor and vehicle mechanics,
b. Motor types and arrangement ( Firing and
fuel systems),
c. Energy transmission systems,
d. Automotive technology basics,
e. Basic electricity and electronic,
f. Electronic components and basic electronic,
g. Practical automotive electronics,
h. Digital electronic in automobiles,
i. ‘Can-bus’ systems,
j. Electronic energy transmission and gear,
k. Vehicle dynamics,
These are the practical subjects that are in laboratories : Motor Training Sets ( Types of fuels and
effects), Common – Rail diesels, firing motors,
fuel systems and error analysis, firing systems of
petrol-driven motors; basic study components of
ABS and ASR and their behaviors, system errors
and diagnostic, Airbag systems and components.
Facilities and equipments of laboratories;
a. Motronic system,
b. Common rail fuel and firing system,
c. Petrol-driven motor fuel and firing systems,
d. ABS-ASR sets,
e. Automotive Electronic Sets,
f. Airbag system,
Motronic Firing System (Picture 1) from the
sets of Lucas Nuller Laboratories, ABS – ASR
(Picture 2) are shown below. In picture 3, simulation of the software sets can be seen.
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Figure 1. Motronic Education Set

Figure 2. ABS-ASR Education Set

Figure 3. Educational Software interface
3.2. Teaching Materials
Beside Education sets; written documents,
training films, animations on systems are also given in that research. All these materials were presented to students on a 4 GB-DVD.
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3.3.  Software
User interface shown in Figure 2 is a capture
of the software that goes forward step by step, and
the software lets the user move on if the system
has been set correctly. Students made the right
connections on the system up on the information t
given before and they could move only if they answered the questions. Interfaces that are designed
for units consist of different contents and features.

ability, corporative learning, providing permanent
learning. It develops research and thinking abilities
of students, provides them scientific thinking and
acting abilities. (Jones and the others, 1987)
4.2.  Implementing Active Learning Model
to Automotive Mechatronics Lesson
Behaviorism is a psychological theory that opposes structuralism and functionalism. It defends
the idea that observation of the attitudes and situations can be seen through eyes, not the conscious
situations.
According to behaviorists, the only thing that
can be observed by objective techniques is environmental stimulants and the reactions of people
to these stimulants.
In traditional education, teachers decide what
students will learn, when and how they will do so.
They teach students on a process in which they
are passive and quiet. After this, in exams they
demand students to repeat what they have been
taught. They assume that students can learn in the
same way as their teaching form.
The table that is generated by Johnson and
Smith (1991) to show the differences between Active learning and traditional education is presented
below for the Automotive Mechatronics lesson.
Active Learning

Figure 4. Establishing injection system on the education set and an interface screen of simulation.
4. Methods
4.1. Research Model
In the research, teaching is done with Active
learning method. In this method, basic information
is given to students and practical studies are expected from them. This is important because of addressing to more than one sense organ, being active,
developing abilities and increasing observation
206

It is a scientific branch that observes working
of cognitive science mind and mentality. Cognitive writer Vygotsky named the place of active
learning in education as zone of proximal development. (Moll13, 1990:6) It determined that the
difference between weak and strong students is
the difference of cognitive strategies usage and
pre-learning. (Jones and the others, 1987)
There are many proofs on effectiveness of Active learning. For example, it is known that learning techniques that are suitable for usage of social interactions that include active learning and
abilities of high level mind ** have important
effects on cognitive and sensorial learning units.
(Açıkgöz, 1992) There are more than hundred researches that prove this.
Volume 6 / Number 1 / 2011
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Table. 1. Comparative for Classical Method and Active Learning Methods for Automotive Mechatronics
Unit

Classical method

Active learning

Books and teachers present the Visual and written documentations and a CD of animations,
Information
subject, explain and show an documentations and films prepared before were given to stuimplementation.
dents.
Besides being active, creative, finder, converter to his/her own
It is an empty tool that will be
Students
information, students can define parameters like working with a
filled up by teachers.*
group, sharing knowledge and organize practice time.
Purpose of the Separate and classify informa- Developing the abilities of students and sufficiency and guidteacher
tion and implement them.*
ance. It is in the position that gives information when needed.
Student always has a communication and interaction with
There is no personal relationship
Relationships
teacher. Teacher leads about acquiring information and how to
between student and teacher*
use it.
Context
Competitor and individual *
Cooperation in education environment.*
Assumptions

Every expert can teach.*

Teaching is complicated. Individual characteristics and acquiring are directly affected on learning. Learning and teaching
processes should be checked in time.

* Johnson ve Smith (1991)

Another research result that proves effect of active learning is about learning strategies. (Açıkgöz,
1996:317)
Problem based learning and teamwork activities often turn out to be the student’s first point
of contact with what Industry is really like and
becomes a fundamental milestone in their learning throughout their degree course. The complete
development of products and machines provides
opportunities for active learning projects where
students can apply computer aided design, engineering and manufacturing technologies, as well
as the most advanced rapid prototyping technologies, so highly valued by Industry. (Yustos and
others, 2009)
Undertaking problem-based learning and teamwork activities where students can experience the
complete development of a product or machine,
following the stages used in the industrial world,
brings them closer to future work experiences. Aspects, such as active decision-making, weighing up
alternatives, self-teaching, time and cost planning,
the application of regulations, design in line with
commercial elements or contact with suppliers, are
given an enormous boost. (Yustos and others, 2009)
For example, in a program that was developed
by Weinstein and Underwood (1985), students
have been taught information manipulation strategies like how to make a connection between things
that are learned new and old, how to determine
Volume 6 / Number 1 / 2011

meaningful relationships between things that are
learned.(Weinstein and the others, 1985, 250)
Why Active Learning Method?
In 2006, as a research that has been made by
Marmara University Faculty of Technical Education, traditional method and active learning have
been applied on Automotive Mechatronics class.
The output data from this research has been statistically studied. (Control group: students from
traditional method; Experimental group: students
from active learning)
Wilcoxon signed rank test has been applied on
both groups, and the results show that there is a
meaningful difference between Active Learning
Method (z=3,14 ; p<.05) and Traditional Method
(z=3,33 ; p<.05). Both methods have positive effects on students. (Ersoy, 2008)
The calculation results of Mann Whitney U test
of the Before test and After test grades of traditional method and active learning method implementations are given. After 12 weeks implementation, results from before tests are the same as
expected. (U= 109,5 ; p<.05). It can be seen that
students’ levels are the same before the implementation, before separating them groups. But when
we observe the results of After test; a meaningful difference between active learning method and
207
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traditional method groups can be seen (U= 37,50
; p<.05). This research shows us active learning
method is more successful on students in Automotive Mechatronics Class. (Ersoy, 2008)
Collecting Data And Measure Tools That
Are Used
The validity and reliability of the questionnaire
are studied. To determine the validity of questionnaire, we consult an expert. Questions suitability
is decided upon consulting experts, too. Tests;
Three tests are applied on students in this research.
Explanations of these tests are given below.
a. Pre – Tests; This test consists of the questions
about general knowledge of Automotive
Mechatronics. Before training, students are
asked 15 questions. These questions aim
at measuring the level of general and basic
knowledge. This test is applied at the beginning
of the training. Questions are prepared as
suitable to the main purpose of teaching and
approved by academic staff of Mechatronics
Education Faculty.
b. Post  Test; A test that includes 15 questions is
prepared to measure the success of students after
education activities. In this test level of learning
is measured and determined. As in Post test, this
test is approved by academic staff.
c. Remember Test;This teaching program is
completed in 12 academic weeks in autumn
semester. Then, students are tested to determine
if they remember the subjects or not with this
stability test.
d. Data Analysis and Interpretation; SPSS
13.0 patch program is used for analyzing
the research data. In all statistical analysis,
significance level is taken as p < 0.05.

e. Population and Sample; The population of
this research is 120 students from Marmara
University Technical Education Faculty
Mechatronics Education. And the sample
consists of 29 students from third year of 20082009 academic year. Automotive Mechatronics
class is given in this academic year.
5. Indications
Data Resolution and Analysis
It is observed if the sample is in normal distribution with Shapiro-Wilks test when the number of
sample is less than 50. To determine the Pre- Test
and; PostTest distributions, Kolmogorov-Smirnov
Z (KSZ) test is applied and it is seen that the distribution is normal. The results are shown in Table 2.
When we observe Table 1, we can see that data
from Before, After and Stability tests are distributed normally. (KSZön test=0.757, KSZson test=1,597,
KSZhatırlama testi=0.922, p>0.05).To determine the
difference between means of before, after and stability test grades, Wilcoxon test is applied with a
p<0.05 level of significance. The results are shown
in table.
Results from Wilcoxon Signed Rank Test
Wilcoxon signed rank test with a 0.05 level of significance is applied on the research group before, after and stability test results and it is shown in Table 2.
Automotive Mechatronics class with active
learning method is subjected to this test and evaluated. When we observe the results, we can reach the
conclusion that the outputs from after test is academically more successful. (z=-4,724; p<0,05). The

Table 2. Pre-Test, and I remember the post Test Findings Test Shapiro Wilk-W TEST
Kolmogorov-Smirnov

Shapiro-Wilk

Statistic

df

Sig.

Statistic

df

Sig.

Pre – Test

,141

29

,149

,932

29

,064

Post - Test

,296

29

,000

,818

29

,000

Remember Test

,171

29

,030

,943

29

,118

a Lilliefors Significance Correction
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success of the students is an expected result to determine the positive effect of the education method.
6. Results
Students can obtain from this experiment;
a. Learning with implementation,
b. Using tools and materials correctly,
c. Building, saving and summarizing,
d. Reaching the conclusion and considering.
It is really important to learn the concepts by
applying them oneself and experiencing it on your
own. If the number of sense organs active in education is higher, the success is higher too, and the
subject will be forgotten more difficultly. The tools
and materials that are used in class are the signs of
the method of education in this class. Doing it by
yourself and experiencing it on your own can be
provided with experimental studies. Best learning
can be done by students themselves. (Gerçek and
the others, 2005: 100)
The main tools that are used in this study are
the education sets that are designed by Lucas Nuler with purpose of education and software, visual
and written documents are included with this set.
It is possible to provide students different education purposes and professional abilities with practical studies on these kinds of systems and modules. Positive conclusions about academic knowledge level can be reached with Active Learning
Method, which can provide students with deciding the time of study on their own, research and
developments with high attention. Integration of
the different subjects of the system provides the

stability of student’s attention activeness. And this
helps teachers cooperate and have opportunity to
develop group abilities.
Presenting the visual and written documentations to students in computer environment has a
purpose of providing students with a way to reach
the information whenever they want even out
school times and to have the opportunity to develop themselves. The main aim is to develop structure and better education with this technology.
It is seen that Active Learning Method that is
used in Automotive Mechatronics class is increasing the learning level of students and motivates
students for working. When research results are
observed, it can be interpreted that students have
stability, efficiency and effectiveness on knowledge in academic level with Active Learning, in
the scope of their thesis studies.
The different results of Before and After tests
prove us the utility of education as expected. It
can be seen that the results of After test with Active Learning Method are in favor of students and
their level of success with meaningful differences.
And the Stability test shows the utility of Active
Learning Method in the way of remembering the
knowledge after a time.
7. Discussion
Active Learning Method is applied on Automotive Mechatronics class and it is seen that this
method has a positive effect on academic success in
comparison with traditional method. In this study,
the effect of Active Learning to knowledge stability is measured. When we observe the results, we

Table 3. Pre-Post Test and Post – Remember Test Findings Wilcoxon Signed Rank Test

Pre – Post Test

Post –Remember Testi

Volume 6 / Number 1 / 2011

N

Mean Rank

Sum. of Ranks

z

p

Negative Rank

0

,00

,00

-4,724

0,000

Positive Rank

29

15,00

435,00

Ties

0

Total

29

Negative Rank

28

14,50

406,00

-4,653

0,000

Positive Rank

0

,00

,00

Ties

1

Total

29
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can see that the success of students is higher in After test and it is less in Stability test. The effect of
all information that is learned in stability of mind
causes behavioral difference of information that is
damped in time. In our research, it can be seen that
Stability test has a lower success in comparison
with After test. But level of learning is assigned
as successful in academic level in this study. It is
possible that the information that is learned can
be stable in mind theoretically, but practically the
stability of information in mind can be achieved
with different factors. Our study shows that the
stability that is obtained is in academic level and it
is defined statistically.
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Abstract
The paper presents the application of modified fictive sources method for determining electrostatic values of two-wire lines. It involves the
combined application of fictive sources and conformal mapping methods. As the obtained results
suggest, the method is superiour to that of the classical fictive sources method in respect of the speed
of convergence, and can also be used for solving
multi-conductor lines.
Key words: Conformal mapping, electric field
intensity, charge density, charge simulation method.
Method description
In order to get as accurate results as possible
for the field intensity in the close area of sharp
conductor edges as well as on its edges, the authors propose the combined fictive sources and
conformal mapping methods of isolated electordes, which is in the essence of the modified fictive sources method. Firstly, mapping of the conductor’s field of an outer part of a unit circle is
performed, whereby the contour which limits the
conductor cross-sectional area is mapped into the
unit circle. The fictive sources method is subsequently applied in a conventional manner and fictive charge values are determined.
Since complex mapping function has already
been determined, it is used for the mapping of

w k . In this manner we can obtain the equivalent

electrostatic system in w − plane comprising a
very long conductive cylinder of the unit, circular cross-section and a stack of parallel conductors
charged with longitudinal fictive charge qk¢ lying
in points w k . For the given system, upon the application of the theorem of face mill image, a complex potential is determined as well as the other
needed values. This is a very reliable method
concerning field intensity and surface charge density per conductor area. This primarily refers to
sharp edges where one can choose a point through
which a contour is set as a boundary of a conductor
cross-section. Steadiness of the results is also reflected in the fact that the method does not change
with the change in the number of the used fictive
sources. Thus, we have evaded the bad conditioning of the linear systems of the equations which
always occurs with the method. Additionally, the
application of the proposed method requires fewer
equations, which evades improper conditioning of
the linear systems of equations accompanying the
application of the method.
Figure 1 presents the cross-section of a twowire line with rectangular conductors. The positioning of the fictive sources is also shown. Firstly,
we make the sharp edges of a line rounded so that
the radius of the edges is r0 > 0 . Secondly, the fictive sources are set inside the conductor (indicated
with broken line in Fig. 1).

points z k , where fictive charge can be found in
the inner part of the second conductor in the points
Volume 6 / Number 1 / 2011
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Figure 2. Mapping of a rectangle into a unit circle
a

F =∫ ( x−0 )

Figure 1. The two wire line in z − plane

0

J

K

i 1 =1

j 1 =1

k 1 =1

ϕ = ∑ q¢i 1 G ( r , ri¢ ) + ∑ q¢j 1 G ( r , r ¢j ) + ∑ q¢k 1 G ( r , rk¢ ) ,

......................................... (1)
where G ( r , ri¢ ) , G ( r , r ¢j ) , G ( r , r k¢ ) are Grin’s
functions.
Having obtained the boundary conditions for the
potential on the upper part of the right conductor in
I + J + K + 2 , for the symmetry reasons, we can calculate the point of the adjustment observing points
A and B, thus getting a system of linear equations.
Solving them renders the unknown fictive charge.
Subsequently, other needed values can be calculated in a standard manner. However, the systems
of equations are always badly conditioned, which
causes many problems with systems with a greater
number of unknown values. The results infer that
the solution for the capacity per unit length is relatively stable since we are dealing with the integral
values, while the solutions to the field intensity on
sharp edges are not stable, i.e. they depend on the
number of the used fictive sources. For this reason
we need to employ the combined conformal mapping and fictive sources methods.
Firstly, we perform mapping of an outer left
conductor (Fig. 2) as in a detailed procedure
shown in [ref. 3]. Given the symmetry of the figure, we are observing only one its fourth in the
first quadrant, i.e. we form a functional
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N

∑C
n =1

n


s i n ( m β ) − y C  = m i n . ............


where x and y are parameters in the equations
of the mapping functions [ref. 4] parameter equations of the mapping of ref. 1, 2, 3, 4,
N

x =∑ Cn cos( mψ )−
n =1
N

y =∑ Cn sin( mψ )
n =1

d
2

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

and x B , y B , x C , y C represent the modified
coordinates of B and C which consider curvature
radius r0 .
Minimizing of functional (2) results in a system of non-linear equations which when solved
reveal unknown values C n , a , λ x , λ y , where
m is the cardinal number of harmonica and the
rectangle with value m = 3 − 2 n . Thus, a complex
function of mapping
N

z =∑ Cn w
n =1
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(2)

m

............................. (4)
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When the equation (7) is replaced with (5) and

is determined by its parameters (3) where
z = r e jθ and w = R e j ψ .
After we have determined the fictive charge as
described above, an electrostatic system can be
formed. It is made of a very long conductive cylinder of a unit circle radius as the image of the left
conductor in the w − plane, and the stack of fictive loads by which the right conductor has been
replaced Fig.3.

represented with w , we have the formula
N

wk

( i +1 )

=wk

(i)

+

∑C
n =1
N

∑
n =1

n

wk (

i)m

mCn wk (

−zk

i ) m −1

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

where i = 0,1,... I . The initial value w k (0 ) of the
iteration (8) is calculated for the value

w →¥

thus z = C 1 w which renders
wk (

0)

=

zk

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

C1

The proposed iterative procedure has a very
swift convergence therefore only after two or three
Figure 3. Equivalent electrostatic system in w −
plane
Points w k can be determined from the mapping function (4), since their position in the z −
plane is known, and the mapping function is presented with z = z (w) . However, it is unfortunately
not possible to determine the inversion function
w = w(z ) in its explicit form, which means that for
every fictive charge qk¢ requires determination of
K of non-linear equations in order to specify their
position w k .
As we do not aim at solving linear equations,
we can apply a simple iterative procedure to determine points w k , starting from the mapping function (4) which develops into a Taylor’s series in
the nearness of every point w k , (ref. 7).
z = z k + z¢ k ( w − w k

)

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

where
z¢ k =

dz
dw

iterative operations we obtain the values w k with
the eight decimal spaces accuracy.
Finally, when all the values have been determined applying the reflection theory in a cylinder
mirror [ref. 5], a complex potential of a system on
Fig. 3 is
Φ=− V +

w = wk

z¢ k = ∑ m C n w k
n =1

m −1

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

whereby the derivation of a higher level has
been neglected.
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K

∑
k =1

2

∗

 w k  w − w¢ k w − w¢ k
q ¢k l o g 

∗
 a  w− wk w− wk

....................................... (10)
The positions of the fictive charge sources in
the upper and in down half-plane are marked with
wk

i.e. w k ∗ being
w k = Rk e

jψ k

∗

and w k = R k e- j ψ k

, ............ (11)

whereas their reflections in mirror in the both
upper and down half-planes are respectively
w¢ k =

a 2 jψ k
e
Rk

and

∗
w¢ k =

a 2 - jψ k
e
Rk

...................................... (12)

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

N

1
2πe 0

where a = 1 cross-section of a unit circle
w = R e jψ .

When a complex potential of the field intensity
is determined in the nearness of a two-wire line,
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in the z − plane is calculated in a similar manner
(ref. 7, 8)
E=

dΦ
1
⋅
dw
dz
dw

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

field on the surface of a conductive cylinder in the
w − plane. Since during the mapping the capacitance per length unit remains invariable value, and
since the analytical equation for field intensity in
w − plane

where

E=
dz N
m −1
= ∑ m C n w , ......................
d w n =1

(14)

π

C¢
dΦ
=
d ψ . . .......................
e ∫0 d w
S1 2 + S 2 2

Examples

N

S 1 = ∑ m C n R m −1 c o s  ( m −1 ) ψ 
n =1
N

S 2 = ∑ m C n R m −1 s i n  ( m −1 ) ψ  .
n =1

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

Thus, for example, if we assume that R = 1 and
insert it into the field intensity equation (13) and if
the angle ψ is given within the limits of 0 ≤ ψ ≤ 2π
, we obtain the distribution of the field intensity on
the conductor surface. Due to the present symmetry the angle ψ will be limited 0 ≤ ψ ≤ π . Numerical results for the field intensity calculated in this
manner are extremely stable, particularly on sharp
conductor edges. This means that the method is
rather insensitive to the number of the used fictive sources. Therefore, compared to the classical
charge simulation method, this one has an advantage which is to be illustrated below.
Capacitance per unit length can be calculated using the charge simulation method since the values
of the charged fictive sources are calculated, thus
K

2 ∑ q ¢k
k =1

U

, ......................... (17)

where U − voltage between the conductors A.
Apart from this method, capacitance per length
unit can be calculated by the integration of electric
214

(19)

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

Values S1 and S 2 are respectively

C¢ =

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

normalized capacitance per length unit can be
determined as

and the module is
dz
=
dw

dΦ
,
dw

Two-wire line of a rectangular cross-section
is presented in Fig. 1. For the line dimensions
a b = 2, a h = 1, r0 b = 0,1, a = 2 cm we obtain values
of the unknown coefficients Cn / h , a and β . After
the above procedure has been completed the unknown coefficients of the mapping functions of
level (4) are as follows:
Table 1.
The unknown

Values of the unknown
0.5154255702046239
-0.5633261446939906
0.0482303509395406

Cn
h

0.0825232427608977
-0.0594518027364616
-0.0138416860612915
-0.0055548393754571

a [ rad ]
β[ r a d ]

-0.0067135293519631
0.4858588585453741
2.2537902625815221

Thus the mapping function is determined using the parameters (3) which constantly, point by
point, performs mapping of the rectangle which
limits the left conductor cross-section to a unit
circle in the w − plane, as shown in Fig 4.
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Table 3
modif.
method
1.843709
0.394350
1.781416

1.483802

CSM
1.767881
0.355659
1.781416

1.243499

modif.
method
1.843720
0.394396

1.483942

CSM
1.877811
1.356302

modif.
method
1.843732

CSM
1.868951

1.781359

C¢
e

0.375567

EA

Figure 5 presents the graph of the normalized
electric field value on the conductor surface, based
on the results in Tab. 2

modif .
method
0.6908
1.0250
0.2724

1.2736

CSM
0.7110
1.2570
0.8842
0.2528

0.6907
1.0250
0.2724

1.2735

CSM
0.6863
1.2887

modif .
method
0.6909
1.2738

CSM

0.9308

U

0.2577

ED h

1.0252

U

0.2724

EC h

0.6873

U

1.2845

EB h

0.8808

U

M = 50

0.2579

Valuet
EA h

modif .
method

M = 20

M = 10

ED

1.781359

plane wi , w j and w k can be determined, applying
the above procedure (8). In this manner we get a
complex potential function (10) with the electric
field intensity (13).
Values of the field intensity in the points A, B,
C and D for the capacitances per length unit are
presented in Tables 2 and 3, calculated according
to the charge simulation method and the modified
charge simulation method.
Table 2

EA

1.483967

Then, the position of the fictive charges in w −

0.394400

EC

1.781725

Figure 4. Rectangle shape

1.281512

EA

M = 50

0.375351

EB

M = 20

1.781725

Value

M = 10

Figure 5. Field intensity graph on the conductor
surface
The results in Tab. 2 suggest that more stable
solutions for the field intensity can be given by the
application of the combined method, therefore it
is recommended as more suitable than CSM. This
is particularly in case of smaller spacing between
the conductors whereby the speed effect is notably
pronounced (which can be observed in Table 4 for
a b = 2, d a = 0, 05, a h = 1, a = 2 c m i r0 b = 0, 01
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Table 4
modif.
method
1.109925
0.015644
13.877858

0.126383

CSM
1.678848
0.013829
13.877857

0.141253

modif.
method
1.113157
0.015767

0.127312

CSM
2.215551
0.201719

modif.
method
1.174298
0.136427

CSM
3.127528

13.724747

C¢
e

0.014150

EA

13.724726

ED

0.016916

EA

13.030623

EC

0.320249

EA

M = 50

0.015909

EB

M = 20

13.030579

Value

M = 10

Figure 6 shows the graph of the normalized
electric field value on the conductor surface (given
for the dimension in Table 4).

suitable, easy and accurate for utilization in engineering. Since the capacitance of lines declines
with the increase in the distance between conductors, approximately by the rule of single-branch
hyperbola, it is possible to present its normalized
approximate value as
¥

C ¢a n = ∑ a n x − n
n=0

where
Can¢ =

Ca¢
e

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

,

whereby x denotes a normalized distance between line conductors. The unknown coefficient
of the level a n is obtained by the method of the
smallest squares at the approximation interval
where ‘accurate values’ of the normalized capacitance per length unit are known. As the obtained
results suggest, in the first three members the effective error is less than 10− 2 at the approximation
level. Therefore, approximation patters for the
normalized capacitance per length unit is
C ¢a n ≈ a 0 +

a 1 a2
+
x x2

. ..................... (19)

whereas the effective error at the approximation level is
 C ¢a n i
 1 −
∑
C ¢n i
i =1 
=
I
I

g ef f





2

. ................. (20)

where - C ¢n = C ¢ e is normalized accurate value
of capacitance per length unit; and
- I number of approximation knots.
Figure 6. Field intensity graph on the conductor
surface

For the example above, the proposed solution
to the approximate capacitance per length unit
yields the following results:

Approximate expressions for the
capacitance per length unit
The obtained results infer that for the capacitance per length unit it is possible to obtain approximate patterns for its calculation which are
216
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Conclusions

2.651

2.398

2.215

2.627

2.385

2.220

1.2

3.033
3.025

1.0

3.709

Can¢

3.734

0.8

5.441

0.6

Cn¢

5.437

0.4

d

x=
a
a
=1
h

0.2

Table 5.

a
=2
b

As the results above suggest, in terms of accuracy, MFI is quite reliable for the calculation
per length capacitance of two-wire lines, whereas
the modified fictive sources method is primarily
recommended for obtaining steady results in field
intensity, particularly in cases of small spacing between conductors and sharp edges.
Reference

Figure 7. Graph Cn¢ and Can¢
Table 6.
a
b

a
=1
h

x=

d
a

C¢ e

1.5

1,34 +

1, 2 2 0, 05
− 2
x
x

2.0

1,35 +

1, 09 0, 05
− 2
x
x

2.5

1,35 +

1, 0 11 0, 0 6
− 2
x
x

3.0

1,36 +

0,9 6 0, 0 6
− 2
x
x

3.5

1,36 +

0,9 2 0, 0 6
− 2
x
x
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Golden Section and the
Biological Time of Human Beings
Ago Omerbasic
Medical Faculty, University of Sarajevo, Bosnia and Herzegovina

For the soul of professor Osman Muftic
Abstract
Based on the mathematics of harmony and
the golden section we divided human life into
10 phases in which rules mathematical harmony
expressed as a number Φ . Recognizing the difference between physical and biological time, we
determined the “step of life spiral” and showed
that the human time flows differently in different
stages of the life: and that the time in old age “run
away”.
Key words: Golden Section, Fibonacci series,
biological time, the mathematics of harmony
Introduction
The fundamental feature of the human organism is its spatial-temporal organization. If we want
to describe the change of state of the system we
use objective, real time of physics that uses astronomical units of time (year, day, month, hour,
second). Although widely used these units provide limited information, which is only valid for
the studied organism and only given conditions of
observation. Living organisms grow and develop
in the logarithmic world where space and time are
measured by logarithmic measures. Therefore, the
study of living organisms, including humans, uses
special units of time, determined on the basis of
a process in this organism. The duration of various processes in living tissue is taken for a unit of
biological time of the organism: mitotic index (the
duration of mitosis during cell division of the organism), %DT (percentage of time for the embryonic development of the organism), Darwin (unit
of pace of evolution), etc.
218

In the basis of each measurement of physical
time, there is a periodic process that comes down
to the circular movement which is constantly going back to the starting point. This physical, objectively measurable time is important in medicine
because it is measured using certain parameters
related to the humans and their place in the world.
But besides this physical time there is also biological time, time that is associated with the flow
of some biological processes. Empirically is established that human life is not flowing evenly
into the different stages of human development
physical time flows differently. “Biological time
is the inner time, connected with a part of space
occupied by living cells of the organism, and it is
relatively isolated from the rest of the Cosmos.”
In the human body occur different periodical processes that could be used to measure time. But periodic feature of life processes cannot be reduced
to moving around the circle, but more moving into
the spiral, where the circulation going, but after
every round, not in the same place, but at a higher
level. We want to show that the height between
the two levels is the same in all circles, namely
that each phase of development of human life corresponds to a spiral and each spiral has a different
height. The height of the spiral is directly proportional to physical time, and a full circle represents
one phase of human life to which corresponds biological time. So to every stage of human life will
correspond to one round, which means that the
biological time of each stage is equal.
Starting from the idea of philosopher Eduard
Sorok that all living systems in which exchange
processes have irreversible character, must follow
the Fibonacci series of development, we divide
human life into stages which are specific numbers
of the Fibonacci series. Following such approach,
with the application of mathematics of harmony,
we can separate the 10 periods in the development
Volume 6 / Number 1 / 2011
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of human life (Table 1). From Table 1 we see that
each phase is characterized by two numbers, (we
call them a crucial points), and all of these numbers are members of the Fibonacci series.
According to A. Stakhov life of adult human
is determined with three break-points, three of
which belong to the characteristic Fibonacci series and meet the Golden Section: 21, 34, 55 (
55 34
=
=1.6 2 ≈ Φ ).
34

21

The first phase of the development of adult human (21-34 years) is a phase of youth, it corresponds
to the ascent of physical and intellectual abilities.
The majority of scientific and artistic achievements
of mankind realized the people in this phase of life,
the greatest warriors belonged to this phase. In a
mature age (phase 34-55 years) the human being is
full of knowledge and transfers it well to others, but
there is fatigue, excessive tiredness due to longtime
work, often accompanied by depression and apathy. The third phase (55-89 years) is a phase of old

age, philosophical design life, of wisdom, slower
reaction. At this stage the humans wants to make
the eternal truth, and are less interested in concrete
problems. These breakpoints in life of adult human
being define its life path.
Human body recognizes these qualitatively different stages of development and restructuring the
vital functions after each turning point, entering
a new phase of development, the human body is
changing, it comes in a qualitatively new situation,
as it is reborn at each stage. And if a human does not
recognize this critical turning point in the development of its body and therefore does not adjust its
life to changing in the organism occurs discrepancy,
mess, disrupted mathematics of the golden section
in the human body. Because of this distortion occurs violence against the organism, depression,
stress, psychological trauma and even death.
Today it is an accepted fact that the development of living systems leads to harmony, not the
chaos, and that every living structure, living sys-

Table 1. Golden stages of human development and typical numbers
Development
phase

Period
of life
(years)

1

0–1

2

1–2

3

2–3

4

3–5

5

Phase
Developmental Typical Ratio of typical
duration
age
numbers
number
(years)
1

-

1

-

1;2

-

1

-

2;3

-

1

-

kindergarten

3;5

-

2

-

5–8

early school
age

5;8

8
= 1.60 ≈ Φ
5

3

3
1
= 0.60 ≈ ϕ =
5
Φ

6

8 - 13

school age

8;13

13
= 1.63 ≈ Φ
8

5

5
1
= 0.63 ≈ ϕ =
8
Φ

7

13 - 21

puberty and
early youth

13;21

21
= 1.62 ≈ Φ
13

8

8
1
= 0.62 ≈ ϕ =
13
Φ

8

21 - 34

youth

21;34

34
= 1.62 ≈ Φ
21

13

13
1
= 0.60 ≈ ϕ =
21
Φ

9

34 - 55

maturity

34;55

55
= 1.62 ≈ Φ
34

21

21
1
= 0.62 ≈ ϕ =
34
Φ

10

55 - 89

old age

55;89

89
= 1.62 ≈ Φ
55

34

-
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baby

Ratio of phase
durations

starting to walk
and talk
self-control,
toilet
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tem, appears as a consequence of the two previous
stages in its evolution:
A n = A n −1 + A n − 2
If we apply this formula to the evolution of human life, at its stage of development, then the value of any turning point is equal to the sum of the
previous two. Also the duration of arbitrary phase

an is equal to the sum of the previous two phases:
a n = a n −1 + a n − 2
If we divide equation (1) with An
1=

A n −1
An

+

An − 2
An

The obtained relations (3) divide the whole, the
number 1, into the two parts whose ratio tends to
the golden section Φ = 1 .
ϕ
A n −1

1=

An

+

An − 2
An

≈ 0.618 + 0.381 ≈ ϕ + ϕ 2

The same law of the golden section and follows
the ratios of individual phases of development
1=

a n −1
an

+

a n−2
an

≈ 0.618 + 0.381 ≈ ϕ + ϕ 2

a n −1
an

+

a n−2
an

=

21 13
+
= 0.6 2 + 0.38 ≈ ϕ + ϕ 2 =1
34 34

In both cases we get complete agreement with
the theoretical results obtained.
Let’s take the development phase for a unit of
biological time (UBT) and bring it into a relationship with the physical time of each phase (Table
2). The first phase is 1 UBT and lasts for 1 year of
physical time (during which the Earth turns around
its axis 365.25 times). The last phase is also 1 UBT,
but it is 12418.5 times that the Earth turns around
its axis, so it is 34 years of physical time. Given that
the same biological time is in both of the observed
phases of human development, a different physical time, human being has the feeling that in this
last phase times running faster. It is similar to other
stages: each developmental stage has the same biological time, but different physical time.
The relationship of biological and physical
time shown in Table 2 is relative: we could fix the
unit of physical time equal for each phase, then
at every stage the biological time will be different
and biological time would be slowed down. Faster
flow of physical time and the slower flow of biological time with the organism aging have been
proved experimentally in medicine. For example:
speed of wound healing decreases the aging, by
aging humans gets tired faster and slower returns
power and work capacity.

From equations (4) and (5) follows the equation
of triunities balance of forces, which some consider
to be the manifestation of trinitarism in the development of living systems (including humans):

1−ϕ −ϕ 2 = 0
Let’s make sure that our data for the characteristic points and durations of characteristic periods
satisfy these relations (Table 1). Assuming that
An = 89, An −1 = 55, An − 2 = 34 then it is
A n −1
An

+

An − 2
An

=

55 34
+
= 0.6 2 + 0.38 ≈ ϕ + ϕ 2 =1
89 89

.

Let’s take for the duration of the periods
a n = 34, a n −1 = 21, a n − 2 = 13 , so we have
220

Figure 1. Biological (blue) and physical (red)
time in different stages of life
Conclusion
We have divided the human life by mathematics of harmony and golden section into ten stages,
which are defined by characteristic numbers, and
Volume 6 / Number 1 / 2011
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Table 2. Tabular presentation of certain phases of human life and the relationship of physical and
biological time in them
phase in
human
development

life period
(years)

number of units
of biological time
(UBT)

number
of years of
physical time

number of
Earth’s rotations
around its axis

the number
of seconds of
physical time

1

0-1

1

1

365.25

31557600

2

1–2

1

1

365.25

31557600

3

2–3

1

1

365.25

31557600

4

3–5

1

2

730.50

63115200

5

5–8

1

3

1095.75

94672800

6

8 – 13

1

5

1826.25

157788000

7

13 – 21

1

8

2922.00

252460800

8

21 – 34

1

13

4748.25

410248800

9

34 – 55

1

21

7670.25

662709600

10

55 - 89

1

34

12418.50

1072958400

all are members of the Fibonacci sequence. The
numbers that delimit each phase, as well as phase
durations are embodied in the golden number of
Φ . Passage of time in humans, we showed as a
spiral, and the radius of each circle is equal and it
corresponds to a unit of biological time, but step
of the spiral (distance of points after making full
turn from places of beginning) is different for each
stage and it represents the physical time. Finding
a quantitative relationship between the biological
unit of time and physical time, we concluded that
at the old age “time flies” and that biological processes are slowed down.

7. G. J. Whitrow: What is Time?- Thames anh Hudson, London 1985.
8. A. Stakhov: The Mathematics of Harmony- from
Euclid to Contemporary Mathematics and Computer Science, World Scientific 2009.
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Abstract

the most popular scientist among the masses. His
name and benevolent character, bit lucid, ragged
old men, have become synonymous with genius.
American Journal TIME in late 1999 declared Albert Einstein for a figure of the Century 21). For his
work in physics he has received numerous honors,
awards, honorary titles, etc. In each of Einstein’s
biography states that he received the Nobel Prize
for Physics. Seen from today’s perspective, when
Einstein’s name begins mentioned already in primary education and makes the foundation stone
in building the modern picture of the world, when
his name is associated with the final work on the
building of classical physics, while simultaneously
laying the foundation for a completely new building in science, it seems the normal that the Swedish
Academy of Sciences, with great pleasure rushed
to award Nobel Prize as the highest award in science, to Einstein immediately after publication of
his works. Yet, the historical facts were quite different: Einstein was awarded only after 63 recommendations / nominations to the Nobel committee in 13
years, the Nobel Prize (Table 1). He received the
award 17 years after the “magnificent trio in 1905”
and 11 years after the General Theory of Relativity,
“theory that shook the world” 24). Today, this seems
strange and incomprehensible. We will try, by tracing historical events, to understand the reasons why
members of the Nobel Committee waited, were
hesitant to award this prize to Einstein.
Let us look at first, which year, and for which
work, proposed to the Nobel Committee of the
Swedish Academy of Sciences to award the Nobel
Prize to Einstein.

Einstein- Nobel Laureate after 63 Nominations
Since quite a long time, the picture of Albert
Einstein has become a symbol of knowledge, of
magically attractive complexity of modern physics. There has never been any other scientist that is
so glorified, praised and honored; there has been
no scientist with such a popularity like Einstein, he
is a matchless phenomenon in history of science.
There have been other great persons in science,
owing to whom human thinking has been developing (We may even say- persons maybe greater
than Einstein!), who have traced new directions of
thinking, but the phenomenon of Einstein’s glory
is really very special. He became a legend even
during his life, universally acknowledged scientist
of the world, the symbol of science itself.
However, a more detailed analysis of his glory’s history leads to surprising turns- not only that
he did not become popular immediately after publishing of his works (1905), but he was severely
criticized and repeatedly belittled for many years.
In this work, we have tried to put some light
to the reception of Einstein’s ideas in physics via
refusal of the Nobel Committee, for several years,
to award him with the Nobel Prize.
1. All his nominations
Albert Einstein is one of the greatest scientists
of all time, while series of circumstances made
that “long-haired father of relativity” is certainly
Table 1. Number of nominations by years
Year
No. of
nominations
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1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922
1

-

4

3

2

-

1

3

6

5

8

13

17
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1910. W. Ostwald, who won the Nobel Prize in
Chemistry for the previous 1909, was the first
who recommended Einstein for the Nobel
Prize. Ostwald mentioned the special theory
of relativity as “the biggest step forward in
creating new concepts in physics after the law
of preservation of energy” 4). The nominated
candidates in the field of physics the Nobel
Committee has divided into groups, to
facilitate choice. Einstein has been placed in
group of theory and mathematical physics,
together with the Gullstrand, M. Planck and
H. Poincare. Einstein was not selected, the
prize for the 1910 got Johannes Diderik van
der Waals, from another group of physicists,
“for works that contain the equations of the
aggregate states of the gases and fluids” 22).
1911. Einstein was not nominated this year, the prize
for physics got W. Wien, “for the discovery of
the laws of thermal radiation” 22).
1912. That year the Nobel committee has received
four recommendations for Einstein.
Ostwald reiterates its recommendation and
again proposed Einstein for the Nobel Prize
for Physics in 1912, primarily for the special
theory of relativity, “the theory that liberates
mankind from thousand year restrictions”
4)
. Besides Ostwald, this year to the Nobel
Committee Einstein was recommended by:
E. Pringsheim, C. Schefer, and W. Wien.
Pringsheim wrote in the recommendation:
“I am convinced that the Nobel Committee
rarely had the opportunity to award a prize
for such an important work” 4). This year’s
among nominated physicists was classified
in the group theoretical physics together
with O. Heaviside, H.A. Lorentz, E. Mach,
and M. Planck. He did not pass. For the
1912 prize for physics was awarded to
experimentalists N. Dalen. While W. Wien
proposed that the prize should be shared
between Einstein and Lorentz.
1913. Ostwald writes for the third time a
recommendation
which
emphasizes
that Einstein’s contribution to science is
comparable to the Copernicus and Darwin
Volume 6 / Number 1 / 2011

. Besides Ostwald recommendation to the
Nobel Committee for selection of Einstein
was sent by W. Wien and Naunin (in the field
of medical disciplines). This year, together
with H.A. Lorentz, W. Nernst, M. Planck
was classified in the group of theoretical
physics. The award received H. KamerlinghOnnes “for testing the performance of the
body at low temperatures, and for obtaining
liquid helium” 22).
4)

1914. Naunin for works on the theory of relativity,
diffusion and gravity. Recommendations to
the Nobel Committee for Einstein are also
arriving O.D. Hvol’son with explanation
that the Einstein’s role is enormous in the
development of the vast number of areas
of theoretical physics 4). He was placed in
the group of theoretical physics and works
of predominantly philosophical nature,
together with R. Eötvös, E. Mach, and M.
Planck. The award is given to the theoretical
physicist Max von Laue “for the discovery
of X-ray diffraction by crystals” 22).
1915. Einstein was not nominated, a Nobel Prize
for Physics this year was shared by G.
Bragg and L. Bragg (father and son Bragg!)
“for an important contribution to the study
of crystal structure using X-rays” 22).
1916. Einstein to the Nobel Committee for 1916
proposes only F. Ehrenhaft from Vienna for
works related to Brownian motion, and the
special and general theory of relativity. Nobel
Committee placed him in the molecular
physics group, together with P. Debye, M.
Knudsen, H. Lehmann and W. Nernst. Prize
for Physics in 1916 was not awarded.
1917. This year, Einstein was proposed to the
Nobel Committee as first W. de Haas,
for the new theory of gravity (stating
Einstein’s explanation for Mercury
perihelion rotation). Apart from de Haas
recommendations of Einstein to the
Swedish Academy give: E. Warburg (for
works in quantum physics, relativity and
gravity), and P. Weiss. It is believed that the
223
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Weiss letter of recommendations to Nobel
Committee was the best recommendation
that Einstein ever got. Weiss listed in a
letter the Einstein’s papers in statistical
mechanics, special theory of relativity,
postulate of light quant, the theory of
photoelectric effect, theory of specific
heat. He also mentions Einstein’s work in
the field of experimental physics in which
Einstein and de Haas in 1915 experimentally
determine the gyromagnetic relationship
for the electron. Nobel Committee now
has to deal with a scientist who has been
nominated several times by a number of
famous people and about Einstein referred
to as “the famous theoretical physicist” 4)
which highly respect his works, but points
to some experimental difficulties: at the
Mount Wilson Observatory has not been
confirmed shift of spectral lines towards
the red, which follows from Einstein’s
general theory of relativity. So the Nobel
committee decides not to propose Einstein
to the Academy for selection. In 1917 he
was in a group of candidates with N. Bohr,
P. Debye, W. Nernst, M. Planck, and A.
Sommerfeld. The group was made up of
physicists who worked on the “fruitful
Planck papers relating to his quantum
hypothesis” 4). This year the prize was not
awarded, but the following year (1918) for
the 1917 prize received Ch. Barkla “for the
discovery of characteristic X-rays” 22).
1918. Recommendations for Einstein renewed
E. Warburg and F. Ehrenhaft. W. Wien and
M. von Laue proposed to the Committee
to share the award between Lorentz and
Einstein’s works relating to the special
theory of relativity 4). Edgar Meyer from
Zurich recommended Einstein for a Nobel
Prize by mentioning his work on Brownian
motion, specific heat and gravity. Stephan
Meyer from Vienna, suggests Nobel
Committee to award Einstein for his
theory of relativity. Opinion of the Nobel
Committee is the same as a year earlier: there
is no solid experimental confirmation of the
theory of relativity 4), so Einstein cannot be
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proposed for adoption to the Academy. This
year Einstein was with N. Bohr, F. Paschen,
M. Planck and A. Sommerfeld in a group of
quantum physics in the nomenclature of the
Nobel Committee. The award was given
to M. Planck, “for the discovery energy
quantum” 22), and was given next year
(1919).
1919. E. Warburg, E. Meyer and M. von Laue
updated their recommendations to the Nobel
Committee. Also proposed for the work on
Planck’s general theory of relativity because
it is “made a step further than Newton”4). S.
Arrhenius proposed Einstein for his theory
of Brownian motion. Nobel Committee
discusses all of Einstein’s works, declare
it as the great theoretical physicist, but
refuses to forward the candidacy of the
Academy to vote. The main reason cited is
a lack of experimental evidence of a general
theory of relativity, and decide to wait for
the results of observing solar eclipses on
May 29, 1919. Besides him, in group of
theoretical physicists have been included:
M. Knudsen, H. Lehmann, M. Planck, J.
Perrin, Svedberg, and Gouyi. The prize was
awarded to J. Stark for “the Doppler effect
in channel rays and the splitting of spectral
lines in electric field” 22).
1920. In this year renewed his recommendation
renews E. Warburg, and then Einstein was
proposed by Waldeier-Gartz and Ornstein,
citing primarily the general theory of
relativity. Lorentz, Julius, Zeeman,
Kamerlingh-Onnes, in a joint letter to the
Nobel Committee write that the Einstein
is one of the greatest physicists of all time
4)
, and specifically mentioned his general
theory of relativity, and confirm the theory
in predicting the correct rotation of Mercury
perihelion. N. Bohr warmly recommended
Einstein for the Nobel Prize, citing his
contributions to physics: the theory of
Brownian motion, photoelectric effect,
theory of specific heat, special relativity,
and general theory of relativity. Nobel
Committee, on the proposal of Arrhenius
Volume 6 / Number 1 / 2011
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concludes that the theory of relativity has
not yet been experimentally verified, and
that “... at given time the theory of relativity
cannot be a candidate for reward” 4). With
Einstein are N. Bohr and A. Sommerfeld in
a group of mathematical physics. Awarded
was awarded Sh. Guillaume for his
“discovery of the Invar alloy” 22).

Gullstrand will prepare a paper on the
theory of relativity, and S. Arrhenius will
study all the material on the photoelectric
effect and submit a report to the Committee.
Both reports were negative and it certainly
does not speak in honor of the Swedish
Academy of Sciences! Gullstrand, who was
actually an ophthalmologist, and we think
that not even could understand the Einstein
far-reaching thought, writes in his report
that the Nobel committee was Einstein’s
theory of relativity is still doubtful, and that
it should wait for a new, safer experimental
confirmation. Arrhenius also writes a
negative report in which he expressed his
opinion that it was not for the fact that the
Einstein award prize for the photoelectric
effect because it has been recently (1918)
to M. Planck is given prize for quantum
physics? After all, according to Arrhenius,
when the award is granted and the
photoelectric effect is supposed to get some
experimental physicist. Based on these two
reports by the Nobel Committee decided
not to propose Einstein for Nobel Award.
With Einstein, in a group of mathematical
physics, were also proposed N. Bohr and
A. Sommerfeld. Nobel Prize for Physics in
1921 was not awarded.

1921. M. Planck again sends its recommendation
to the Nobel Committee for selection of
Einstein. Planck’s recommendation is
a short, energetic and clear: Einstein is
a physicist who has charted new paths
in physics, he deserves the Nobel Prize.
Then, de Haas and Warburg again propose
Einstein. Followed by a letter from
Dellenbach, Jaffe, Marx, G. Nordström,
Wolcott, O. Wiener in which they propose
to the Swedish Academy Einstein, the
great theoretical physicists, especially for
his work on the general relativity. 4) J.S.
Hadamard proposed Einstein for the theory
of Brownian motion, quantum theory and
relativity theory. T. Lyman suggested by
Einstein’s recommendations “for his role in
the development of mathematical physics”
4)
. Ozeen proposed Einstein for the theory
of photoelectric effect. A. Edington its
recommendation based on the general
theory of relativity, and states that “Einstein
is now what Newton was in relation to
his contemporaries” 4). After so many
recommendations (and thus of significant
recommendations for Einstein!) Nobel
committee decides with particular attention
to study all the recommendations. For this
purpose, two members of the Committee
were tasked to study all the related work
for which Einstein was nominated. Alvar

1922. Nobel committee this year gets as many
as 17 letters of recommendations for Einstein. Proposed his: Ehrenhaft, Hadamard,
M. von Laue, E. Meyer, S. Meyer, Naunin,
Nordström, Warburg, de Donder, Emden,
Wagner, Langevin, and Poulton. Great
recommendation for Einstein to the Nobel
Committee sent Sommerfeld. Recommendation repeated Ozeen, primarily for the
photoelectric effect. Brillouin in his recom-

Table 2. Number of nominations for specific areas
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mendation of the Swedish Academy says:
“Imagine that the general mood of the public to be fifty years later, when Einstein’s
name is not on the list of laureates”. 4) M.
Planck proposes to the Swedish Academy
the exit from the crisis in the following
way: Nobel Prize should be awarded to A.
Einstein for the 1921, and N. Bohr for the
1922. Nobel Committee selects the Gullstrand again to write a paper and pick up
all the opinions on the theory of relativity,
and so comes out with a proposal before the
Committee, and instead to chose the Arrhenius theoretical physicists Ozeen refers to
the Committee on the photoelectric effect.
Guldstrand stays true to his last report: the
theory of relativity is experimentally verified and cannot be subject to award. Ozeen
was before the Committee gave an analysis
of Einstein on the quantum of light from
the 1905, and work from the 1909 on the
fluctuations of radiation energy in absolutely black body. These works in themselves deserve the Nobel Prize. The Committee recommends that the Academy of
Einstein’s candidacy for the previous year,
1921 Swedish Academy, on the proposal
of the Nobel Committee, on November 10
1922 awarded the Nobel Prize to Einstein
for physics for the 1921 “... for Theoretical Physics, especially for his discovery of
the law of photoelectric effect “ 4). Nobel
Prize in Physics for the 1922 was awarded
the Nils Bohr for “the merit in studying the
structure of atoms” 4). Thus, the Academy
has accepted the proposal of the Planck and
Einstein also awarded for the last 1921 and
Bohr for 1922.
2.  Award ceremony of Nobel Prize to
Einstein
Stockholm, Swedish Academy of Sciences,
November 10, 1922.
Nobel Laureate S. Arrhenius, Chairman of the
Nobel Committee for Physics of the Royal Swedish Academy of Sciences, on behalf of the Acade226

my, awarded Einstein the Nobel Prize for Physics
for the previous 1921 and at that time said:
“Today there is probably no living physicist
whose names are as familiar as the name of Albert Einstein. The main discussions taking place
about his theory of relativity. It essentially relates
to epistemology and has therefore been the subject of lively debate in philosophical circles. It’s
no secret that the famous philosopher Bergson in
Paris challenged that theory, while to it other philosophers heartily applauded. This theory has also
astrophysical implications which are now rigorously tested.
During the first decade of this century in the
center of attention of physicists was so called
Brownian motion. Einstein in 1905 found the kinetic theory which describes this motion, and it
originated from knowledge about the main characteristics of the suspensions ... which grew into a
large branch of science, colloidal chemistry.
The third group of studies, for which Einstein
received the Nobel Prize, fits into the framework
of quantum theory that in 1900 was founded by
M. Planck. ...to the scene comes Einstein with his
work on the specific heat and the photoelectric effect. ... Einstein’s law of photoelectric effect is very
thoroughly checked by American physicist Millikan with his students and he brilliantly passed
the test. The main consequence of Einstein’s research was the development of quantum theory
and the formation of extensive literature that has
demonstrated outstanding value of the theory.
Einstein’s law became the basis of quantitative
photochemistry in the same way as Faraday’s law
became the basis of electrochemistry.” 20)
Einstein was already ten years ago was one of
the most famous physicists, but the Nobel Committee refused to grant him the prize. He must have
been nominated 63 times (as no one else!) to be
awarded. Why? Finally, when he was awarded the
prize in 1922, why it was stated that him winning
the award for the theory of photoelectric effect, not
the theory of relativity, which has brought fundamental changes in the physical opinion? Most nominations Einstein got his theory of relativity (special
and general theory of gravity) (Table 2).
Today it is difficult to talk about the reasons that
prompted members of the Nobel Committee to reject Einstein’s candidacy. From today’s perspective
Volume 6 / Number 1 / 2011
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it is not possible to understand. Presenting some
little-known historical details, we will try to shed
light on this mystery in the history of physics.
Alfred Nobel in his Testament wrote that one
part of the reward “grant to a person who makes
the most important discovery or invention in the
field of physics”. In other words, this means that
the prize for physics is received mostly by experimentalists. Therefore, the Nobel Committee interpreted the wish of Alfred Nobel with some “width”
award can be obtained and the theoretical physicists, if their findings encourage the development
of experimental physics. Einstein’s paper on the
photoelectric effect, in terms of Nobel’s testament,
had the primary significance because it is directly
related with the experiment. As for the theory of
relativity, as a fundamental theory, which opens
a new page in science, its fundamental character
in that time to many people had not been clear.
On the other hand, there are still opinions that we
cannot talk about Einstein’s special theory of relativity, but only on special relativity, because other
physicists before Einstein prepared the ground
(such as H.A. Lorentz and H. Poincare) 1).
It must be borne in mind that the Nobel Committee received also negative opinions about Einstein (P. Lenard, Nobel Prize winner: “... the theory of relativity is a Jewish fraud and lying work ...”
6)
. H. Bergson, French philosopher, whose influence was so great then, was a major opponent of
Einstein’s conceptions of space and time. Louis de
Broglie, speaking at the celebration of the 100-anniversary of the birth of H. Poincare said: “Only
a little is needed and that H. Poincare, and not A.
Einstein, be the first come to a complete theory of
relativity ... However, the glittering success of Einstein gives us the right to forget that the problem
of relativity was earlier deeply analyzed by Poincare brilliant mind and is just Poincare made a
decisive contribution to the future solution of this
problem. Without the Lorentz and Poincare Einstein could not achieve his success”.1)
“It may seem strange that Einstein won the Nobel Prize for his work on the photoelectric effect,
and not the theory of relativity. It appears that the
Committee wanted to award prizes for each case
to avoid complications that could arise from the
Einstein antirelativistic opponent, and there was
among his colleagues and among the countrymen.
Volume 6 / Number 1 / 2011

Certainly, his work on the photoelectric effect, like
others, was significant enough to be awarded the
Nobel Prize to Einstein even if he never created
the theory of relativity”. 20)
In the first paper from the 1905 (“Uber einen
die Erzeungung ...”) Einstein introduced the hypothesis of light quant (which would later be called
photons) and thus able to quantitatively explain the
occurrence of the photoelectric effect. Starting from
the Einstein relation Robert Millikan in 1910 experimentally prove the correctness of Einstein’s theory
of the photoelectric effect: determine the value of
Planck’s constant, which match with Planck original value. Already this was enough for the Nobel
Committee to award the prize to Einstein.
3.  Relativity before Einstein: The role of
Lorentz, Poincare and others
Physicists who have studied the history of
relativity theory agree that before Einstein was
prepared the ground for changing the perception
of physical space and time 2). Even the Valdmer
Voigt (1887) in his paper “Uber das Prinzip Dopplerche”, and Joseph Larmor (1898) (“Aether
and Matter”), came to terms that would later be
known as the Lorentz transformations, but their
work remained forgotten because they are not accompanied by proper physical interpretation, they
were just nice mathematical transformations 8).
Later this transformation will occur in the work of
H.A. Lorentz, G. Fitz – Gerald, H. Poincare and
A. Einstein.
H.A. Lorentz and independently G.F. Fitz-Gerald (1892) sums up the opinion that the body in the
direction of its motion to the air contracts, reduce,
which then allows to explain the negative result of
Michelson-Morley experiment, the crucial experiment for the emergence of the theory of relativity. Lorentz continues these works, and in 1904 in
journal Amsterdam Proceedings (no. 6th 1904, pp.
809) published: “Electromagnetic phenomena in
a system moving with any velocity smaller than
of the light.” So he got transformations connecting the coordinates of the system which is idle and
the system in relation to him, moving with speed
v. Poincare would later call these transformations
the Lorentz transformation. Einstein claimed that
227

technics technologies education management

he did not know about this work of Lorentz, or
Poincare works.
The famous French mathematician H. Poincare published three papers on the theory of relativity: the first two under the same title, “Sur la
Dynamique de l electron” (in the journal Comptes
Rendenes de l Academie des Sciences de Paris
1905 and 1906 in the journal Rendiconti del Circolo Matematico di Palermo. The third work of
Poincare, “La dinamique de l electron,” was published in 1908. Poincare continues Lorentz work
from 1904 and elaborates in detail the dynamics of
electrons 8). Poincare clearly formulated the principle of relativity, which he called “the postulate
of relativity”. Obtained the Lorentz transformation, mathematically processes them, and proves
that the rotation in space make up the group. Corrects an error made by the Lorentz in transformations for the density of charge. But Poincare these
transformations considered only as mathematical
constructions and maintain Newtonian conception
of absolute space and time. 1)
Large role in the development of Poincare relativity theory we see from the following historical
details: Poincare was already in the work from
1906 warned that the Lorentz transformations can
be understood as an “imaginary rotations”. To
this conclusion later came H. Minkowski trying to
round up mathematical theory of special relativity
by introducing the fourth coordinate x4 = ict and
thus exceeding the pseudo euclidean geometry
to the 4-d space 15). Poincare had all the correct
mathematical relationship between the theory of
relativity, as well as Einstein, but in the interpretation has not abandoned the Newtonian concept of
absolute space and time. Einstein made great step
forward with new thoughts.
The problem of negative results of MichelsonMorley experiment Einstein discusses more general: it rejects the hypothesis of ether, introduced
the principle of constancy of the speed of light,
and believes that the laws of physics are the same
in all inertial reference systems (the principle of
relativity). From these two principles of Einstein
gets transformations that are completely identical
to Lorenz. Lorentz first got this transformation,
but Einstein abstract mathematical equations
give them a clear physical meaning. These are for
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Einstein the real physical values which describe
the physical size of the real space and time, rather
than auxiliary mathematical variables (Lorentz,
Poincare). Perhaps the greatest contribution of
Einstein to the theory of relativity is the notion
that the simultaneity of two events, which are spatially distant from each another, is a relative term,
dependent on the system of observation.
It is interesting that Einstein himself gives different (even contradictory!) statements about the
role and impact of the Michelson-Morley experiment on the development of the theory of relativity. One says: “... undoubtedly the Michelson
experiment had a significant impact on my work,
“ and a second time, “Michelson-Morley experiment had a negligible impact on the discovery of
relativity theory”. 18) Taking as true the claim that
Einstein did not hear about the Lorentz work, historians of science are considered more important
than Einstein’s work than Poincare because he independently came to the Lorentz transformation,
while Poincare continues Lorentz work. However,
it is undisputed that only Einstein gives a correct
physical interpretation of these transformations,
thus making a decisive breakthrough. His interpretation of space and time became the basis for
the opinion of modern physics.
Lorentz will in 1916th write: “... the underlying cause of my failure is that I was tied to the idea
that only the variable t can be considered the true
physical time, and local time t, which I introduced,
just as arbitrary mathematical quantity”. 25)
1911th Poincare Einstein wrote a recommendation for a teaching job which is very flattering
expressed, from which it is understandable that he
accepted Einstein’s ideas about the relativity of
the real space and time.
Einstein himself, two months before his death,
will say: “Remembering the history of the development of special relativity, we can say with certainty
that its discovery in the 1905 has been prepared.
Lorentz had already known that the transformation
(which later got his name) play a decisive role in the
analysis of Maxwell’s equations, and the Poincare
further developed this idea. As for me, was known
only the basic work of Lorentz from 1895 but I was
not familiar with his later works”. 1)
Among the members of the Nobel Committee
was not a physicist who could understand fundaVolume 6 / Number 1 / 2011
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mentals of theory of relativity, so they had to rely
on the opinion of other physicists, face these opinions and then decide. In this situation, the Nobel
Committee was particularly guarded of errors:
rewarded only those works that had experimental
confirmation. But the special theory of relativity,
which Einstein published in 1905 already, had experimental confirmation as well as recommendations of great physicists. On November 6, 1919
the Royal Society and Royal Astronomical Society
in London presented a secure confirmation of Einstein’s general theory of relativity. The session was
opened by the Royal Society’s president, physicist
Sir J. Thompson, by the words of praise for Einstein: “... it is one of the greatest achievements in
the history of human thought. ... This is the biggest discovery in connection with the gravity since
the time when Newton published his Principia”. 5)
Session was attended by Alfred North Whitehead,
who wrote: “I had the great fortune to attend a
meeting of the Royal Society in London when the
royal astronomer of England, Sir F. Dyson announced that the photographic plates with images of the famous solar eclipse, as measured by
colleagues at the Greenwich Observatory which
confirmed Einstein’s prediction that light rays are
deflected when passing by the Sun. The whole atmosphere was filled with exactly the same as prestressed interest in depicting the Greek drama. 5)
“After publishing the results of the Royal Society,
Einstein’s reputation went through the roof (just
unheard of!) increased: from November 1919 until October 1920 Einstein gained worldwide fame.
“Around him the crowd created a life-threatening
situation, because many people kissed his hand
and a piece of clothing” 6) (Einstein’s opponents,
the so-called antirelativists are derisively called
that “mass hypnosis theory of relativity”. 3)
4.  Einstein’s attitudes toward Nobel
Committee
Einstein had already in 1905 had a prominent
place among colleagues, and later gained worldwide fame (1919) and became the most popular living physicist in the world. He has for long
hoped on the Nobel Prize. It can be seen from his
promise, as early as January 1919 during the diVolume 6 / Number 1 / 2011

vorce with his first wife, Mileva Maric from Serbia
that the part of the cash prizes (when it gets them!)
will give to her and the children. 4), 6) Einstein was
certainly offended by delaying of the Nobel Committee. His revenge to them was in his own way:
Nobel Committee has in discretion in the fall of
1922 let Einstein know that he will be rewarded
(S. Arrhenius over M. von Laue to Einstein said
that “the Swedish Academy of Sciences wants Einstein’s presence in Europe in December 1922” 4)).
Einstein, in response, went on months-long trip
to Japan! In this way he avoided to personally receive the award, but he was later given through
diplomatic channels. The custom of the Swedish
Academy is that each laureate, at the award ceremony, held lecture on the subject for which the
prize is won. Einstein was only in July 1923 held
in Gothenburg a lecture on “Fundamental ideas
and problems of the theory of relativity”. So he
gave a lecture on the subject for which the Nobel
Committee did not want to give an award (along
with numerous “explanations”), in his lecture he
did not even mention the photoelectric effect, for
which he was awarded the Nobel Prize.
5. Einstein papers from 1905 (“Annus
Mirabilis”) in the Annalen der Physik
“Über einen die Erzeungung und Verwandlung
des Lichtes betreffenden heuristischen Gesichtspunkt” (“On a heuristic point of view concerning
the creation and conversion of light”), Annalen
der Physik, 1905, b. 17, pp. 134- 148.
“Über die von der molekulartheoretischen
Theorie der Wärme geforderte Bewegung von in
ruhenden Flüssigkeiten suspendierten Teilchen”
(“On the motion of small particles suspended in a
quiet fluid from the standpoint of molecular-kinetic theory of heat”), Annalen der Physik, 1905, b.
17, pp. 549- 560.
“Zur Elektrodynamik bewegter Korper”
(“With the electrodynamics of moving bodies”),
Annalen der Physik, 1905, b. 17, pp. 891- 921.
“Ist die Tragheit eines Kerpers von seinem Energieinhalt abhanging?” (“Does the inertia of the
body depend on its energy?”), Annalen der Physik,
1905, b. 18, pp. 639- 641.
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“The theory of relativity can be in a picturesque
manner be compared with building which was
built in 1905, where the roof is completed in 1916
and preening from then until today. It will surely
be another change in the future. It might get a different front, perhaps it will have change in interior
decoration. But the walls of the building will stand
as long there is a human thought “.
T. Petković, 8)
6.  Who won the Nobel Prize in physics
before Einstein?
To make this story of a Nobel Prize awarding to
Albert Einstein, unusual and surprising, and completed, it seems convenient to recall who won the
Nobel Prize in physics before Einstein, and with
which explanation.
1901. W. K. Röntgen (for the discovery of rays,
which were later called by his name),
1902. H. A. Lorentz (for the study of the effect of
magnetism on radiation processes),
P. Zeeman (for the study of the effect of
magnetism on radiation processes)
1903. H. A. Becquerel (for the discovery of
spontaneous radioactivity),
P. Curie (for research of radiation),
M. Curie- Sklodowska for research of
radiation)
1904. J. W. S. Rayleigh (for research the density
of gaseous elements and the discovery of
argon),
1905. Ph. Lenard (for research of cathode rays),
1906. J. J. Thomson (for theoretical and
experimental studies on passing of
electricity through gases),
1907. A. A. Michelson (for construction of
precision optical instruments and their
application in spectroscopy and metrology),
1908. 1G. Lippmann (for method of color
photography),
1909. G. Marconi (for wireless telegraphy),
K. F. Braun (for wireless telegraphy),
1 In 1908 E. Rutherford, physicist received Nobel Prize in
chemistry for research in transforming elements and the
chemistry of radioactive substances.
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1910. J. D. van der Waals (for works that contain
equations of aggregate state of gases and
liquids),
1911. 2W. Wien (for discovery of the law of
thermal radiation),
1912. N. G. Dalen (for discovery of automatic
regulators in the implementation in gas
generator of light arcs),
1913. H. Kamerlingh- Onnes (for research of
objects properties at low temperatures, and
obtaining liquid helium),
1914. M. von Laue (for the discovery of X-ray
diffraction by crystals),
1915. W. H. Bragg (for important contributions to
the study of crystal structure using X-rays),
W. L. Bragg (for important contributions to
the study of crystal structure using X-rays),
1916. No prize was awarded,
1917. Ch. G. Barkla (for discovery of the
characteristic Röntgen radiation),
1918. 3M. Planck (for the discovery of energy
quant),
1919. J. Stark (for the discovery of the Doppler
Effect in channel rays, and the discovery
of the effect of splitting of spectral lines in
electric field),
1920. Ch. E. Guillaume (for the discovery of
anomalies in nickel-steel alloys which
has led to improvements in precision
measurements),
1921. 4A. Einstein (for the discovery of the
photoelectric effect law and his work in the
field of theoretical physics)
1922. N. Bohr (for merit in studying the structure
of atoms and the radiation they emit).

2 In 1911M. Curie - Sklodowska won the Nobel Prize for

chemistry (as her second!) (for finding radium in a metal
state).
To M. Planck Nobel Prize was awarded next year, 1919.

3
4 Einstein received Nobel Prize in 1922 but for the
previous year 1921.
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7. Conclusion
The work contains a presentation of all Einstein’s
nominations for the Nobel Prize, their number in
each year, names of scientists who wrote those recommendations and their reasoning there under.
Short historic details are included, as well, concerning works in the field of relativity before Einstein, opinions of distinguished scientists of the
time regarding Einstein’s theory, as well as Nobel
Committee’s arguments for refusal (10 times) and
eventually acceptance of his nomination (1922).
Referrences
1. V. A. Ugarov: Specialjnaja teorija atnasiteljnosti,
Nauka, Moskva 1977.
2. W. Pauli: Theory of Relativity, Pergamon Press,
1958. (Ruski prijevod: Teorija otnositeljnosti,
Nauka, Moskva 1983.
3. F. Herneck: Albert Einstein, BSB B.G. Teubner
Verlagsgesellschaft, Leipzig, 1979.
4. A. Pais: How Einstein got the Nobel prize, Amer.
Scientist. 1982, vol. 70, No. 4, pp. 358- 365. (Ruski
prijevod u: Ejnštejnovskij sbornik 1982- 1983,
Nauka, Moskva 1986.
5. P. Frank: Einstein, njegov život i njegovo doba,
Naprijed, Zagreb 1959.
6. Armin Hermann: Einstein. Der Weltweise und
sein Jahrhundert, © 1994 R. Piper GmbH & Co.
Kg, München (postoji i srpski prijevod: Ajnštajn,
gorostas nauke i njegovo stoljeće, Fakultet za
fizičku hemiju Univerziteta u Beogradu, Institut za
nuklearne nauke Vinča, Beograd 1998.)
7. M. Mlađenović: Koraci otkrića prirode, Gradina,
Niš 1991.
8. T. Petković: Albert Einstein- čovjek i djelo, u
knjizi: Moderna eksperimentalna fizika i spoznajna
teorija, Školska knjiga, Zagreb 1990.
9. R. Highfield, P. Carter: The Private Lives of Albert
Einstein, Faber and Faber, London- Boston, 1994.
10. Albert Einstein: philosopher- scientist, edited by
P. A. Schilpp, Cambridge University Press, 1970.

12. A. Einstein: Moj pogled na Svijet, Izvori, Zagreb
1991.
13. A. Ajnštajn: Moja teorija, Stylos, Novi Sad 1998.
14. S. Weinberg: Dreams of a Final Theory, 1995.
(hrvatsko izdanje: U potrazi za konačnom teorijom, Izvori, Zagreb 1997.
15. M. Born: Einstein’s Theory of Relativity, Dover
Publications, Inc. New York, 1965.
16. B. Hoffmann: Relativity and its roots, Scientific
American Books, 1987.
17. S. Goldberg: Poincare’s Silence and Einstein’s
Relativity, The British Journal for the History of
Science, vol. V, No. 17, 73 (1970)
18. G. Holton: Einstein, Michelson and the “Crucial”
Experiment, Isis, 60, Part 2, No. 212, pp. 133197, 1969.
19. S. W. Hawking: A Brief History of Time, 1988.
(hrvatsko izdanje: Kratka povijest vremena, Izvori, Zagreb 1996.)
20. Einsteinova opća teorija relativnosti, G. Tauber
(ed.), hrvatski prijevod, Globus, Zagreb 1984.
21. Time: Person of the Century, December 31, 1999.
22. J. A. Hramov: Fiziki- biografičeskij spravočnik,
Nauka, Moskva 1983.
23. H. Poincare: Sur la dynamique de l,electron, (u
knjizi: O dinamike elektrona, k rabotam Anri
Puankare, urednik A. A. Logunov, Izdateljstvo
moskovskovo univerziteta, Moskva 1988.
24. Ch. Nordmann: Einstein i Svemir, Naklada
hrvatskoga prirodoslovnoga društva, Zagreb
1924.
25. A. I. Miller: Albert Einstein’s special thery of relativty. Emergence (1905) and early interpretation
(1905- 1911), pp. 466, N. Y. Addison- Wesley
1981.
		 Corresponding author
		 Ago Omerbasic,
		 Medical Faculty,
		 University of Sarajevo,
		 Bosnia and Herzegovina,
		 E-mail: agoomerbasic@gmail.com

11. R. W. Clark: Einstein. The Life and Times, The
World Publishing Company, New York and
Cleveland, 1971.
Volume 6 / Number 1 / 2011

231

technics technologies education management

Instructions for the authors
All papers need to be sent to email: ttem_bih@yahoo.com,
Every sent magazine gets its number, and author(s)
will be notified if their paper is accepted and what is the
number of paper. Every corresponedence will use that
number. The paper has to be typed on a standard size
paper (format A4), leaving left margins to be at least 3
cm. All materials, including tables and references, have
to be typed double-spaced, so one page has no more
than 2000 alphanumerical characters (30 lines). Sent
paper needs to be in the form of triplicate, considering
that original one enclosure of the material can be photocopied. Presenting paper depends on its content, but
usually it consists of a page title, summary, text references, legends for pictures and pictures. Type your paper
in MS Word and send if on a diskette or a CD-ROM.
Title page
Every article has to have a title page with a title of no
more than 10 words: name (s), last and first of the author
(s), name of the instituion the authors (s) belongs to,
abstract with maximum of 45 letters (including space),
footnote with acknowledgments, name of the first author or another person with whom correspondence will
be maintained.
Summary
Second page needs to contain paper summary, 200
words at the most. Summary needs to hold all essential
facts of the work-purpose of work, used methods (with
specific data, if possible) and basic facts. Summaries
must have review of underlined data, ideas and conclusions from text. Summary has no quoted references. For
key words, at the most, need to be placed below the text.
Central part of the article
Authentic papers contain these parts: introduction,
goal, methods, results, discussion and conclusion. Introduction is brief and clear review of problem. Methods
are shown so that interested a reader is able to repeat described research. Known methods don’t need to be identified, it is cited (referenced). Results need to be shown
clearly and legically, and their significance proven by
statistical analysis. In discussion, results are interpreted
and compared to existing, previously published findings
in the same field. Conclusions have to give an answer to
author’s goal.

mended. Only published articels (or articles accepted
for publishing) can be used as references. Not-published
observations and personal notifications need to be in text
in brackets. Showing references is as how they appear
in text. References cited in tables or pictures are also
numbered according to quoting order. Citing paper with
six or less authors must have cited names of all authors;
if seven or more authors’ wrote the paper, the name
of the first three authors are cited with a note “et all”.
If the author is unknown, at the beginning of papers
reference, the article is named as “unknown”. Titles of
the publications are abbreviated in accordance to Index
Medicus, but if not listed in the index, whole title of the
journal has to be written.
Footnote-comments, explanations, etc., cannot be
used in the paper.
Statisticial analysis
Tests used for statistical analysis need to be shown in
text and in tables or pictures containing statistical analysis.
Tables and pictures
Tables have to be numbered and shown by their order, so they can be understood without having to read
the paper. Every column needs to have title, every measuring unit (SI) has to be clearly marked, preferably in
footnotes below the table, in Arabian numbers or symbols. Pictures also have to be numbered as they appear
in text. Drawings need to be enclosed on a white paper
or tracing paper, while black and white photo have to be
printed on a radiant paper. Legends next to pictures and
photos have to be written on a separate A4 format paper.
All illustrations (pictures, drawings, diagrams) have to
be original and on their backs contain illustration number, first author last name, abbreviated title of the paper and picture top. It is appreciated if author marks the
place for table or picture. Preferable the pictures format
is TIF, quality 300 DPI.
Use of abbreaviations
Use of abbreviations has to be reduced to minimum.
Conventional units can be used without their definitions.

References
Quoting references must be in a scale in which they
are really used. Quoting most recent literature is recom232

Volume 6 / Number 1 / 2011

