Vol. 9, No. 1, 2014.

ISSN 1840-1503

T TE M

TECHNICS TECHNOLOGIES EDUCATION MANAGEMENT

JOURNAL OF SOCIETY FOR DEVELOPMENT OF TEACHING AND BUSINESS PROCESSES IN NEW NET ENVIRONMENT IN B&H

Impact Factor 0.414 (ISI Journal Citation Reports 2012)

EDITORIAL BOARD

Editor
Secretary
Technical editor
Cover design
Lector
Lector

Dzafer Kudumovic
Nadja Sabanovic
Eldin Huremovic
Almir Rizvanovic
Mirnes Avdic
Adisa Spahic

Members Vilko Ziljak (Croatia)
		 Slobodan Kralj (Croatia)
		 Marin Milkovic (Croatia)
		 Davor Zvizdic (Croatia)
		 Joza Duhovnik (Slovenia)
		 Janez Dijaci (Slovenia)
		 Ivan Polajnar (Slovenia)
		 Tadeja Zupancic (Slovenia)
		 Milan Medved (Slovenia)
		 Jelena Ivanovic Sekularac
		(Serbia)
		 Nebojsa Vidanovic (Serbia)
		 Venceslav Grabulov (Serbia)
		 Hasan Hanic (Serbia)
		 Zijah Burzic (Serbia)
		 Amir Pasic
		 (Bosnia and Herzegovina)
		 Vesna Maric-Aleksic
		 (Bosnia and Herzegovina)
		 Avdo Voloder
		 (Bosnia and Herzegovina)
		 Samir Causevic
		 (Bosnia and Herzegovina)
--------------------------------------Address of the Sarajevo,
Editorial Board Bolnicka bb,
		 phone/fax 00387 33 640 407
		ttem_bih@yahoo.com,
		http://www.ttem.ba
Published by
Volume 9

DRUNPP, Sarajevo
Number 1, 2014

ISSN

1840-1503

e-ISSN

1986-809X

Impact Factor

0.414

		 (ISI Journal Citation Reports 2012)

Table of Contents
A comparison of numerical prediction and the
experimental dynamic behavior at transient
regimes of hydropower plant....................................................................3
Viktor Iliev, Predrag Popovski, Zoran Markov

Finite element analysis of axial fan blade with
different thicknesses based on experimental data................................11

Ali Zare, Naeim E. Ahmadi, Ali Najafzadeh,

Stability of granular material during elasto-plastic
deformation under triaxial stress states.................................................16
Selimir V. Lelovic

A new bicycle frame design via stress and
structural weight analysis with finite element method........................25
Ilker Eren, Yilmaz Gur, Ziya Aksoy

Design and evaluation a new class of codes
with non-zero cross correlation for spectral
amplitude coding optical CDMA systems..............................................30
C. B. M. Rashidi, S. A. Aljunid, F. Ghani, Hilal A. Fadhil,
M.S. Anuar

Morphological leaf-variability of the genus
Juniperus at different altitudes of the mountain
Kopaonik...................................................................................................39
Predrag Vasic, Zoran Krivosej, Tatjana Jaksic,
Danijela Prodanovic, Darko Dubak

Management decisions in crisis times:
a gender perspective.................................................................................43
Alonso-Almeida María del Mar , Bremser Kerstin

The assessment of drivers’ behaviour when
using railroad crossings...........................................................................50
Tihomir Djuric, Vahid Djozo, Djordje Popovic, Goran Milosevic

BSC methodology to improve operations at
Hydro Power Plants on the Trebisnjica.................................................60
Rada Kucinar, Slavko Arsovski, Predrag Pravdic

Making of composite-color maps using landsat
tm 5 satellite images ................................................................................69
Dragan Stevic, Slavisa Tatomirovic

Exploring innovation domains and innovation
capacities of Chinese key disciplines......................................................79
Wang Yi, Wu Xiao-Wei,

Open pit mining technology selection by
multicriteria analysis of decision making process................................86
Cvjetko Stojanovic, Dejan Bogdanovic, Snezana Urosevic

Strategic priorities, measures and instruments necessary
for the development of underdeveloped municipalities.......................95
Edita Kastratovic, Goran Kvrgic, Milan Dragic,
Vesna Cilardzic, Lidija Miletic

Table of Contents
The role and the importance of management
in the international business.................................................... 103

Mehmed Avdagic, Aleksandra Pusara,
Ljubomir Miljkovic , Maja Radic, Dzevada Avdagic

SC receiver in the presence of a-m fading and
co-channel interference..............................................................110

Dragana Pavlovic, Dušan Stefanovic,
Caslav Stefanovic, Milos Peric, Mihajlo Stefanovic

The future of Bosnia and Herzegovina
in the future of Europe..............................................................116

Mirko Pejanovic

Development of the strategic management
of the higher education institutions
(on example of the German universities)............................... 124

Myroslava Hladchenko

Strategic value of the partnership for
organizational learning............................................................. 136

Lidija Stefanovska, Viktor Mitrevski,

Introducing environmental aesthetics in
architecture university curriculum: two case studies.......... 145

Marija Milinkovic, Dragana Corovic

Using simulation-based method in teaching
students to use FIDIC recommendations and
EUROCODE ............................................................................. 156

Bojana Draskovic, Aleksandar Milajic,
Dejan Beljakovic, Goran Pejicic

Course evaluation and classification by using
fuzzy MCDM and clustering analysis ................................... 162

Safak Kiris, Ozden Ustun, Derya Deliktas

Association rules mining: An analysis
on student grades....................................................................... 172

Mehmet Ali Alan

Analysis of students drop out by using data
mining methods.......................................................................... 179

Ahmet Tekin, Murat Karabatak

An integrated method of product design cost ...................... 189

Jiang-long Wu, Kun Zhai, Bing Wei, Witold Pedrycz

The effects of activities based on the
multiple intelligence theory of students’
conceptual learning and their retention:
A case of circle and cylinder..................................................... 197

Ramazan Gurbuz, Osman Birgin, Hakan Catlioglu

Full time university students’ flipped teaching
as a way for Higher education reforms:
a glance from Russia................................................................. 206

Anastasia Atabekova, Alexandr Belousov,
Rimma Gorbatenko

Impact of the economic crisis on the Euro
exchange rate fluctuation......................................................... 213

Goran Popovic, Novak Kondic

The ontological model of a training course
creation module......................................................................... 222

Alexander Aleksandrovich Rybanov,
Lidiya Aleksandrovna Makushkina

Inclusive teaching mathematics in primary schools ........... 229

Fatih Destovic, Amina Delic - Zimic

Adaptability of work equipment............................................. 236

Janez Kusar, Tomaz Berlec, Lidija Rihar,
Marko Starbek

Instructions for the authors..................................................... 246

technics technologies education management

A comparison of numerical prediction and the
experimental dynamic behavior at transient
regimes of hydropower plant
Viktor Iliev, Predrag Popovski, Zoran Markov
“Ss. Cyril and Methodius” University, Faculty of Mechanical Engineering - Skopje, Macedonia

Abstract
Study the dynamic behaviour of a hydropower plant is a necessary prerequisite for ensuring
safety and defining the guaranteed control values,
such as allowed increase of the rotational speed
(runaway) and allowed increase of the pressure
(head) in the hydraulic system (water hammer).
This paper presents modelling, simulation, verification of the results using field measurements
and finally, analysis of the dynamic behaviour of
the hydropower plant with two 40MW vertical
Francis turbines units during transient regimes including unsteady process in the hydraulic system
and their rotational inertia characteristics. The reliability of the computation is confirmed by comparison of the computational results with experimental data obtained.
Key words: hydropower plant, transient regimes, runaway, water hammer, field measurements, numerical simulation.
1. Introduction
Hydropower plants have relatively steady power
output in the electric power system and therefore,
units (turbine+generator) are more often working at maximum power, load changes and a large
number of start and shut-down of the units. The accurate definition of the dynamic behaviour of the
power plant and its units, taking into account various aspects of operation is an essential requirement
for the design, performances and control of hydropower plants (HPPs). During switching from one
operation regime of the HPP to another, unsteady
processes in intake and tail water structures are initiated changing the dynamics of the unit.
This paper focuses on the dynamics of units
and hydraulic components of a hydropower plant,
the so-called safety parameters of control, in parVolume 9 / Number 1 / 2014

ticular the allowed increase of the rotational speed
(runaway), the allowed increase of the pressure
(water hammer) and closing/opening time of the
guide vanes. The case study of the HPP operation
presented here investigates two units with vertical Francis turbines each with rated capacity of 40
[MW] and flow rate of 50 [m3/s]. Numerical modelling and computation of the dynamic behavior
of the power plant is performed using commercial
software. The reliability of the computations is
confirmed by verification using experimental data
obtained with field measurements.
2. Modeling of hydropower plant
A complete model of the hydropower plant with
all corresponding elements is shown in Figure 1.
The HPP consists of the following hydraulic components: upstream reservoir (accumulation), gallery, surge tank, penstock, valve, Francis
turbine(s) and downstream reservoir (tailrace).
Technical characteristics of the hydropower plant
are given in Table 1.
3. Modeling of the hydraulic components
The mathematical (numerical) models of basic
components of the power plant such as:
– pipe
– surge tank and
– Francis turbine
are presented here in more detail.
3.1. Pipe model
Mathematical model for unsteady flow in pipe
is obtained using a one-dimensional approach of
modelling with conservation laws for mass flow
3
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Figure 1. Layout of the hydropower plant
Table 1. Characteristics of HPP (rated values)
Upstream reservoir

Gallery

Surge tank

Penstock

Turbine

Generator

Hmax=109 [m]

L=98 [m]
D=5.0 [m]
λ=0.02
а=1050
[m/s]

AS = 19.6 [m2]
Аt = 8.8 [m2]
HSmax= 40 [m]
(Figure 3)

L =220 [m]
D=5.0/3.1[m]
λ=0.02
а=1020 [m/s]

H0=92 [m]
n0=300 [min-1]
Q0=50 [m3/s]
P0=40 [MW]
J0 = 30 [tm2]

JG=1500
[tm2]

(continuity equation (eq. 1)) and momentum (motion equation (eq. 2)). These two equations set for
elementary particle in hydraulic pipes (Figure 2),
are as follows [1]:
............................ (1)

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

The hyperbolic set of equations (1) and (2)
are quasi-linear hyperbolic functions and can’t be
solved with a general analytical solution, but given initial and boundary conditions, can be calculated numerically, often using a finite differences
method (characteristics method) [2].
Velocity of the pressure surge (wave speed)
through the system is calculated according to following equation [1]:

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

3.2. Surge tank model
Figure 2. Elementary particle of hydraulic pipe
with length dx

4

Surge tank dynamic model describes the inlet
head losses and water level oscillations (the amplitude Z and the period T). In this research, a
throttled surge tank is used (Figure 3). Dynamic
Volume 9 / Number 1 / 2014

technics technologies education management

equations for surge tank are presented with the following equations [3]:

ments of the HPP. The turbine’s water passage in
particular (Figure 4).

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

and

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

Figure 4. Model of Francis turbine
The head (pressure) fluctuations in hydraulic
installations initiated from the turbine are represented as [5]:

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

Figure 3. Trottled surge tank model
3.3. Francis turbine model
Changing loads in the electric power system
(transient regimes) initiate unbalanced condition
between turbine’s and the generator’s moments,
thereby increasing the rotating speed.
Dynamic equilibrium (balance) of the moments
and masses of rotating parts of the unit is given using the following equation [4]:
.......................... (6)
One-dimensional approach for modelling of
the pipeline through the continuity equation and
motion equation can be extended to other eleVolume 9 / Number 1 / 2014

where: ΔH are the head fluctuations between two
point of computation, CQ is discharge turbine coefficient computed from turbine characteristics and
expressed as function of guide vane opening and
discharge value, QA and QB are the discharge values in the previous step from the computation and
momentary discharge, D is turbine runner diameter.
Characteristic (hill chart) of a Francis turbine is
presented in Figure 5.
The speed factor n11, discharge factor Q11 and
torque factor M11 [4] can be defined as function of
guide vane position а0 using this chart:

......................................... (8)
Turbine discharge control is performed by closing/opening of the guide vanes. Opening of the guide
vanes is defined by its absolute size a0 (Figure 6) or
by the non-dimensional characteristic gv = а0/а0max.
5
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Figure 7. Guide vane normal closing law

Figure 5. Characteristic curve of the Francis
turbine
Figure 8. Guide vane normal opening law

Figure 6. Opening of guide vanes
The guide vane normal closing law is shown
in Figure 7, the guide vane normal opening law is
shown in Figure 8, and the guide vane closing law
after load rejection is shown in Figure 9.

6

Figure 9. Guide vane closing law after load
rejection
4. Case study
The following transient simulation scenarios of
the hydropower plant (Table 2) are presented in
this paper:
For numerical simulation of the transient regimes is performed using the WHAMO software
Volume 9 / Number 1 / 2014
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Table 2. Transient simulation scenarios
Steady regime
Case 1
Case 2
Case 3
Case 4

P0 [MW]
32.5
0 to 37.0
Unit 1# 30.0
Unit 2# 40.0
40.0

Transient regime

Q0 [m /s] H0 [m]
37.25
95.10
0 to 42.0 94.50
32.00
97.13
44.40
96.40
3

44.40

96.20

gv [-]
0.55
0
0.58
0.64

gv [-]
0
0.62
0
0

0.64

0

package. First, the minimum time step Δt needs
to be determined for the iterative calculation. This
time step is determined from the Lewy-Courant
criteria [6], that is Cr<1:

tgv [sec]
Figure 5-б
Figure 6-а
12.5 [s]
closed linarly
12.5 [s]
closed linearly

Time step iteration
Δt [sec]
0.001
0.001
0.001
0.001

where n0, H0 and a0max are rated values for rotational speed, head at the inlet of turbine and guide
vane opening.

............ (9)
Numerical model of HPP defined in the WHAMO software are presented in Figure 10.
5. Numerical simulations and verification
of the computation results
The results from numerical simulation are presented in Figs. 11, 12, 13 and 14, using non-dimension characteristics:

Figure 11. Results of the computation and measurements for head (pressure h=H/H0) at the inlet
of turbine 1 (Case 1)

Figure 10. Numerical model of HPP
Volume 9 / Number 1 / 2014
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Figure 12. Results of the computation and measurements for head (pressure h=H/H0) at the inlet
of turbine 1 (Case 2)

Figure 15. Result of the computation for head z
(oscillation) in the surge tank
The operating point trajectory in the plan
Q11(n11) for turbine 1 during the load rejection for
case 4 are shown in Figure 16.

Figure 13. Results of the computation and measurements for α, h and gv for Unit2# (Case 3)
The head z (oscillation) in the surge tank for
case 4 are shown in Figure 15. The maximum oscillation in the surge tank is HS = 11[m] < HSmax.

Figure 16. Operating point trajectory in the plan
Q11(n11) for turbine 1 during the load rejection

Figure 14. Results of the computation and measurements for α, h and gv for Unit2# (Case 4)
8

The comparison of the results from numerical
computation with experimental data [7,8] obtained
is presented in Table 3.
By comparing the simulation results with experimental data for cases 1) and 2), the following
can be concluded:
Volume 9 / Number 1 / 2014
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Table 3. The comparison of the results
Measurements
αmax [-]
1.0
1.0
1.366
1.417

Case 1
Case 2
Case 3
Case 4

hmax [-]
1.063
0.963
1.391
1.527

Computation
αmax [-]
1.0
1.0
1.325
1.43

– the steady state conditions (before the
transient regimes occur) are predicted with a
error of 0,1%, which is extremely accurate;
– the time evolution of the heads differ for
approximately 5%;
– the time of occurrence of the head peaks are
at a good agreement;
– the amplitudes (min/max) of the head are at
even better agreement;
– and finally, the error of the time of occurrence
of the head amplitudes (max/min) is 2,5%.
The corresponding comparison for cases 3) and
4) shows that:
– the maximum amplitudes (water hammer)
at the turbine are in a very good agreement
(the error is 2.8%);
– and results for the maximum increase of
rotational speed of the turbine (runaway)
have a discrepancy of 3%.
Generally, by comparing of the results (table 3)
it can be concluded that it showed high accuracy
which contains small discrepancies in the range
from 0 to 3%. While this should be taken into account the values of these discrepancies contain the
errors of the numerical model and computation, as
well as accuracy (error) in the measurements.
In order to identify the origin of the discrepancies, the initial steady state conditions of discharge, net head and power obtained by simulation is compared to the measured values on site.
The comparison is presented in Table 4.

hmax [-]
1.056
0.958
1.352
1.52

Error
α [%]
/
/
-3.00
1.10

hmax [%]
-0.7
-0.55
-2.80
-0.50

Based on the measured values for the initial
steady state conditions is performed calibration
of the numerical model of HPP. From table 4 can
be concluded that the selected numerical model
shows the discrepancies for discharge and power,
while net head shows good agreement.
The error of the discharge and power is probably due the differences of the turbine characteristics between the scale model and the prototype.
The error on the amplitude of the waterhammer
is probably also due the differences of the turbine
characteristics that strongly influence the overpressure of the load rejection of the unit.
6. Conclusions
This paper presents modelling, simulation and
analysis of the dynamic behavior of the hydropower
plant with two 40 [MW] units with vertical Francis
turbines during transient regimes including unsteady
processes in the hydraulic system and rotational inertia characteristics of the units. Computation and
analysis of the dynamic behavior of the hydropower
plant during four different transient scenarios is performed. The reliability of the numerical simulation
is confirmed by comparison of the computational
results with experimental data obtained.
By comparing the results it can be concluded
that modern software packages for numerical simulation of the transient regimes represent a reliable
tool for modeling and computation of different
configuration of hydropower plants and working
conditions of units.

Table 4. Initial steady state conditions
Test
Case
A
B
C

Measurements
Hn [m]
96.77
96.12
100.35

Q [m3/s]
51.23
42.7
29.85

Volume 9 / Number 1 / 2014

P [МW]
46.17
40.00
30.00

Computation
Hn [m]
96.62
96.37
100.00

Q [m3/s]
51.57
43.54
31.45

Error [%]
P [МW]
45.40
40.73
29.67

Hn
-0.15
0.26
-0.35

Q
0.66
1.96
5.36

P
-1.66
1.82
-1.10
9
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The performed computation will contribute
to a much more accurately determination of the
following parameters in the design of new hydropower plants:
– Accurately determine the guide vane closing
law after load rejection,
– Accurately determine the guide vane normal
closing/opening law,
– Accurately determine the safety control
parameters i.e. allowed increase in the
rotational speed(runaway) and allowed
increase of the pressure(head) in the
hydraulic system (water hammer),
– Accurately determine the rotational inertia
characteristics of the units,

Q11 [-] discharge factor
T [s] period		
t [sec] time
tgv [sec] guide vane closing time
z [-] number of guide vanes
α [-] runner speed non-dimensional characteristic
δ [m] thickness of the pipe wall
Δx [-] length
Δt [-] time step iteration
ηT [-] turbine efficiency
λ [-] friction factor (Darcy-Weisbach)
ρ [kg/m3] water density
ω [rad/sec] rotating speed

Thus greatly increasing safety and reliability in
the design and construction of new power plants
and plants with similar hydraulic configuration.

1. Wylie EB, Streeter VL. “Fluid Transients”. University of Michigan, 2001.

7. Nomenclature
a0 [mm] absolute opening of guide vanes
A [m2] cross section
a [m/s] wave speed
CQ [-] discharge coefficient
Cr [-] Lewy-Courant number
D [m] diameter
E [N/m2] young’s modulus of the pipe wall material
g [m/s2] gravity [m/s2]
gv [-] guide vane opening non-dimensional characteristic
h [-] piezometric head non-dimensional characteristic
H [m] piezometric head
Ј [kgm2] mechanical inertia of turbine and generator
K [N/m2] bulk modulus of the liquid
k [-] hydraulic loss coefficient
kt [-] damping coefficient
L [m] length
M11 [-] torque factor
M [Nm] torque
n [min-1] runner speed (rpm)
n11 [-] speed factor
p [Pa] pressure
P [W] power
Q [m3/s] discharge
10
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Finite element analysis of axial fan blade with
different thicknesses based on experimental data
Ali Zare1, Naeim E. Ahmadi2, Ali Najafzadeh2
1
2

Science and Engineering Faculty, Queensland University of Technology, Brisbane, Australia,
Department of Mechanical Engineering,Universiti Tenaga Nasional, Kajang, Malaysia.

Abstract
Nowadays, improving energy efficient systems
is one of the most controversial and significant
global focuses. However, this trend in the field of
engineering concentrates on the optimization of
the existing technologies more than implementing
new ones. Meanwhile, fans are one of the potent
devices to be more efficient. Improvement in fan
efficiency can be achieved by reducing material
that is used in the fan blades. Due to this, decreasing the blade’s thickness leads to a decline in the
amount of used materials in the blade design and
manufacturing. In fan designing, Factor of safety
should be considered as this factor will be affected
by varying the airfoil thickness. This paper attempts to analyze the factor of safety in an axial
fan blade with different thicknesses by the use of
finite element method. Due to this, axial fan blade
with NACA5514 airfoil that is made by Aluminum 6061-T91 will be analyzed to find the correlation between the factor of safety and thickness
in various pressure loads. The load values are determined by the experimental test.
Key words: Axial fan blade, finite element
method, thickness, Factor of Safety, stress analysis, NACA airfoil
1. Introduction
A revolution in the 19th century introduced a
belt-driven fan in which wooden or metal blades
were attached to the shaft. One of the first mechanical fans was built in 1832 and it was tested
in coal mines. Further, developed fans have been
utilized in diverse fields based on their applications [1]. These developments have been applied
in various parts of the fan such as blades within
which the twist angle and the shape of the cross
section are of primary importance.
Volume 9 / Number 1 / 2014

An airfoil is a streamline shape of cross section. The shape of the airfoil plays a very crucial
role in the performance of its applications. It can
reduce the flow turbulence and increase efficiency
of the application. Airfoil cross section can be utilized in various areas such as a fan blade, airplane
wing, and turbine.
As it is illustrated in Figure 1, the distance between blunt leading edge (LE) and trailing edge
(TE) is called chord (C), and the angle between
the chord and the relative air velocity is called the
angle of attack (α) [2].

Figure 1. Airfoil shape of cross section. Source:
Adopted from Fan Handbook: selection, application, and design [2]
National Advisory Committee for Aeronautics
(NACA) is the most famous one in developing
airfoil shapes of airplane wings, fans, and turbine
blades since 1930. The “NACA” followed by four
digits is called NACA 4_digit series. Each digit
represents a specific characteristic of the airfoil.
The first digit defines the maximum camber in
hundredth of airfoil length. The second one specifies the distance of maximum camber of the airfoil
from the leading edge in tens of chord length. The
last two digits indicate maximum thickness of the
airfoil in a hundredth of the chord length [3, 4].
Nowadays axial flow fans are mainly utilized for
cooling and ventilation purposes. In order to have a
11
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more efficient cooling and ventilation applications,
the fan structure and its performance under certain
conditions are very critical. Due to this, reducing
the weight of the blade by decreasing the airfoil
thickness is recommendable. This reduction may
cause a failure in the blade; therefore, it must be
controlled by the factor of safety (FOS). FOS can
be achieved by the maximum of Von Mises stress
in whole the blade. Changing the airfoil thickness
leads to changes in the type of NACA series.
As it was mentioned, the last two digits indicate maximum thickness of the airfoil in a hundredth of the chord length. So, by changing the
airfoil thickness, these two digits will change and
consequently, NACA5514 airfoil will be changed.
A plethora of scholarly research has been conducted in the area of designing the axial fan blade.
Furthermore, several research has been done to optimize the blade thickness by utilizing various evolutionary optimizing techniques. Some works that
form the background for this research are as follows:
– In 1980, the dynamic stress analysis of
rotating twisted and tapered blades were
studied. The FEM was utilized to calculate
the deformations and stresses. Threedimensional, twenty-node isoparametric
elements were utilized for the analysis.
Further analysis was done on different airfoil
thickness of the blades. The numerical results
were verified by experimental results. [5].
– In 1994, a matrix was developed in order
to determine the effects of airfoil thickness
and maximum lift. Then, the airfoils were
designed and analyzed. Later, the theoretical
analysis of accepted airfoils verified by the
experimental results in the Pennsylvania
State University low-speed, low-turbulence
wind tunnel [6].
– In 2000, an efﬁcient implementation of
the Blade Element and Momentum theory
was utilized to optimize the thickness due
to its reasonable and accurate estimation
of performance. As the BEM theory has
presented an acceptable accuracy with regard
to time cost, it can be considered as a suitable
theory for blade geometry optimization [7, 8].
– In 2005, the effects of airfoil thickness and
maximum lift coefficient on roughness
sensitivity was studied. The study defined
12

that the effects of the roughness sensitivity
on the maximum lift coefficient increase by
increasing the thickness of the airfoil. The
experimental and theoretical results showed
a good agreement [9].
– In 2006, a method by the use of genetic
algorithms was presented to obtain the
optimal thickness and chord length of
the blade in a wind turbine. This method
neglected the assumptions about optimal
attack angle related to the coefficient of lift
to drag ratio [10].
– In 2011, the blade thickness effects on the
performance of an axial fan was studied.
In that study, two fan blades with different
thicknesses were examined. The first blade
was very thin while the second blade was
much thicker. The fan performances were
examined in a test bench designed according
to the ISO-5801 standard. In result, the thin
blade fan had a higher efficiency than the thick
blade. In comparison to the thin blade fan, the
thick blade one has a higher flow rate range
and lower total level of fluctuations [11].
– In 2012, a study has been conducted on
estimating the optimal shape of an axial fan
blade, such as chord length and angle of
twist. At first, numerical calculations were
implemented to design and analyze the
optimal shapes of fan blades with NACA
4-digit series airfoil. The experimental test
validated the accuracy of its estimations
[12]. In addition, in the same year, the
similar optimization of the chord length on
the axial fan blade and wind turbine blade
was done [13, 14].
Fans have several applications in modern life;
therefore, saving energy and material play crucial
roles in their design and manufacturing. Reaching
the global goal of saving energy and material necessitates a close analysis of various variables in
fans. Meanwhile, reducing airfoil thickness leads
to decrease in the amount of material that is used
in the blade manufacturing. However, FOS is a
very important criterion in designing and manufacturing of the fan. The objective of this study is
analyzing the FOS in different thicknesses to find
their correlation.
Volume 9 / Number 1 / 2014
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2. Materials and Methods
In this study, an axial fan blade with the following specifications will be examined. Model Number of the fan is 1250-350-12 (30deg) with the
Impeller Diameter of 1245 mm. Inlet and Outlet
Areas of the fan are 1.2272 m2 and 1.2272 m2. The
fan blade length is 446.5 mm with the cross section of NACA5514. The blade chord length 130
mm with the twist angle of 5°.
The blade is made of Aluminum 6061-T91 with
the Modulus of Elasticity of 69.0 GPa, density of
2.7 g/cc, Poisson’s Ratio of 0.330, and Tensile
Strength of 395 MPa. The pressure load is applied
to the lower surface of the blade.
2.1. Experimental results
Different pressure load values were applied to
the blades. These values achieved from experimental tests, which were done by GT-Gulf (M)
Sdn Bhd company under AMCA standards on
January 10, 2011. The data were achieved from
experimental results of Test No. 27353-A2, which
was named as CONTRACT TESTING – MODEL
No. TFA 1250-350-12. The chord length of the
blade in this test was 130mm. The fan was tested
in a wind tunnel. Based on the experimental data,
the pressure load values were measured in different regions; from free delivery to stall. In this
experiment, the pressure load values vary from 0
kPa to 800 kPa. This pressure applies load on the
lower surface of the blade, which can be considered as a surface pressure.

ABAQU are utilized to solve engineering problems. In this study, ABAQUS software is used to
analyze Von Mises stress in the axial fan blade and
about the constraints used in FEM simulations,
axial fan blade treated as a cantilever beam under
static bending loads.
2.3. Mesh convergence study
A mesh convergence study was done to choose
the optimum mesh number from the computational accuracy point of view. Meanwhile, Von Mises
stress was computed for different types of meshing.
In this type of finite element analysis, Three-Dimensional with HEX type of element are utilized.
In order to get better result in different analysis with ABAQUS software, mesh convergence
study was done in the sample simulations. As it is
shown in Figure 2, by increasing the number of elements, Von Mises stress goes up sharply and then
approximately remains steady. The mesh convergence study was started with 88 elements that increase until 356005 elements. In the first test, Von
Mises stress is 1.15653MPa, which goes up until
1.65723MPa in the last test at 356005 elements. As
it is shown, in 106148 elements, Von Mises stress
stops its sharp increase at 1.63685MPa and keeps
its very slight rise until the last point. As it is shown
in the Figure 2, the point with 106148 elements is a
proper point to be utilized in all simulations.

2.2. Finite element method
The finite element methods (FEM) are techniques utilized for approximating differential
equations to continuous algebraic equations by a
finite number of variables [15]. This method is one
of the most practical ways for analyzing structures
with a large number of degrees of freedom. To
get a more accurate result from FEM, it is recommended to use some software in order to carry out
the numerical computation part. In addition, saving time is another factor which motivates specialists to use software instead of solving problems
manually. Various FEM based software such as
Volume 9 / Number 1 / 2014

Figure 2. Trend line of mesh convergence study
Figure 3 demonstrates a meshed blade with
106148 elements.
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Figure 3. Meshed blade with 106148 elements
3. Result and discussion
Changing the blade thickness leads to a change
in the factor of safety. The first chord length based
on the experimental test is 130 mm and the airfoil
is NACA5514. This study attempts to decrease
the blade thickness to find its correlation with the
factor of safety. Due to this, the last two digits of
NACA5514 are decreased from 5514 to 5501. For
example, Figure 4 presents three NACA airfoils
with different thicknesses.

The Figure 6 shows the non-linear relationship
between the safety factor and the blade thickness.
This non-linear correlation can be determined by
5th order polynomial trend line which is presented
in the figure. The figure illustrated that by increasing the blade thickness, FOS rises up. In addition,
FOS falls by ascending the pressure load. The highest value of FOS is 599.3 that is related to 200 kPa
in NACA5514. The minimum of the FOS is 1.84
that contributes to 800 kPa in NACA5501. In the
highlight area, the FOS has the lowest values which
all related to 800 kPa pressure load. FOS in this
area play very important role in designing and manufacturing of the fan blade. In NACA5502, FOS is
3.484. In addition, FOS is 4.6 in NACA5503. According to the application and condition of the fan,
one of the mentioned airfoil can be selected.

Figure 4. NACA5501, NACA5505, and
NACA5512 airfoils with different thicknesses
The Von Mises stress is a very important value
in the result of ABAQUS software that helps to
find the factor of safety. The Figure 5 shows Von
Mises stress in the axial fan blade with NACA5506
airfoil under 200 kPa pressure load on the lower
surface with the twist angle of 5°. The maximum
of Von Mises stress is 4.88 MPa.

Figure 5. Von Mises stress (MPa) with twist
angle of 5° in NACA5506, deformed shape under
200kPa
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Figure 6. Factor of safety vs. different NACA
airfoils, different thicknesses
4. Conclusion
As the objective of this study was finding the
correlation of the blade thickness with FOS in the
axial fan blade with NACA airfoils, it examined
the mentioned variables by the use of FEM. The
length of the utilized blade in this study was 446.5
mm that was made from Aluminum 6061-T9.
In order to complete this study, the basic concepts related to the axial fan field were elaborated.
Furthermore, a close investigation of previous
studies were done. Then, ABAQUS software was
adopted to simulate the airfoil blade with different
characteristics. The Pressure loads, which were
achieved by experimental tests, were applied on
the lower surface of the blade. They varied from
Volume 9 / Number 1 / 2014
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200 kPa to 800 kPa. Finally, Von Mises stress was
achieved from the simulation result. This value
was utilized to find the factor of safety.
The analysis was done on the different thicknesses. The blade had a 5° of twist angle. The simulation results show that by increasing the pressure
load in a constant thickness, Von Mises stress goes
up while the factor of safety falls. By reducing the
thickness of the blade, Von Mises stress ascents
while the factor of safety descends.
The optimized thickness due to its factor of
safety can be selected according to the condition
and application of the blade.
5. Recommendation for future work
Selecting the best thickness is confined with
some other factors in the fluid flow field such
as CFM, pressure, BHP. According to this, it is
recommended to study these factors in the fluid
flow field by CFD method to analyze the best performance of the fan. In addition, the material of
the blade can be changed. In order to reduce the
weight of the fan blade and increase the mechanical properties of the fan, composite materials such
as FRP can be utilized. This goal can be obtained
by finding the value of these factors and comparing them with the factor of safety to find the optimized geometry and the best material.
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Abstract
Critical point differentiates the stable regime of
plastic deformation, from the unstable regime where
large increments of plastic deformation occur for
small increments in loading. It is possible to look
at the critical point determination as a sign change
in the second derivative of the yield function. Numerical method in determining critical stress in geomechanical material using an iterative algorithm for
different loading paths is presented. The constitutive relationships of the hierarchical single surface
(HISS) model were used to describe the granular material during deformation. In the HISS model, eight
material parameters are required: two for elastic and
six for plastic deformation. Critical stresses under
applied triaxial compression and extension obtained
numerically were compared with published experimental results for Leighton Buzzard Sand. Differences in numerical and experimental methods were
for CTC test 6.2 % and for TE test 3.4%.
Key words: stability, loss of ellipticity, curvature of yield surface, critical loading, numerical
solution
1. Introduction
Stability of deformation for a geomechanical
material under applied load, for defined geometry
and boundary conditions, requires determination
of the load interval where stress-strain properties
have definite values. Loss of material stability
may be considered as initiation of material failure.
From the practical point of view it is important
to determine if for the small increment in stress,
the plastic deformation increment was small
(stable deformation occurred) or large (unstable
deformation occurred). Losing the stability of deformation occurred at the boundary between these
two regimes. The loading condition at the boundary is called the critical loading while material is
called to be in a critical state.
16

The term “stability” is used here as a quasi-static
response of a material under small increments of
displacements. Necessary condition for the stability loss, as well as loss in unique relationship and
appearance of bifurcation is the sign change in the
second derivative of the work function [1-2]. Although from one point of view, Drucker’s postulate
provides a sufficient condition for material stability
[3], some theoretical considerations have suggested
that this is only a necessary condition [4]. Material
instability occurs when ellipticity of the tangent
stiffness matrix is lost. The beginning of unstable
material behavior is connected with bifurcation
point or deviation from the unique solution on the
equilibrium path [5-6]. The onset of localized deformation is often associated with the satisfaction
of the classical discontinuous bifurcation criterion.
The localized deformation phenomena in granular material are very interesting not only from the
experimental point of view but numerical as well.
Now classical results for elasto-plastic continuum
derived from the critical values for the hardening
modulus and corresponding orientation of the so
called shear band were published by Hill, Rudnicki
i Rice and Runesson [7-9]. Static and kinematic
conditions for the onset of slip (shear band) in granular materials were presented in those papers.
Mathematically precise criteria to determine
the critical point position is derived from general
considerations of the values for the tangent of the
material stiffness constants [10-15]. Criteria established in such a way showed to be very useful for
practical applications. Presented methodology was
used by many authors, mostly employing the classical Mohr-Coulomb’s type yield function. Valanis [16] stated assumption that the loss of material
stability should be associated with the limit point
where the tangent stiffness tensor obtains unique
zero value (a zero eigenvalue). Neilsen [17] stated
that the loss of ellipticity criterion which identified
the first bifurcation point should be kinematically
Volume 9 / Number 1 / 2014
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compatible mode for slip formation. Review article by [18] provides a very good overview of the
instability phenomenon in plastic solids.
In this paper, general points about the stressstrain relationship and the critical point deformation
are given first; second two illustrative examples are
given along with published experimental results;
third analysis of the compared differences in critical
loads and at the end are given conclusions.
2. Constitutive equations
In theory of plasticity, rate of deformation and
temperature effects are usually neglected. Such
considerations are called isothermal plasticity. In
this work considerations are restricted to isotermal
(T cons. > 0) . The displacement of a
processes=
point in the body is characterized by u ( x) , where
x are the rectangular Cartesian coordinates of the
point. Following the assumption of small displacements, the strain-displacement relations are:
1
=
εij
(ui , j + u j ,i ) .......................... (1)
2

where comma followed by an index represents
partial differentation with respect to the corresponding coordinate. Constitutive equations for
plasticity were derived under following assumtions: isotropic material, elastic strain-rate is related to stress-rate by a Hook’s law and defining the
relationship between the increments in stress and
deformation. The yield potential for an isotropic
material is given by the following function:
f= f (σ, q ) ................................ (2)

where q signifies suitable set of internal state
variables for geomaterial (tensor).
The yield condition f= f (σ, q) = 0 defines the
yield surface in the (σ, q) space. Let Q denote the
derivative of the yield surface with respect to the
stress and R the derivative with respect to the internal variable q:
Q(=
σ, q )

∂f
,
∂σ

R (=
σ, q )

∂f
................. (3)
∂q

If P is normal to the yield surface and describes
the flow direction with respect to σ , then if P = Q
Volume 9 / Number 1 / 2014

the plastic flow rule is called associative, where as
if P ¹ Q the plastic flow is called non-associative.
The plastic part of the strain rate is expressed as:
ε p = λP (σ, q ), λ > 0 (4)

where λ is an arbitrary factor of proportionality. The positive sign of λ is due to the fact that
plastic flow involves dissipation of energy. A dot
above the variable denotes the total derivative of
that variable with respect to time which, under the
approximation of small velocites, is the same as
the partial derivative with respect to time.
The dissipative effects which accompany deformation may be accounted for by the use of internal state variables. The rate of change of the q
is represented with a non-linear function h which
includes the state variable σ and the complete internal state q ,
q =λh(σ, q ) ............................... (5)

The infinitesimal macro strain field may be divided in accordance with the following equation:
ε = εe + ε p ................................. (6)

where superscript e stands for the elastic part,
and superscript p denotes inelastic change in a
strain field during which q changes into q + q .
Considering the class of materials whose constitutive behaviour may be idealised as a piecewiselinear relation of the form:
σ= L : ε .................................. (7)

where L is the tangent-compliance tensor of
the material, (:) signifies the dyadic product. One
particular form of the constitutive rate relation (6)
may be expressed as:
=
σ C : (ε -

1
P (Q : σ )) ..................... (8)
R⋅h

where C is the tensor of incremental elastic
moduli, h is the rate of hardening or softening.
The right-hand side of equation (7) may be written
in terms of ε , and compared with equation (6) to
make the following evident:
L= C -

( C : P )( Q : C ) ....................... (9)

Q :C : P - R ⋅h

17

technics technologies education management

If the function f can be expanded in Taylor series to second order around the current values of
the strain and plastic variables, then it can be used
to obtain the following:
f (ε + ε ∗ , q + q ∗ )= f (ε, q ) +
∂f
∂f ∗
: L : ε ∗ +
⋅ q +
∂σ
∂q

(

)

........... (10)
1 ∂2 f
⋅
: L : ε ∗ : L : ε ∗ +
2 ∂σ∂σ
∂2 f
1 ∂2 f
: L : ε ∗ ⋅ q ∗ + ⋅
⋅ q ∗ ⋅ q ∗
∂σ∂q
2 ∂q∂q

(

(

)(

)

)

where all derivatives are evaluated at ε, q . The
variations in ε + ε ∗ may be treated as variations
in ε ∗ , where ε ∗ =ε,u (du ) is the first variation of
the (non-linear) strain-displacement operator ε(u )
with respect to u . The following quantities are defined in order to express equation (10) in a simplified manner:
T (=
σ, q )

∂2 f
∂2 f
∂2 f
, U (=
σ, q )
, V (=
σ, q )
∂σ∂σ
∂σ∂q
∂q∂q

........................................(11)
where T is a symmetric fourth-order tensor, U
is a symmetric second-order tensor and V is a scalar. Now, equation (10) may be written as:

(

)

f = f + Q : L : ε ∗ + R ⋅ q ∗ +
1 2 ⋅ T : ( L : ε ∗ ) : ( L : ε ∗ ) +

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

U : ( L : ε ∗ ) ⋅ q ∗ + 1 2 ⋅V ⋅ q ∗ ⋅ q ∗
The third member in the equation (12) is called
the second basic quadratic form of yield surface.
3. Critical point determination
In the analysis of stability of deformation, the
critical point determination is the central problem.
T, U, V, are the coefficient of the yield surface
f= f (σ, q ) given by equations (11). The normal
curvature of the considered surface could be written in accordance with (12) as:
18

1 T : ( L : ε ∗ ) : ( L : ε ∗ ) + 2U : ( L : ε ∗ ) ⋅ q ∗ + V ⋅ q ∗ ⋅ q ∗
=
2
ρ
Q : L : ε ∗ + R ⋅ q ∗ 



(

)

....................................... (13)
Its sign depends only on the sign of the numerator because denominator is always positive.
There are three possible cases:
1. =
d U 2 - T ⋅ V < 0. ................................. (14)

In the first case, the numerator does not change
sign and curve has the same sign in all possible
directions from the given point. In other word,
normal vectors to the possible cross-sections at
the given point have the same directions. These
points are called elliptical. The sign of the curve
is always positive and towards the coefficient T .
2. =
d U 2 - T ⋅ V= 0. ................................. (15)

The numerator still does not change sign and
the curve has the same sign in all directions, except the one where it is equal to zero. These points
are called parabolic.
3. =
d U 2 - T ⋅ V > 0. .................................. (16)

In this case, numerator changes sign at the given point for different normal vectors. The sign of
the curve can be either positive or negative, with
two directions where the sign is equal to zero.
These points are called the hyperbolic points.
This approach allows the determination of the
value for the critical loading. The complete nonlinear response of an elasto-plastic system defines
its deformation path. Stability will define its allowed deformations. Calculation of discrete points
along the stability path may lead to the change of
the d values in the normal curvature sign. The
condition d > 0 becomes necessary and sufficient
for the stability of deformation. With the analysis
of the stability path around the critical points, the
limiting conditions become directly formulated.
3. Illustrative examples
Different loading paths and constitutive relations from the hierarchical single surface (HISS)
[14] model for granular materials are described in
this section. In order to describe the yield surface,
Volume 9 / Number 1 / 2014
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the stress invariants are introduced (stresses and
strain are chosen as positive in compression):
1
1
I1 =
σ kk , I 2 d =
S S , I 3d =
S S S ......... (17)
2 ij ij
3 ij jk ki

where I1 is the first invariant of the stress tensor and I 2d and I 3d are the second and third invariants of the deviatoric stress tensor.
For most practical calculations second invariant is often is used to define octahedral shear stress
toct as shown in the following relationship:
2
toct
= 2 3 ⋅ I 2d ...........................(17a)

The model is based on general yield potential,
f , for the associative, isotropic hardening plasticity is given by
=
f pa-2 I 2 d - Fb ⋅ =
Fs 0 ....................(18a)

rameters, and pa is atmospheric pressure. Fb is the
basic function representing the shape of the yield
function in the I1 - I 2d space, Fs is the shape
function which represents the shape in the octahedral plane. The hardening relation is given by
a

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

ξ

where a1 and h are material parameters for
the hardening behaviour, ξ is the trajectory of the
plastic strains. The accumulated effective plastic
strain, ξ , is defined by the rate
p

ξ =

eij p eij ............................ (20)

With m = -0.5 for most (geotechnical) materials. Model involves eight constants including two
elastic. Factors such as non associative response,
anisotropy, cycling loading, damage and softening
are not considered. From relationship (18) the explicit expressions for the gradients of yield function are found by diferentation as follows
∂f
= pa-1 Fs  na
∂ σ ij


(

( )
I1
pa

+ pa-2 - 32 mFs

m-1
m

n -1

- 2g

( ) d
I1
pa

)

ij

+

Fb S r I 2-d1 Sij + mFs

m-1
m

Fb Aij

......................................(21a)
∂ f
= - a1hξ - (h +1)
∂ξ

n

( ) F ................. (21b)
I1
pa

s

Figure 1. Yield function HISS (Desai,1986): (a)
in space I1 - I2d ; (b) triaxial plane; (c) deviatoric plane
Where
Fb = -a
Fs=

( )
I1
pa

n

+g

( ) ................... (18b)
I1
pa

2

(1 - bSr )m ..........................(18c)

S r is the stress ratio such that S r =

3
3 3 -2
I 2 d I 3d
2

,
a is hardening function, g and b are material paVolume 9 / Number 1 / 2014

Figure 2. Different loading paths for material
testing
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∂f
= pa-2 Fs  n ( n - 1) a

∂σij∂σ kl
m -1
+ pa-1mFs m  na


( )
I1
pa

n -1

- 2g

{

( )
I1
pa

n -2

( ) ⋅ 
I1
pa

- 2 g  dijd kl +

3
2

-1
SrI 2d
( dijSkl + Sijdkl ) - ( dijA kl + Aijdkl ) +

(

}

)

m -1
-1
-1
-1
-1 
+ 34 mFs m FbI 2d
SrI 2d
5 - 3 ( m - 1) Fs m Sr  SijSkl + 2 Fs m Sr - 1 ( SijA kl + A ijSkl ) - ........ (21c)



(

- m ( m - 1) Fs m FbA ijA kl + pa-2 - 32 mFs m FbSrI -2d1
m -2

m -1

) (d d
ik

jl

- 13 dijdkl ) +

+ 3 2 3 mFs m Fbb I 2d2 dik S jl + Sik d jl - 32 ( Sijdkl + dijSkl ) 
3

m -1

∂ 2f
= -a1hξ - ( h+1)  pa-1n

∂ξ∂σij

( )
I1
pa

n -1

Fsdij +

( )
I1
pa

n

m -1

mFs m

(

3
2

)

SrI -2d1Sij - A ij  ................... (21d)


Table 1. Parameters for HISS model
E[MPa]
103.8

n
0.29

∂2f
=
a1h (h + 1)ξ - (h + 2)
2
∂ξ

b
0.442

g
0.089

n

s

3

(

CTC

The assumption made was that only normal
stresses and σ yy and σ zz designate side stresses.
First, the material was loaded under hydrostatic
pressure of σ 0 = 90 [ kPa ] , when the atmospheric
pressure was pa = 101 [ kPa ] . In this case equation
(15) becomes


h
=
d 2g  n 2
+ n ( n - 1) - 1 ............... (22)
 h +1


Material constants for sand (Leighton Buzzard
Sand) are given in Table 1. Figure 2 schematically
shows different loading paths.
Case # 1: Conventional triaxial compression
(CTC) state. For the CTC state of stress components of the stress tensor and the stress deviator
are as follows

0
0  ...............(23a)
σ0 

2 0 0 
σ xx 
=
S
0 -1 0  ............... (23b)

3
 0 0 -1

)

Aij = 3 23 b I 2-d2 Sik S kj - 32 I 2 d d ij .............. (21f)

stresses exist in this case. σ xx designates axial

0
σ0
0

CTC

Where is introduced following parameter:

m
-0.5

h
0.85

σ0 + σ xx
 0
=
σ

 0

( ) F .............(21e)
I1
pa

a1
0.00018

n
3

Introducing (23) into (21) and substituting this
equation in the (15), leads to:

(1 - 2k )

d=

2

{

1-b
3

4k  
2k 2 


(

pa-2 a12 h2 ξ (
(1-b )

-2 h+1)

)
+ n ( n - 1) a (

- h+ 2
pa-2 a1h( h+1)ξ ( )
(1-b )

2


n2

3σ0 +σ xx
pa

n

(

1-b
3

)

2( n -1)

+

⋅

3σ0 +σ xx
pa

1-b
3

3σ0 +σ xx
pa

+ n ( n - 1) a

(

+ 2n ( n - 1) a

)

3σ0 +σ xx
pa

(

- 2g  

n -2

)

3σ0 +σ xx
pa

n -2

)

n -2

- 2g  +


}

- 4g 


......................................(24a)
where:
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(

k

{

)

 c12 + 1 3c1 - 2 9 - nc 2 

⋅
2
( c1 + 2 3) + c 2 



5- 4 n 
 2c12 + 2 3 ⋅ c1 + 9(1
+n )  + (1 - n ) c 2
 2 ( c1 - 1 3)2 + (1 - n ) c 2 



c=
1
c2

(

(

3 σ0
σ xx

ξ(
3 σ0
σ xx

)

+ 1  na


a1hpa2
h+1)

Eσ xx

)

(

(

3σ0 +σ xx
pa

3σ0 +σ xx
pa

+ 1  na

2

(

)

n

)

n -2

}

- 2g 


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

given by the equation d = U 2 - T ⋅ V  0 ) with
relative equality in stress increment towards the
value where y-axis approaches zero. At the point
where y-axis is zero, that point is called parabolic
( d = U 2 - T ⋅ V =).
0 As clearly stated on the diagram, critical stress value for the numerical model

1
1-b

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

3

+ 3(12-b)

σCTC
336 [ kPa ] .
xx =

⋅

3σ0 +σ xx
pa

)

n -2

- 2g 


2

(1-b )3

..................................... (24d)
After few simple transformations the equation
(24) can be written in the form

  3σ + σ xx 
h
=
d n 2
+ n ( n - 1)  a  0

pa
 h +1
 


n -2

-

2

 1+ k  2 1- b
2g + 
=0

3
 1 - 2k 
...................................... (25)
Solution to the characteristic equation of stability of deformation (25) is shown in Figure 3. The
least favourable planes, from the critical stress
point of view, are those at which the angle between the total stress and the normal vector to the
plane has the maximum value.

Figure 4. Comparing experimental and numerical
results for CTC case
Experimental data is shown in Figure 4. (based
on results published in [19]). From these results
follows that critical value for octahedral shear
stress was tCTC
168,90 [ kPa ] , which leads to
oct =
critical normal stress by substituting into equation
(17a), σCTC
358,30 [ kPa ] .
xx =
Case # 2: Triaxial extension state (TE). For the
TE state of stress components of the stress tensor
and the stress deviator are as follows

σ0 - σ xx
 0
=
σ

 0
TE

0
0


σ0 + σ xx 2
0

0
σ0 + σ xx 2 
+

..................................... (26a)

Figure 3. Case of conventional triaxial
compression - solution for stability equation
As can be seen from the diagram, slope of
the curve is negative but d is positive (condition
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TE

S

 -2 0 0 
σ xx 
=
0 1 0  ................. (26b)

2
 0 0 1 

Introducing equation (26) into (21) and substituting this equation in the (15), leads to:
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(1 - 2k )
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+
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(
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{
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3 σ0
σ xx

ξ
3 σ0
σ xx

( h+1)

)

- 1  na


a1hpa2

c2

(17a) σTE
82,80 [ kPa ] .
xx =

5- 4 n 
 2c12 - 32 c1 + 9(1
+n )  + (1 - n ) c 2
 2 ( c1 + 13 )2 + (1 - n ) c 2 



(

c=
1

)

 c12 - 13 c1 - 92 - nc 2 

⋅
( c1 - 23 )2 + c 2 



k

Eσ xx

(

3σ0 -σ xx
pa

)

2
- 1  na


(

(
)

3σ0 -σ xx
pa

n

)

n -2

}

- 2g 


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

1
1+b

..... (27c)

⋅

3σ0 -σ xx
pa

)

Experimental data is shown in Figure 6. (based
on results published in Reference 19). From these
results follows that critical value for octahedral
shear stress was tTE
58,54 [ kPa ] , which leads to
oct =
critical normal stress by substituting into equation

where:

(

Figure 5. Case of triaxial extension - solution for
stability equation

n -2

- 2g 


2

3

(1+b )3

4. Analysis of Results
Experimental and calculated numerical modulation values for critical stress are shown in Table
2. It is obvious that there is good agreement between them. Percent difference between critical
values predicted with numerical model and experimental results for TE test is only 3.4 % while for
CTC it is 6.2 %.

+ 3(12+b)

..................................... (27d)
After some simple transformation the equation
(28) can be written in the form:

  3σ - σ xx 
h
=
d n 2
+ n ( n - 1)  a  0

pa
 h +1
 

2

 1+ k  2 1+ b
2g + 
=0

3
 1 - 2k 

n -2

(28)

Solution to the characteristic equation of stability of deformation (28) is shown in Figure 5.
As can be seen from the diagram, slope of the
curve is positive (condition d = U 2 - T ⋅ V  0 . As
clearly stated on the diagram, critical stress value
for the numerical model
22

σTE
xx

=
80 [ kPa ] .

Figure 6. Comparing experimental and numerical
results for TE case
Presented numerical criterion to determine critical loading point [20] is usefull from the practical
Volume 9 / Number 1 / 2014
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point of view for the analysis of the deformation
stability for geomechanical material for defined
geometry, boundary conditions and loading path.
Classical results presented in work by Hill,
Rudnicki and Rice [8-9] go a step further into defining the angle of instability for plastic flow. It is
possible to think of this angle as analogous to the
onset of localization of plastic deformation and
beginning of necking in metallic samples. However, in that analogy for metal samples, angle at
which macroscopic slip occurs and the beginning
of plastic deformation and angle of necking and
the beginning of local deformation, are not functionally related. If analogy is applied to granular
material, it means that angle of plastic instability is
not to be related to the angle of internal friction in
a Mohr-Coulomb approach to plastic flow. In the
presented paper, angle of plastic deformation instability for granular material was not considered
to be the parameter of interest.
Table 2. Experimental and numeric values for the
critical stress
Critical Stress (kPa)
Exp
Num
% Diff

TE
82.8
80
3.4

CTC
358.3
336
6.2

5. Conclusion
Analysis of stability for geomechanical material is presented. Results obtained using HISS
model for numerical analysis were compared with
experimental results for particular sand material
(Leighton Buzzard Sand) under triaxial compression and extension. Values for critical stress were
3-6 % lower in the numerical prediction compared
with experimental data. That small difference in
critical values may be considered as a good agreement. However, the main drawback of the HISS
model may be its requirement for eight material
parameters and limited availability of those parameters in the published literature.
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A new bicycle frame design via stress and
structural weight analysis with finite element
method
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Abstract
In this study, three dimensional geometric representations of current and newly designed bicycle frames are analyzed with ANSYS program.
Stress analysis of the models have been carried
out through exposing them to forces, which values are given in the standards concerning with the
resistance of bicycle chassis. Thus, the places of
the maximum stresses that occurred in both models have been detected and the results have been
assessed whether these maximum stress values
exceeded the limits or not.
During the study, a new bicycle frame construction has been developed for children, with an innovative approach, taking the easy manufacturability,
the welding quality and stress and structural weight
analysis into the account. In the new design, the
front frame tube extends form the head tube to the
back wheel dropout through the saddle connection.
The strength of the new frame is controlled by analyzing it according to the loading conditions, which
also old type frame design is subjected to.
Key words: FEA, bicycle frame, design,
analysis
1. Introduction
As it is known, the technology has been rapidly
improving and getting renewed in paralleled with
the development of design and calculation techniques with computer. One of the most important
reasons of this is analyzing the design, which has
been planned without the difficulty of re-producing, by taking all the external effects into consideration and forming the optimum design by giving
feedback. In this respect, firstly 3D models of the
currently available and proposed bicycle frames
are created to be analyzed with a FEM (Finite Element Method) based on a computer program.
Volume 9 / Number 1 / 2014

The selection of the right type of element, the
determination of right analysis algorithm and
boundary conditions are very important in FEM
based software unlike other modeling programs.
For this reason, the analyst who carries out the
analysis with this method should be expert on the
theoretical background of FEM method and engineering aspects of the analysis he is working on.
The loading conditions of the bicycle being analyzed have been obtained from the test conditions
determined according to the standards. With this
respect, the conditions existent in the DIN EN
14764 loading stand have been considered [1].
In literature, Association Française de Normalisation (AFNOR) tested a composite bicycle
frame against horizontal loads, mass drop impact,
and frame drop according to the AFNOR NF EN
14781 [2]. Lessard et al. [3] discussed the use of
the FE method in designing of composite bicycle
frame to minimize cost and time required for radically different frame concept. Fuerle et Sienz [4]
developed an optimal bicycle frame taking into
account rider specific demands. Dwyer et al.,
carried out a fatigue test for a mountain bike for
horizontal forces according to the ASTM standard
F2711-08 and conducted a finite element analysis
to validate the experimental results [5].
2. Solution
2.1. Selection of element type
Unlike the other beam elements, beam 189 element’s cross section can also be modeled, and that
gives the chance to see visually and control after
meshing process according to the determined section geometry. Moreover, there is a chance to place
the elements on the construction according to the
orientation of the section and its state. Also it en25
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ables us to see the stress distribution along the cross
section thickness. There is no chance to obtain these
types of data from the other beam elements. By
choosing this type of element, various analyses can
be done for the beams their cross sections changes
from quite thin to thick. The solution algorithm relies on Timoshenko beam theory [6].
The shear deformation effect has also been included in the beam element’s 3 node points, two
of which are at the ends and one in the middle, are
available in this element type. (See figure 1).

Figure 1. The view of the node points and axis
group pertaining to the beam 189 element type
Along with the fact that there are six degrees
of freedom occur at each node as x, y, z transla-

tions and rotation around the same axis on each
node, the warping magnitude can also be added
as the seventh degree of freedom according to the
problem data. Because hallow circular cross sectioned beam elements will be used in the analysis
the warping effect can be ignored.
Beam 189 element is well-suited torsion, buckling, large rotation, and/or large strain and excess
deformations and nonlinear applications[7]. Because the analyses will be carried out under the
yield point, in this respect, it is clear that the pipe
16 element type is more suitable for the analysis.
Pipe 16 element type consists of the capabilities of tension-compression, torsion and bending
in its algorithm. Moreover, it approaches to the
real results by solving fever equations doing symmetricity deduction as a result of its nature.
There is no need to include warping and buckling effects because of the loading and boundary
conditions. This requires fewer processes to reach
the solution. This also provide us not to have high
solution cost on the computer basis. The node
points of the element type and their arrangements
on axis set are seen in Figure 2. There are 6 freedom degrees on the each node point in this element type as transitions and rotations. Moreover,
it has the capability to calculate approximate sur-

Figure 2. The view of knot points and axis groups pertaining to the pipe 16 element type
26
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face strain and present them visually although it
contains the solution method pertaining to the
beam element type in its algorithm.(See figure 3)

Figure 3. The surface strain caused by the shear
force and torsional moment
2.2. Analysis
2.2.1. Analysis of current child bicycle frame
In this study, three dimensional models of present and newly designed bicycle frame models have
been generated with ANSYS [7] analysis software
and the stress analysis of these models have been
realized by means of exposing them to the test
loads which their values given in the standards related to the resistance of bicycle frame. Thus, the
locations of the maximum stresses that occurred
in both models have been identified and the results
have been assessed whether these maximum stress
values exceeded the limits or not. The locations
where the stresses concentrated are the critical areas. The modeling of the frame by finite element
method and its analysis on a computer in order to
identify the deformations and stress concentration
areas is one of the modern design techniques.
The DIN EN 14764 standard has been taken into
account during the determination of the loads that
the frame would be exposed to. It is stated in DIN
EN 14764 standard that in the conducted tests in
which 3000N force is applied for the static resistance of the bicycle chassis, There shall be no fracVolume 9 / Number 1 / 2014

tures or visible cracks in any part of the chassis or
connecting parts and no permanent shape deformation above 10mm at any direction should. For this
reason, the resistance of the present and developed
frames under 3000N static load has been analyzed
by ANSYS analysis software. In Figure 4, the view
of the frame, currently in production, divided by finite elements and dimensions are depicted.

Figure 4. A child bicycle frame in production at
present
The stress distributions, which obtained as a result of ANSYS analysis process, on the currently
available child bicycle frame are shown in Figure 5.

Figure 5. Stress distributions on the currently
available child bicycle frame model
St37 industrial type steel pipes are used in the
production of present bike frame. According to
the DIN 17100 standards, yield point of the steel
is 2.304x1011 MPa and its elasticity module is
27
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2.059x1014 MPa. When the stress distribution on
the current bike frame model is analyzed, it is seen
that the maximum value of stresses on the frame
is recorded as 1.548x1011 MPa, which is below the
yield point (see Figure 5). When the stress diagram of the present frame is examined the maximum deformation (DMX) under the load of 3000
N is seen as 0.66240 mm. Present frame model is
a model which is currently in production and used,
and as expected, it exceedingly conforms the required standards concerning static frame strength.

to the same loading and boundary conditions of
the previously analyzed present child bicycle
frame are displayed in Figure 8 and Figure 9. As
can be seen from the figures that the area, which
has been most exposed to the stress, is on the seat
stay tubes where they are welded to the seat tube
by small tube parts in the new frame model.

2.2.2. Analysis of the newly developed child
bicycle frame
In the newly designed child bicycle frame model, the material type, dimensions and frame geometry of the present bike frame model are preserved
as it is, but some important changes have been
considered for the top tube, seat stay and chain
stay tubes. As seen in Figure 6 and Figure 7, in the
newly designed child bicycle frame model, two
tubes extend from the down tube to the rear dropouts. Diameters of the seat stay tubes in the present model were 13 mm and their thicknesses were
1mm. These seat stay tubes’ diameter increased to
the 32 mm and thicknesses to 2 mm and they have
been extended and connected to the down tube.
The chain stay tubes extending from the paddle
bracket to the rear dropouts, which have 13mm in
diameter and 1mm in thickness, are removed in
the newly developed child bicycle frame.

Figure 7. Meshed view of newly developed child
bicycle frame model

Figure 6. Loading conditions and dimensions of
newly developed child bicycle frame model
The stress distribution of the newly developed
child bicycle frame model that has been exposed
28

Figure 8. Stress distribution of the newly designed
child bicycle frame model
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Figure 9. Stress values and locations on the bicycle frame
The stress values in this area may reach up to
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Abstract
This paper presented a new class of code for
Spectral Amplitude Coding Optical Code Division
Multiple Access. A new class of code called Modified Non-Zero Cross Correlation Code (MNZCC).
The MNZCC code can be constructed easily for a
flexible number of users, weights and any desired
cross correlation (λmax). We find that the performance of MNZCC code is better as comparison
with other OCDMA codes such as MDW, MFH
and MQC. Through the theoretical and simulation
analysis, the Bit Error Rate (BER) of MNZCC code
is significantly better than other existing OCDMA
codes such as MDW, MFH and MQC. Fiber Brag
Grating filter has been used for the implementing
SAC-OCDMA systems. Systems with MNZCC
code had shown superior performance. Finally, in
term of systems complexity Fiber Brag Grating introduced cost effectiveness due to less number of
filter in decoder as well encoder.
Key words: Modified Non Zero Cross Correlation, Desired Cross Correlation, Error Probability, Fiber Brag Grating, SAC-OCDMA, Encoder,
Decoder.
1. Introduction
The advanced developments in fiber optics for
the past 20 years have made possible the use of optical fiber as transmission media in modern communication systems. Optical fiber offers several advantages over the existing media (e.g twisted wire
pair and coaxial cable). It offers virtually unlimited
bandwidth and is considered as ultimate solution to
deliver broadband access to the last mile [1]. Many
channels can be multiplexed to share the same fiber
optic medium, thus reducing the number of links
required and the cost to end users.
30

A multiple access technologies are communication system where a number of users share a common transmission medium to transmit messages
to a number of destinations. One of the key issues
that must be resolved in moving from a single user
communication system to a multi-user communication system is how to efficiently divide the available transmission medium among all users. Optical Code Division Multiple Access (OCDMA) has
been recognized as one of the most important technologies for supporting many users in shared media and in some cases can increase the transmission
large - capacity bandwidth of an optical fiber. OCDMA is an exciting development in short haul optical
networking because it can support both wide and
narrow bandwidth applications on the same network and can have large number of asynchronous
users. Therefore, the selection of the optical code
and coding architecture used in the system must be
considered together to attain best quality services
from the network [2]. In Optical CDMA systems,
Multi Access Interference (MAI) is the main reason for system performance degradation especially
when large number of users are involved [3]. MAI
is only determined by the values of in-phase crosscorrelation between the address sequences.
OCDMA system should, therefore, have an efficient address code sequences with desired crosscorrelation. The primary objective to design a
code sequences with desired cross correlation to
eliminating the effects of MAI to the total receive
power [4]. Thus, it is important to design a codeword which can be eliminating the effects of MAI
of the total received power [5]. Several optical
codes have been proposed for OCDMA systems
such as Modified Frequency Hopping (MFH)
code [6], Optical Orthogonal Code [7], and Modified Double Weight (MDW) code [8]. However,
these codes suffer from certain limitations such as
Volume 9 / Number 1 / 2014
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the code either too long (e.g. Optical Orthogonal
Codes and MFH Code), construction are complicated or cross correlation are not ideal.
In this paper, proposed code namely Modified
Non- Zero Cross Correlation Code (MNZCC) has
been proposed with any desired cross correlation
to ensure that each codeword can be easily distinguished from every other address sequence. The
MNZCC codes are easier to generate and is optimum in the sense that the length of the code is
minimum for a flexible number of users, weights
and cross correlation.

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

2. Design of MNZCC code
Step 1: Definition. Consider a set of K, (for K
users) binary [0, 1] sequences of length N, weight
w (the number of “1” in each codeword) and the
maximum cross-correlation, λmax. The set of codes
can be represented by the K rows of the KxN mawhose elements aij are given by

trix.

Step 2: Code Properties. The K codes represented by the K rows of the code matrix
in
Equation (3) are to represent a valid set of K codeword with Non-Zero in Phase Cross Correlations
λmax and weight w, it must satisfy the following
conditions;
1. For the code to have weightw,

......................................... (1)
is here called the Code MaThe matrix
trix. Since the K codes represented by the K rows
of the code matrix are unique and independent of
each other.
Code matrix should have rank K. More
over for

to have rank K,
N ≥K..................................... (2)

The set of codes matrix can be represented by
the K rows of the KxN matrix

whose elements

aij are given by Equation (1) where,

is a KxN

Matrix whose each rows of the matrix
representing an optical codes. The weight of each of
the K codes is assumed to be w. The matrix
is given by Equation (3) and the rows A1, A2, AK
represent the K code words.
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................... (4)
2. The Non-Zero In Phase Cross Correlation,
λmax between any of the K code words (K rows of
the matrix
) should not exceed λmax.
..................... (5)
3. From Equation (5), it is seen that the w =
AiAiT is the in- phase auto- correlation function
of codes. AiAjT is the out of phase correlation between the ith and the jth codes. It follows that AiAiT
should be greater than AiAjT. In other words,
w ≥ λmax................................... (6)
4. All K rows of should be linearly independent
because each codeword must be uniquely different from other words. That is to say the rank of
the matrix
should be K. One of the matrices
that satisfies the above four conditions is the KxN
Matrix
whose ith row is given by,
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.................. (7)
The length N of the codes which is the length
of the rows of the matrix

is given by,

N = wK-λmax (K-1).......................... (8)
It can be seen that the length N is minimum
under the assumed conditions.
Step 3: Code Constructions. On the basis of
the above discussions, the construction of an optical codes having value of K, w, λmax consists of the
following steps:
1). For a given number of users K, and weight
w, form a set of Non-Zero In Phase Cross Correlation code with minimum length as given by Equation (7).
2). The length N of code matrix has defined by
the Equation (8)
3). The K rows of the code matrix that give
the K optical CDMA codes having Non- Zero InPhase Cross-Correlation (IPCC), weight w and
minimum length.
Step 4: Codeword Example. Assume that,
it is desired to generate a set of minimum length
Non-Zero In Phase Cross Correlation optical
codes for 8 users, weight 3 and λmax equal to two.
Here K=8, w=3 and λmax=2, the Code Matrix,
for this code is,

Active
Users
K1
K2
K3
K4
K5
K6
K7
K8

Codeword
={
={
={
={
={
={
={
={

1
0
0
0
0
0
0
0

1
1
0
0
0
0
0
0

1
1
1
0
0
0
0
0

0
1
1
1
0
0
0
0

0
0
1
1
1
0
0
0
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0
0
0
0
1
1
1
0

0
0
0
0
0
1
1
1

0
0
0
0
0
0
1
1

0}
0}
0}
0}
0}
0}
0}
1}

3. Performance analysis
We have considered the effect of the presence of
noise in our analyses which are shot noise 〈i shot 〉
, incoherent intensity noise 〈i PIIN 〉 , and thermal
noise 〈ithermal 〉 to evaluate the proposed system
performance. The proposed system is based on
the Direct Detection Technique with Fiber Bragg
Grating (FBG) followed by photo-detector. Signal
to Noise Ratio (SNR) is calculated at the receiver side and only one photodiode accommodated
for each user, and I is denoted as the current flow
through the photodiode. The SNR is defined as the

[ ]
2

average signal to noise power, SNR = I 2 where
σ
σ2 is the variance of noise source given by;
2
2
2
σ 2 = 〈ishot
〉 + 〈iPIIN
〉 + 〈ithermal
〉 ............ (9)

Equation. (9) can be expressed as [9];

σ 2 =2eBI + I 2 Bt C +

Hence, the required In Phase Non-Zero Cross
Correlation for the code matrix with λmax = 2 are,

0
0
0
1
1
1
0
0

4 K bTn B
, ............. (10)
RL

where, e is the electron charge, I is the average
photocurrent, I2 is the power spectral density for I,
B is the noise-equivalent electrical bandwidth, Kb
is the boltzman constant, Tn is the absolute receiver noise temperature and RL is the receiver load
resistor. From Equation (10) it has been assumed
that the optical bandwidth is much larger than the
maximum electrical bandwith.
The first term of Equation (10), second and
third form the same Equation can be denoted as the
shot noise component, the effect of Phase Induced
Intensity Noise (PIIN) and the effect of thermal
Volume 9 / Number 1 / 2014
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noise, respectively. The effect of receiver’s dark
current has been neglected in this proposed system
analysis. The total effect of PIIN and shot noise
follows the negative binomial distribution [9].
The broadband pulse as an input coming thru to
the FBG, the incoherent light fields are mixed and
incident upon a photo-detector, the phase noise
of the fields causes an intensity noise term in the
photo-detector output. The source coherence time
tc can be expressed as [9]:
......................(11)

where G (v) denotes the single sideband (onesided) source power spectral density (PSD).
A. Analysis of MNZCC Spectral-Amplitude
OCDMA
w

The K rows of the AK code matrix in Equation
(3) can be expressed as Ck, whose ith element is
written as Ck (i). These sequences correspond to
the rows of code matrix and then complemented
according to the transmitted data. Hence, according to the properties of MNZCC code described in
Section (II), the Ck (i) denoted the ith element of
w
the Kth row of AK code matrix of MNZCC code
sequences can be written as:

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

The proposed system was analyzed with transmitter and receiver, we used the same assumption that used in [10], and those are important for
mathematical preliminaries simplicity. Since, to
analyze the proposed system, we assume the following assumptions:
1. Each unpolarized source PSD and its
spectrum is flat over the system bandwidth
of [vo±Dv/2] with amplitude Psr/Dv, vo is
the central optical frequency and Dv is the
optical source bandwidth expressed in
Hertz.
2. Each user has equal power at receiver.
Volume 9 / Number 1 / 2014

Based on the above assumptions, the proposed
systems can easily analyze using Gaussian approximation. The power spectral density of the
received optical signals can be written as [10];
G (v ) =

N
Psr K
d
∑ K ∑ cK (i)cl (i)rect (i), ........ (13)
D=
v K 1 =i 1

where, Psr is the received power from a single

source. The rect (i ) is given by;

1,
u (v ) = 
0,

v ³ 0, 
 .................... (14)
v < 0.

where u(v ) is the unit step function and can be
expressed as:
....................... (15)
From Equation (13), the power spectral density
at photo-detector of the receiver during one bit period can be simplified further as follows;

....................................... (16)
In Equation (13), dK represents the binary data
of the Kth user that is “1” or “0” where,

K

 ∑ d k  = [ d1 + d 2 + d3 + ........ + d k -1 + d k ]
 k =1 
....................................... (17)
When all users are transmitting bit “1”,

............................. (18)
Consequently, the photodiode current I can be
written as follows:
....................... (19)
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where ℜ is the responsivity of the photo-detectors and is given by ℜ =(h e) (hvc ) [11].h is the
quantum efficiency, e is the electron charge, h is
the Planck’s constant, and vc is the central frequency of the original broadband optical pulse [12].
By substituting Equation (16) into Equation
(19), then photodiode current I can be expressed
as follows:
∞

∞ P  K
 N
 sr  ∑ d k   ∑ ck (i )cl (i ) u[ Dv ]
I=
ℜ G (v)dv =
ℜ
V
N
D
 k 1=
 i 1
0  =

∫

{

∫

0

Where I1 and I2 are the average photodiode currents, tC1 and tC2 are the coherence times of the
light incident on each photodiode. From Equation
(16), the power spectral density of I2 can be simply
written as follows [13]:

Bℜ2 


2
〈 I PIIN
〉 =

} dv (20)


∫

∞

0

G22 (v)dv 


K
 K

Psr2 N 
Cl (2) (i ) ⋅  ∑ d K CK (2) (i )  ⋅  ∑ d mCm (i )   (25)
∑
N Dv i 1 =
=
K 1 =
 m 1



+ Bℜ2

....................................... (25)
......................... (21)

By using Equations (11), (12), (16), (20)
and (24), approximating the summation of

∑

B. Shot Noise Distribution
The shot noise in Equation (10) can be written as;
..... (22)
By substituting Equation (8) and Equation (12)
into Equation (14), the noise power of shot noise
for the proposed systems can be simplified as:
PsrW
 ............ (23)
2eBℜ 
 N 

C. PIIN Noise Distribution
We assume that, the PIIN dominates the intensity noise of the sources. Hence, with power
spectral density from each users is the same,
consequently,we calculate the receiver intensity
noise directly from the total power spectral density of each photodiode [12]. Since the light incident
on each photodiode, the intensity noise is independent. From Equation (2), the intensity noise at the
receiver output is given by:
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0

G12 (v)dv +

K
 K

Psr2 N 
C
i
⋅
d
C
i
⋅  ∑ d mCm (i )  
(
)
(
)
 l (1)
∑
∑
K K (1)


N Dv i 1 =
=
K 1 =
 m 1



Thus,

2
〈=
iPIIN
〉

∞

2
〈I PIIN
〉 = Bℜ2

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

2
〈ishot
=
〉

∫

B ( I12t C1 + I 22t C 2 ) .............. (24)

K

c (i ) ≈
K =1 m

KW
N

and

∑

K

m =1

d m (i ) ≈ 1 the

variance of the receiver photocurrent can be expressed as;
K

 
KW 
⋅
⋅
C
i
(
)
 CK (1) (i )   +
 l (1)
N  K 1

1=
 

N

Bℜ2 Psr2
N Dv
=i

∑

2
〈 I PIIN
〉≅

+

K

 
KW 
⋅  CK (2) (i )  
Cl (2) (i ) ⋅
N  K 1
 
1=


N

Bℜ2 Psr2
N Dv
=i

∑

+

2
〈 I PIIN
〉≅

∑

Bℜ2 Psr2
N Dv

∑

K  N

 KW 
⋅
 CK (1) (i )Cl (1) (i )  +

 N =
K 1=
 i 1


∑∑


Bℜ2 Psr2  KW  K  N
⋅
CK (2) (i )Cl (2) (i ) ) 
(
∑
∑


N Dv  N =K 1 =
i 1


2
〈 I PIIN
〉=

Bℜ2 Psr2 KW (2W + 2) ...................... (26)
.
N 2 Dv

Since, Equation (12), shown the properties of
MNZCC code is unique and independent each
others, Equation (26) is also independent of the
active users data, consequently proposed systems
does not depend on the timing of transitions in
the users data and it applied to the asynchronous
systems. Note that, the probability of sending bit
“1” at any time for each user is ½. Finally, form
Volume 9 / Number 1 / 2014
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Equation (23) and Equation (26) the SNR for the
proposed systems is defined with the mathematical expression as follows;
2

 ℜPsr (W ) 


N


SNR =
eBℜPsr (W ) Bℜ2 Psr2 KW (2W + 2) 4 K bTn B
+
+
N
RL
2 N 2 Dv

....................................... (27)
Since no pulses are sent for the data bit ‘0’,
the formula used to calculate the Bit-Error-Rate
(BER) with Gaussian approximation can be expressed as [6,10]
BER
= P=
e


1
erfc 
2


SNR
8

mentioned in Equation (27). It clearly depicts that
MNZCC code had shown superior performance
BER as compared to MFH, MQC and MDW
codes. It shows that the Bit Error Rate (BER)
increases as the number of active users increases. SNR is depends on code weight w, number
(27)
of users K, ΔV, B and KB (Boltzman Constant).
However, the values of B and ΔV are fixed. (i.e
B=311MHz and ΔV=3.75THz). The values of K
are varied from 20 to 160 users. At BER = 10-09
MNZCC code can support high number of users
(K=100) than MFH and MDW with different code
weight MFH (w=8), MDW (w=4, 6). System with
MNZCC code had large improvements due to superior properties of MNZCC code.


 ............. (28)


The Equation (27) and Equation (28) will be
used to calculate the signal to noise ratio (SNR)
and bit-error-rate (BER) for the direct detection
system with the MNZCC code.
4. Results
A. Theoretical Results
In optical CDMA systems using Spectral Amplitude Coding, the length of the codes is an important parameter. It is desirable to have smaller
codes length as this will required smaller bandwidth. Moreover, codes with smaller length will
require less number of filters at the encoder as well
decoder [6]. This will reduce the complexity and
cost of the systems.
Table 1. Code length (N) comparison between
MNZCC, MFH, MQC and DW codes for the same
number of users, K=30
Code

No. of
User
(k)

MFH
MQC
DW
MNZCC

30
30
30
30

weight

code

( w)

length

7
3
2
2

42
33
45
31

(n )

Figure 1 shows the plots between K number of
active users and BER by considering all noise as
Volume 9 / Number 1 / 2014

Figure 1. BER versus number of users for MNZCC, MDW, MQC and MFH codes

Figure 2. BER versus Power receive, Psr for
MNZCC, MDW, MQC and MFH codes
Figure 2 shows the Psr and system performance
(BER) when the number of simultaneous users is
100. The values of Psr varied from -25 dBm to -15
dBm. Here, we have considered the effects of the
intensity, shot and thermal noises altogether. It is
shown that, MNZCC code gives much better performance contrast with MFH, MDW and MQC
35
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codes when the effective receive power Psr is large
(when Psr >-21dbm). When the Psr for all OCDMA
codes at the lower values (when Psr <-21 dbm), the
performance of all OCDMA codes shown nearly
the same. Systems with proposed codes can have
better receive power without any amplifier required. Noticed, BER values can go down to the
small values (practically meaningless such as 10-70)
but it does not the objective of this finding comparing the performance of these all OCDMA codes.
B. Simulation Results

(a)

such as four wave mixing and self phase modulation were activated with industrial specification to
simulate as close as industry real environment. The
transmitted power used was -10 dBm for the broadbans source. At the receiver plant, the noise generated at the receivers was set to be random and totally
uncorrelated. We used Fiber Bragg Grating (FBG)
spectral phase encoder to decode the received signal (coded). The decoded signal was decoded by
a photo-detector (PD) followed by low pass filter
(LPF) and error detector respectively. The dark current value is 10nA and the thermal noise coefficient
is 1.0 x 10-22 W/Hz for each of the photo-detectors.
The performance of the system was characterized
by referring to the bit error rate (BER).
Figure 4 shows the eye diagram for the MNZCC
code with direct detection technique, w=4 where
the BER value is 1.13x10-12. Figure 5 shows the eye
diagram for the MDW code with w=4 where the
BER value is 2.6x10-07 and Figure 6 shows the eye
diagram for MFH code with w=8 where the BER
value is 10-3). The eyes diagram shown in Figure 4
clearly depicts that the MNZCC code system gives
better performance with large eye opening corresponding simulated BER for MNZCC, MDW and
MFH codes systems. Noticed, the more eyes close,
the more difficult it is to distinguish between 1s and
0s for the signal. The height of the eye opening at
the specified sampling time shows the noise margin
or immunity to noise.

(b)
Figure 3. Block Diagram of the proposed systems a) Transmitter Plant. b) Receiver Plant
Figure 3 shows a simple block diagram consists
of two users with Direct Detection Technique. The
performance of codes was simulated using OptiSys
version 6.0. Each chip has a spectral width of 0.8
nm. The systems were test at the rate of 2Gbps for 10
km distance with the ITU-T G.652 standard single
mode optical fiber. Attenuation of (i.e., 0.2 dB/km),
dispersion (i.e.,18 ps/nm-km) and non linear effects
36

Figure 4. Eye Diagram indicated of the MNZCC
Code channels at 2Gbps for 10km
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weights. (4) Uniquely and independent codeword
over others codes. Systems with MNZCC code is
evaluating all the presence of noise such as shot
noise, intensity noise and thermal noise sources.
The MNZCC code shown best resulted in term
of BER compared to an existing OCDMA codes
such as MDW, MFH and MQC codes. This will
give the choice to the users for better quality of
service for future optical access networks.
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Abstract
Any plant that lives in a specific habitat is
exposed to the effects of various environmental
factors. The aim of this study was to determine
whether there are differences, and what is their
degree, in the morphological leaf structure of the
three species of Juniper: Juniperus communis, Juniperus oxycedrus and Juniperus sibirica, which
are determined essentially by changing environmental factors and different altitudes. Descriptive
statistics of morphological leaf character of the
three species of Juniper has shown that there is a
clear correlation between the increase in altitude
and changes in the length, width and thickness
of leaves. While with an increasing altitude the
length of leaves is regularly changed, the width
and thickness of leaves are increased.
Key words: Juniperus, Kopaonik, morphological leaf-variability
1. Introduction
Any plant that lives in a specific habitat is exposed to the effects of various environmental factors. One of the important characteristics of environmental factors is their constant variability in
time and space. Permanent changes in external
environment determine as well continuous adaptations, so that a plant species never reaches a definitive and final phase of adaptation. Researches of Juniper show that these are pioneer species, and that
they easily and quickly spread to all types of land.
[1] They lessen and stop the erosive processes [2]
and contribute to creating conditions for the settlement of other species on degraded and devastated
habitats. Their morphological and ecological characteristics are very suitable for solving problems of
Volume 9 / Number 1 / 2014

biological recultivation of waste tips [3] by changing the microclimate factors of waste tips. [4] [5].
The aim of this study was to determine whether
there exist differences, and to what degree, in the
morphological leaf structure of the three species
of juniper: Juniperus communis, Juniperus oxycedrus and Juniperus sibirica, determined essentially by changing environmental factors and different altitudes. The results of research obtained
will determine the degree of differences that occur
with increasing altitude.
2. Materials and methods
Morphological leaf characteristics of the species: Juniperus communis, Juniperus oyicedrus
and Juniperus sibirica were investigated in leaf
samples collected in the period from the year
2006 to 2009. The plant material was extracted
from the same localities in terms of climate and
environmental factors, but also in terms of geological base. For a comparative analysis of morphological characteristics for each altitude were
collected ten plants and ten leaves of each sample type. The leaves were taken from last year’s
shoots and always around the central part of the
plant. Altitudes at which the plant materials were
collected ranged from 420 meters to 2100 meters.
Investigation of the structural features of leaves
was carried out on fixed materials collected in the
field. Permanent microscopic preparations were
made from the plant material fixed in the field in
60% alcohol. Cross-sections were obtained by cutting with the hand microtome. Preparations were
treated through a series of alcohols with increasing concentration, to achieve dehydration. In order to determine the differences in morphological
39
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characteristics of the three species of juniper: Juniperus communis, Juniperus oxycedrus and Juniperus sibirica, at different altitudes, there were
performed measurements of morphological leaf
characters. Measurements were performed with a
graded scale on the microscope ocular. The values obtained are expressed in millimeters (mm) or
micrometres (µm). Morphological characteristics
of leaves were measured by digital vernier. The
values obtained from measuring morphological
leaf characters were statistically processed in the
software package Statistica 6.0. With the discriminant canonical analysis we identified morphological differences between the three investigated species of juniper, at the multivariate level. Based on
the discriminant canonical analysis (DCA), there
were als o calculated multivariate distances, on
which the UPGA cluster analysis was performed.
3. Results and discussion
3.1. Descriptive statistics of morphological
leaf character of Juniper
With des c riptive statistical analysis we calculated the mean, minimum and maximum for all the
morpholo g ical characters of Juniper leaf (length,

width and thickness) of the species: Juniperus communis, Juniperus oxycedrus and Juniperus sibirica.
The results obtained by processing the values
of morphological leaf character of the juniper species: Ju n iperus communis, Juniperus oxycedrus
and Juniperus sibirica, using descriptive statistical analysis, showed that with increasing altitude
there is a clear change in the length, width and
thickness of leaves. In the species Juniperus communis and Juniperus oxycedrus the leaf length is
continuo u sly decreased with an increasing altitude. Leaf width and thickness properly increase
with alt i tude, thus the leaves at the highest altitude (1420 m) are the widest and thickest. Mutual
comparis o n of the length, width and thickness
of leave s of the studied juniper species showed
that Jun i perus sibirica has significantly shorter,
narrower and thinner leaves, whereas Juniperus
communis in relation to Juniperus oxycedrus has
wider and thicker leaves at all analyzed altitudes.
The existence of correlation in the change of
length, width and thickness of juniper leaf with a
change of altitude can be explained: in the mountainous a rea with increasing altitude, going towards the top, environmental conditions become
more and more unfavorable and therefore trees
and othe r plants change shapes and sizes, be-

Table 1. Descriptive statistics of morphological leaf characters of the three Juniper species: Juniperus
communis, Juniperus oxycedrus and Juniperus sibirica
Leaf length
Altitude (m)

40

Mean value

Standard
deviation

420
620
820
1020
1220
1420

15,1
14,7
14,2
13,3
13,1
11,1

1,77
1,44
1,30
1,23
1,21
1,49

420
620
820
1020
1220
1420

14,0
13,7
14,6
13,1
12,9
12,9

1,32
1,56
1,25
1,36
0,98
1,67

2100

6,6

0,65

Leaf width
Mean value
Juniperus communis
1,4
1,3
1,2
1,3
1,1
1,0
Juniperus oxycedrus
1,5
1,4
1,3
1,2
1,4
1,4
Juniperus sibirica
1,0

Leaf thickness

Standard
deviation

Mean value

Standard
deviation

0,13
0,08
0,15
0,14
0,08
0,14

0,6
0,5
0,5
0,5
0,5
0,4

0,7
0,5
0,5
0,4
0,4
0,6

0,16
0,18
0,11
0,08
0,09
0,13

0,6
0,6
0,6
0,5
0,6
0,6

0,05
0,07
0,04
0,05
0,05
0,04

0,09

0,3

0,06
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coming all lower, with smaller crown and thicker
leaves. These changes reflect the influence of low
temperatures and lack of water, and occur not
only in juniper, but also in other woody plants, [6]
Pinus, [7] Quercus [8] and the genus Abies [9].

and partially is also separated the sample of species
Juniperus communis, from 1420 meters of altitude.
The second canonical axis largely separates the species Juniperus communis and Juniperus oxycedrus.

3.2. Analysis of variance (ANOVA) of
morphological leaf character of Juniper
Variance analysis results showed that between
the values of the analyzed morphological characteristics of the investigated species, taken at different
altitudes, there were statistically significant differences with the level of significance p <0.001 (Table 2).
Table 2. Values of ANOVA tests for the analyzed
morphological leaf characters of the three juniper
species: Jun i perus communis, Juniperus oxycedrus and Juniperus sibirica
Property
Leaf length
Leaf width
Leaf thickness

F test (df1,2)
129.86
80.92
112.51

p
0.00 ***
0.00 ***
0.0 **

Figure 1. The position of centrioles in the analyzed samples of the three juniper species, Juniperus communis, Juniperus oxycedrus and Juniperus sibirica, from different altitudes in the area
of the first and second canonical axis

3.3. Discriminant Canonical Analysis (DCA)
of morphological leaf character of Juniper
Table 3. Load values of morphological leaf
characters of the three juniper species in the area
of three canonical axes
Character
Leaf length
Leaf width
Leaf thickness
Eigenvalue
Cum. Pror.

CV1
0.655
0.480
0.557
4.995
85.2%

CV2
0.726
-0.539
-0.318
0.737
97.7%

CV3
0.224
0.705
-0.775
0.134
100%

Table 3 shows that according to the first axis
which describes 85, 2% of the discrimination of
the analyzed species, the character which contributes most to the discrimination is the leaf length.
By the secon d discrimination axis which gives
cumulative description of 97.7% discrimination,
the leaf length also contributes most to the overall discrimination. Only by the third axis the leaf
width and leaf thickness affect the discrimination
between the mentioned juniper species.
Figure 1 shows that by the first canonical axis,
morphologica l ly clearly is separated the species
Juniperus sibirica from 2100 m above sea level,
Volume 9 / Number 1 / 2014

Figure 2. Specimens locations of the analyzed
samples of the three juniper species, Juniperus
communis, Juniperus oxycedrus and Juniperus
sibirica, from different altitudes in the area of the
first and second canonical axis
By the first canonical axis are separated specimens of the species Juniperus sibirica, and also
partly are separated specimens of the species Juniperus communis from an altitude of 1420 meters.
The results of cluster analysis show that average altitudes are not significant for distinguishing
species of Juniperus communis and Juniperus
oxycedrus, where these two species show very similar values of morphological properties, but ra41
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ther those are the lower and higher altitudes where
significant differences occur.

Reference
1. Matović M. Promjene vegetacije Srbije. Savremena
biologija. Beograd, 1987; 4(6-8).
2. Topić B. Uticaj šumske vegetacije na suzbijanje erozije u bujičnim slivovima mediteranskog područja
Hrvatske. Šumarski list, Hrvatska, 1995; 119(9-10):
299-303.
3. Matović M, Tomić LJ, Jurčić S. Primjena ekologije
u preradi ploda kleke (Juniperus communis L.). 5.
Kongres ekologa Jugoslavije, Zbornik sažetaka,
1996; 176.

Figure 3. Cluster analysis of phenotypic similarities of the analyzed samples of the three juniper
species Juniperus communis, Juniperus oxycedrus
and Juniperus sibirica taken from different altitudes
4. Conclusion
Based on statistical analysis of morphological
leaf characters of the three juniper species Juniperus communis, Juniperus oxycedrus and Juniperus sibirica in the area of the mountain Kopaonik,
the following conclusions can be drawn:
Descriptive statistics of morphological leaf
characters of the three juniper species has shown
that there is a clear correlation between the increase in altitude and changes in the length, width
and thickness of leaves. While with an increasing
altitude the leaf length is properly changed, the
leaf width and thickness are increased.
By the analysis of morphological leaf characters
of all three investigated juniper species with the
ANOVA statistical method, we found that there are
statistically significant differences between them.
Results of discriminant canonical analysis
showed that discrimination between the species
Juniperus communis, Juniperus oxycedrus and
Juniperus sibirica is contributed most by leaf
length. Width and thickness of leaves do not have
a large impact on the differences between species.
Overall statistical analysis showed that the differences in morphological leaf characters that occur between leaves of the same species taken from
different altitudes, are smaller than the differences
between leaves of different species from identical
or similar altitudes, which was expected.
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Abstract
The purpose of this study is to find differences
between decision making of men and women during the past crisis from a gender perspective. An
empirical analysis was conducted with a base of
132 personal surveys involving the managers of
independent small travel agencies in Spain. The
statistical methods used were ANOVA and factorial
analysis. The results of this paper found some significant gender differences in strategic management
decisions in crisis times. Specifically, although both
men and women want to survive the crisis, women
made decisions with high social value (i.e. keeping
employees on the payroll) while strengthening their
customer relationship. Nevertheless, men looked
for new distribution channels to increase sales and
maintain incomes. To our knowledge, this is the
first study to explore strategic management decisions from a gender perspective. Thus, the findings
provide useful empirical evidence to leadership development that will enhance leadership effectiveness in those crisis situations.
Key words: Gender, gender management decision, crisis management, gender strategic decision, gender differences.
1. Introduction
Nowadays companies face manifold challenges that often deal with uncertainty. Thus, it is not
sufficient to possess only technical skills in the
industry to lead an enterprise. In addition, to demonstrate an effective and efficient leadership style,
managers have to develop social and emotional
capabilities [1, 2].
Several studies underline the change that has
been going on in the labor market, starting with the
massive incorporation of women in the workforce.
In most developed nations this tendency started in
Volume 9 / Number 1 / 2014

the 1970s and by now women account there for approx. 50 % of the total workforce [3]. Prior research
has shown that female capabilities, acquired through
education and participation in the workforce, are not
reflected in the daily workplace reality. In addition,
female participation in leadership roles is still very
low compared to the above mentioned two factors
education and workforce participation. [4, 5]. Given that the business world has been created out of
a male vision [6], the ideal leader is characterized
by traits that most men own. Schein (2007) called
this the “think-manager; think-male” effect which
apparently qualifies men as better leaders. This form
of thinking currently prevails between men [7] and
forces women that want to climb up the career ladder to adapt to the male leadership style [8].
Nowadays there is little evidence available on
how female managers make decisions. Therefore,
even though attempts have been made to identify
differences in male and female leadership styles,
research is scarce and inconclusive [4, 9, 10]. Thus,
it is necessary to deepen the knowledge on female
leadership in order to help women to overcome
barriers that hinder them to take up the positions
they deserve. Meanwhile, no study has currently
been found that analyzes decision making in companies led by women and contrast their actions to
those taken by men faced with similar situations.
As a goal this investigation aims to fill the existing
void in research about female business behavior in
strategic management. As a consequence, it can be
considered a pioneer study in this sector.
The remainder of this paper is structured as follows. The following section discusses the theoretical arguments concerning decision making from a
gender approach. After that, it describes data used
in this study. Subsequently, a quantitative analysis
is presented, followed by the study’s findings and
conclusions.
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2. Literature review
For many years male leadership has proven to
be most effective in the business world [11]. However, globalization, increased client focus, the
search for new markets and other factors like increased care for the environment, corporate social
responsibility and the necessity to relate to different stakeholders of a company put the focus on
new capabilities needed to lead companies. This
gives way to a new leadership style, called transformational leadership. In transformational leadership, female capabilities are more important and
better adapted to understand the changes that take
place in consumer behavior [12, 13, 14, 15, 16].
According to some authors [2, 17, 18, 19] women
make decisions differently than men and according to their own leadership style. Current research
has been undertaken in favorable economic times.
However, there are no reasons to argue why that
behavior should not hold true also in crisis times.
Thus, the following hypothesis can be formulated:
H1: Men and women make different decisions
when they face crisis times.
Gender specific differences should be reflected
in the way the company acts in the market, in its
annual results and its long term survival. In the current business environment and financial crisis with
fast changes and hostile environment an effective
management that makes adequate decisions can
mark the difference between survival and bankruptcy. Bird and Brush (2002) argued that men
have a strategic style of management characterized
by centralized decision making and women prefer a participative decision making characterized
by high commitment to the employees. This same
idea has been enunciated by Melero (2011). Thus,
the most efficient leaders are those that make innovative decisions and answer rapidly to the market
requirements. Therefore, based on aforementioned
research, the following hypothesis is proposed:
H2: Women make decisions in crisis times
more socially responsible than men.
3. Data
To analyze the impact of gender on strategic
decision making 136 Spanish service companies
in the tourism sector were surveyed. Of those, 64
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were led by women and 69 by men, which translates to 52.2 % female led companies and 47.8 %
male led companies. The survey took place between November and December of 2010 in the
Madrid area. The surveyed companies have a
mean age of 15 years and employ 3 persons. Companies led by women are on average 12.6 years
old and have 2.54 employees whereas companies
led by men are 17.4 years old with 3.55 employees. Thus, female-led companies are younger and
smaller, if employees are concerned.
4. Results
In order to identify the existence of differences
in the decision making during times of crisis a factorial analysis was undertaken which allowed to
group the named measures. The literature regarding
strategies undertaken in times of crisis was considered and from it 22 measures to confront the crisis
were identified [20, 21, 22, 23, 24, 25, 26, 27]. The
22 measures are shown in table 1. First, a reliability
analysis over all 22 items was conducted. The coefficient obtained for Cronbach’s Alpha was 0.836
which can be considered very good. Thus, the unidimensionality of the scale can be accepted.
Further on, in order to group the measures
taken, a factor analysis was undertaken using the
maximum likelihood method. The KMO test result, with a value of 0.770 is compatible with a
good level of adjustment. Bartlett’s test of sphericity took statistical values of 937.278 and a critical
value of 0.000 which leads to the rejection of the
null hypothesis that the correlation matrix is equal
to the identity. The study of the communalities after extraction and the anti-image matrix showed
the suitability of all items. Moreover, convergence
was achieved in few itinerations.
For the extracted factors only those with an
Eigenvalue above or equal 1 were taken into account. Afterwards, a varimax rotation using Kaiser’s normalization was carried out for the business decisions whose values are synthesized in
table 1. Here only factor loads over 0.4 were considered which explain 63.997 of the total variance.
Table 1 displays the seven resulting factors.
The first factor is related to reactive measures
concerning growth strategies undertaken in situations of uncertainty. Companies which face a situVolume 9 / Number 1 / 2014
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Table 1. Factorial analysis of the business decisions made during the crisis
Factors
1
2
3
4
5
6
7
We canceled expansion plans
.869 .109 .041 .089 .029 .006 .056
We cancelled investments
.856 .132 -.084 .052 .072 .051 -.025
We reduced management levels
.618 .046 .211 .291 .222 .030 .040
We renegotiated management levels
.595 -.116 .044 .236 .078 .375 -.164
We created awards for employee’s ideas to improve business .226 .740 -.008 -.023 .064 -.030 -.066
We introduced employee empowerment
.072 .671 .240 .152 .033 -.128 .103
We introduced new ICT systems
.009 .666 -.128 .114 -.059 .513 -.155
We created or improved our loyalty program
-.060 .586 .124 -.051 .273 .160 .131
We increased spending on advertising
.123 -.024 .766 .084 .029 -.142 -.138
We strengthened the commercial area
-.047 .107 .604 -.150 .145 .091 -.055
We looked for new business channels
.028 .300 .590 -.147 .001 .428 .016
We improved processes to improve operating costs
.095 .333 .416 .220 .107 .085 .231
We entered into strategic alliances with other companies to
-.078 .044 .474 .347 -.012 -.042 .217
offer joint services
We decreased or eliminated our training budget
.285 .000 -.033 .804 .151 .051 -.003
We decreased or eliminated our budget for internal and
.373 .162 -.163 .662 .058 .167 -.095
external social spending
Products or services in high demand from clients were not
changed, but lesser demanded ones were omitted to reduces .107 -.026 .093 .119 .853 .049 .116
costs
Costly products or services were substituted by cheaper ones .223 .184 .022 .013 .734 .153 -.148
We asked clients more about what would increase value
-.051 .440 .313 .176 .550 .035 -.101
We renegotiated prices or payment conditions with suppliers .369 .185 -.013 .053 .253 .639 .176
We reduced personnel in all departments
.008 -.284 .389 .267 .185 .523 -.046
Competitor’s prices or services were imitated
.172 .197 .072 .347 .291 .205 .645
We reduced our sales forecast for the year
.121 .248 -.106 .337 .148 .237 .639
Extraction method: principal component analysis.
Rotation method: Kaiser’s standardized varimax procedure.

ation where declining sales can be expected position themselves strategically, stop planned growth
initiatives and planned investments and wait to
check the real evolution of the market [26, 27].
The second factor includes measures favoring the
development of added value for the customer in order
to tackle the crisis. Those measures aim to increase
client loyalty with the intention of stopping the sales
decline which comes along with an economic crisis
since a relation between customer satisfaction and
performance exists also in crisis times [27, 28, 29].
The third factor groups proactive measures.
According to literature [20, 24, 30] companies
have to undertake these actions to overcome the
crisis. The above cited researchers found that during previous economic crises strengthening of the
commercial area, increased marketing spending
Volume 9 / Number 1 / 2014

as well as successful PR activities were crucial to
reach new market segments, put in the consumer’s
mind the company’s image and conquer clients of
companies that closed down and thus needed new
service providers [27, 31].
The fourth factor includes activities that companies eliminate in order to reduce costs before
recurring to other cost cutting measures. It comprises measures like personnel development and
corporate social responsibility. From an internal viewpoint these factors motivate employees
and impulse a professional career development
through educational measures. On the other hand,
from an external viewpoint these factors are important for small companies since actions undertaken in this domain increase their visibility and
strengthen their market positioning [32, 33, 34].
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Table 2. ANOVA on the obtained factors
Factor
Factor 1 REACTIVE MEASURES
Mean: 2.12
Factor 2 ADDED VALUE
Mean: 2.96
Factor 3 PROACTIVE MEASURES
Mean: 3.18
Factor 4 SOCIAL VALUE
Mean: 2.49
Factor 5 SPECIALIZATION
Mean: 3.72
Factor 6 DRASTIC MEASURES
Mean 2.59
Factor 7 SURVIVAL
Mean: 2.82

Sex
Men
Women
Men
Women
Men
Women
Men
Women
Men
Women
Men
Women
Men
Women

Mean
2.29
1.95
3.13
2.80
3.36
3.01
2.71
2.28
3.80
3.65
2.86
2.36
2.95
2.71

Squared Mean
3.851

F
2.142

Sig.
.142

3.696

2.910

.090

4.072

4.241

.041*

6.260

4.524

.042*

.745

1.370

.244

7.193

6.007

.016***

1.896

1.644

.202

* = Statistically significant, *** = Statistically highly significant.

The fifth factor groups the most drastic cost
cutting measures as for instance lay-offs and renegotiation of corporate debt. In the case of service
industries the lay-offs go in line with a servicelevel reduction and thus might lead to lower degrees of client satisfaction or the loss of the client
[27, 23, 35].
Finally, the seventh factor contains all survival
practices related to the specific environment. Here
we see for instance the imitation of actions of
those competitor’s that seem to be successful or
the reduction of sales objectives according to the
critical situation of the economy. [23].
Subsequently an ANOVA analysis was conducted in order to determine difference between
the decisions made to face the crisis in male and
female-led companies. The results are displayed
in table 2. As can be seen significant differences
were found in three of the seven factors. Robust
statistics from ANOVA found the same results.
As can be concluded from table 2, men and
women make different decisions to face crisis times.
Thus, H1 can be supported. Moreover, women act
more socially responsible in their leadership behavior in times of crisis, a finding that supports H2.
5. Discussion of the results and Conclusions
The findings obtained shed light about women’s
strategic decisions in companies and how they lead.
The study has found mixed results when the
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decisions made with respect to the measures employed in crisis times were analyzed. On the one
hand four of the seven factors which group measures taken by companies in times of crisis show
no significant differences in the leadership behavior of men and women. Thus, both develop, in this
order, added value, specialization, survival and
reactive measures in order to face the crisis.
According to literature, the measures containing added value and specialization are the best to
maintain a company in the market [23, 24, 25, 29,
36]. They enable the companies to focus on the
client while offering better service in accordance
with the client’s necessities, modifying the product offering and developing new marketing and
loyalty strategies. In the case of the reactive measures that men as well as women applied to the
least extent, it can be stated that this is an adequate
decision for survival during crisis times since it is
necessary for companies to look for new clients or
markets and invest [20, 27, 37].
On the other hand, in three of the factors in which
men and women made different decisions women
received lower values. This implies that women
used those measures to a lesser extent than men.
Therefore, it means than women apply less proactive measures in crisis times than men. Proactive
measures are necessary to optimize and evaluate
all the resources of the company and to strengthen
intra-company relationships that the firm developed
before the crisis [25, 27, 38]. These finding could
Volume 9 / Number 1 / 2014
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be related to the fact that women use networks less
than men [39, 40] and thus could lose some business opportunities especially in crisis times.
Women keep the social measures intact and
use to a lesser extent than men drastic measures
to reduce costs. Thus, they might not be able to
reduce costs as far as men. The biggest difference
has been found in this third factor where maleled companies are those that use drastic measures
mostly. Women use a leadership style that is concerned with the employees they work with to keep
their motivation up [41, 42]. This is consistent
with prior literature regarding female leadership
styles [1, 2, 43, 44].
The global results suggest that even though
there seem to be some differences in decision making between men and women there also exist many
similarities. Therefore, both are different in their
leadership style, but it does not imply that women
obtain worse results than men in their companies.
This is confirmed by literature. A study realized by
[45] for the McKinsey Leadership project states
that currently there are no differences between
men and women regarding academic education,
dedication and professional preparation. Given the
need for more leaders that are able to manage successful companies it is hoped that more women
make it to the top in the future.
The resulting findings allow extracting a series
of relevant conclusions for successful management.
First, the studied companies seem to have chosen
the right measures to confront the crisis and survive.
On the one hand, companies led by men decided to
use new distribution channels via new technologies
and networking (Factor 2) while at the same time
taking drastic measures to reduce costs and lay-off
people (Factor 6). On the other hand, companies
led by women strengthened their relationships with
their clients (Factor 3) and added value to their offering (Factor 2) while at the same time keeping
employment and employment benefits (social value, Factor 4) as stable as possible.
Secondly, both women and men are qualified to
respond to the environment’s difficulties and take
the best decisions to maintain a company in the
market although both differ in making decisions
and leadership style.
Therefore as practical advice this paper suggests
that companies should overcome their reluctance
Volume 9 / Number 1 / 2014

and strike down the barriers that hinder women to
climb to the top-management positions given that
the prevailing legends regarding underperformance
and real results do not correspond to reality. On the
contrary, companies might lose valuable opportunities to add to their human resources women that
bring with them an innovative and fresh vision regarding business decisions. The current crisis has
underlined that companies cannot continue to waste
talent but instead have to break with former values
and reinvent the way they operate and react in the
market. In order to do this, they need well qualified
and experienced men as well as women.
Inasmuch this article does not attempt to explain
differences in performance, but only to verify that
managerial decision are affected by gender. Performance in women-led companies should be a subject expanded in the future to satisfy that limitation.
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Abstract
Traffic accidents that happen on RCs (railroad
crossings) usually have serious conse-quences.
The analysis of statistical the data for BiH for
the period of six years, in the period from 2006
to 2011, shows that accidents happened on RCs
with all types of protection. Regardless of various
protection improvements on RCs, drivers’ misbehaviour, through different ways of driving when
using RCs, cause or can cause traffic accidents
on RCs. In this paper, it is described how drivers’
risky behaviour is assessed by RC users coming
from road and railroad infrastructure systems.
For the purpose of the research, 31 engine drivers and 30 drivers were polled, and they had to
answer 18 different questions connected to drivers’ behaviour when driving and using RCs. The
polled used the clash places of road and railroad
traffic and they come from the same area. Both
user groups, on average, understand the dangers
to which drivers expose themselves when it comes
to risky driving when using RCs, but the assessment was not directly expressed for any of the
questions. Engine drivers have higher level of assessment for drivers’ risky behaviour than drivers
themselves. For the assessment of the risk level,
descriptive statistical measures were used, mean,
dispersion. For each question in the poll, the compatibility of the assessment between drivers’ and
engine drivers’ was determined, with the application of Pearson’s correlation coefficient.
Key words: railroad crossing (RC), drivers,
engine drivers, risky drivings
Introduction
On the territory of B&H, there are 449 level
RCs, on which, in the period from 2006 to 2011,
as direct consequences of 179 traffic accidents, 32
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pepole died, whereas on roads, in the total number
of 233 924 traffic accidents, 2 370 people died.
Even though they take only 1.35% of the total
number of those who died in traffic accidents on
roads in B&H, traffic accidents that happen on
RCs have far greater possibility to result in death
than accidents that happen in other places on the
road. Based on the listed data gathered in BIH, the
percentage of dead people in traffic accidents on
RCs is 18%, whereas the percentage of those who
die in road traffic accidents is around 1%.
Traffic accidents on RCs are registered on RCs
with both passive and active protection. Especially alarming is the phenomenon of traffic accidents on RCs with active protection when drivers
are notified that there is a train nearby. The traffic
safety on RCs is of interest to railway companies
and road man-agers especially because they can
potentially cause disasters and media attention and
public disapproval.
As a contrast to other fatal traffic accidents, accidents that happen on RCs are less likely caused
by: fatigue, drugs or narcotics, alcohol, etc. Instead, causes can be more likely ascribed to mistakes in drivers’ behaviour. The exposure of drivers and passengers, when accidents on RCs happen is much higher than it is for the people that are
in trains. For examle, in the period from 2006 to
2011, all those who died on RCs in B&H were the
users or road infrastructure. The problem of traffic
safety on RCs exists and users of road infrastructure are more exposed and the most threatened
ones as participants in traffic accidents are drivers,
and then tractor drivers, cyclists and pedestrians.
2. Bibliography overview
Most traffic accidents on roads are caused by
human mistakes, i.e. mistakes that are connected
to drivers. According to the already conducted reVolume 9 / Number 1 / 2014
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search, for example, the one from 2003, [1] (figure
2), the beginning of an accident is connected to
the driver in 57% of the cases, and if we add to
that road and traffic factors, then it is 93%. The
exact contribution of each factor in traffic accidents on RCs is difficult to be exactly determined,
but usually, there are several factors included in
every accident. In Europe, however, 95% of traffic accidents on RCs are mostly caused by drivers
(European Crossing Forum, 2011).
„Driver behaviour at railway crossings is the
major collision factor“ [2]. When approaching a
railroad crossing, drivers often make risky decisions, they wrongly judge the distance and the
speed of the train, they use the crossing when signs
signal that a train is approaching. Sometimes, they
make unintentional mistakes, they lose their attention, they are distracted while driving, they do not
know enough about the rules of using the crossing.
„Results study indicated that younger drivers
recognize that railroad crossings are potentially
a highly risk intersection yet are still likely engage in risk taking behaviours“ [3], such as trying
to race the train, driving around the lowered gates,
ignoring the warning lights is, as a rule, connected
to younger drivers.
The research conducted in California, USA,
„Between 2000 and 2004, 73% of drivers involved
in crashes had been made aware of the approaching train by the presence of lowered gates“[4].
„Over half of parti-cipants made a violation
at the stop signcontrolled level crossing. This high
percentage of violations is inaccordance with previous crash data analyses, which revealed that,
compared to cross bucks or flashing lights, stop
signs atlevel crossings were associated with the
highest fatality rate (Raub, 2006)“ [5].
[6] indicates the results of the research „Witte
(2000) studied on the driving behaviour of 891
randomly selected residents in Michigan, USA.
Approximately 10 to 20 percent from the total
number of resp-ondents tried to beat the train and
it was considered as a risky behaviour. Most of
the respondents involved were males who love to
have a new experience and challenge themselves,
engaged in such behaviour. However, the results
suggest that due to their high sensation to beat a
train can cause disappointment and misinterpretation on the crossing judgement“ [7].
Volume 9 / Number 1 / 2014

Most of the polled people were men who wanted to have a new experience. Lower speed while approaching a railroad crossing, except for the
safe stopping, at the same time contributes to the
higher quality of visual search, which gives more
time to the driver to safely use the RC.
Documented interviews with engine drivers
show that there are many situations in which drivers consciously decided to ignore signs or signals, maybe because of the time pressure or some
inconvenience [8].
„The work at hand presents the results of an
analysis of 51 accidents at German level crossings
regarding human error contribution on the part of
road traffic users. The results indicate that a halfbarrier protection does not provide a strong enough barrier effect to prevent accidents. It is shown
that, overall, 41,2% of all accidents in the sample
happened at such half-barrier level crossings, thus
making up for the second largest share following light signal system layouts“ [9]. For the period from
2002 to 2012, showed that automatic RC protection
with gates is not efficient enough for the safe use,
especially because of drivers’ behaviour.
„Common sense dictates that railway crossing
with restricted lateral visibility should be more
hazardous than sites with unrestricted visibility
(Schoppert and Hoyt, 1968). However, evidence of
any relationship between lateral sight distance and
accident history has not been consistently demonstrated. Based on the tenets of risk homeostasis theory, (Wilde et al. 1987) explain this disassociation
in terms of motorist compensatory behaviour (e.g.
speed reduction) in response to the perceived risk
associated with restricted visibility“ [10].
Longer visibility on the side enables drivers to
have longer visual search and encourage drivers
to approach RCs with higher speed which causes
a different type of risk. In the USA [11], the efficiency of visual and sound signals on drivers was
researched, in the period when they approach a level RC and it was concluded that visual signal is
more efficient.
Marking of RCs in B&H with traffic signs, for
the phases of approaching and using the dangerous area of an RC, considering the type of protection is shown in pictures 1 to 3. Depending on the
type of protection, on a certain distance before a
railroad crossing, for both directions, static traffic
51
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signs are placed, which inform the driver about
approaching the RC. Right before using the dangerous area, on the distance not shorter than 3m
from the last rail, static or dynamic traffic signs are
placed that give signals that a train is approaching.
Trains have the advantage of using the RCs, so
before using the dangerous area, driver has to be
sure that there is not a train nearby and then continue driving over the crossing. Also, it is engine
driver’s duty, regardless of the type of protection,
when approaching an RC, to give a sound signal
on the locomotive and thus warn the driver about
approaching the RC.
3. The aim of research
The selected group of users of road infrastructure – drivers, and railroad infrastructure – engine
drivers, are the most common participants of traffic accidents on RCs. For example, in B&H, drivers and engie drivers use the same RCs that are situated 50 (km) from Sarajevo. They are situated on
roads that belong to different categories and one
gauge railroad that connects Zenica and Sarajevo.
The aim is to observe and determine how two
groups of users of RCs, coming from two diffrent

infra-structure systems, assess various types of risky
behaviour of drivers who drive vehicles and use
RCs in the observed area. Based on the assessment
results, one of the aims is also to determine if there is
any difference in the assessment of these two groups
of users of RCs and if there is, is it significant.
4. The research method
The place of the research is B&H, the time is
the year 2012. Engine drivers belong to the group
that operates trains in the parts of railroads where
there are RCs used by the polled drivers as well.
RCs, which these two groups of infrastructure users encounter, belong to types of RCs with passive protection, active protection with ligh-sound
signal, light-sound signal with gates and active
protection with gates with manual operation. The
poll questionnaire has been filled in by closely the
number of users from the two infrastructures, 30
drivers and 31 engine drivers. The location where
the poll took place is marked with the red circle on
the map of B&H, see picture 4.
Drivers and engine drivers that were polled had
encountered and used the RCs mentioned above.
The average train driving experience is 12.6 years

Figure 1. Marking scheme for Figure 2. Marking scheme for Figure 3. Marking scheme for traffic
traffic signs on RCs with passive traffic signs on RCs with active signs on RCs with active protection,
protection
protection, light-sound signal
light-sound signal and gates
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and 41.9% of the engine drivers declared that they
had had a traffic accident on a railroad crossing
while driving. How different infrastructure users see the dangerous behaviour of drivers when
using RCs was observed through the questions
answered in the poll. The questionnaire consists
of 18 questions, which describe possible dangerous situations to which drivers expose themselves
while driving and using RCs. The selection of
questions was conducted based on identified types
of risky behaviour that were confirmed and applied through several research studies in Europe
and world, for example (Wallace, Angela 2008;
Witte K, et al. 2000; Heavisides Jay et al. 2008).

ponding risk levels. Classes and colours depend
on the calculated mean for each question. These
formulas were used for calculation:
1
N

x=

σ =

1
N

5

∑xn
i

i =1

5

∑ (x
i =1

i

i

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

- x ) 2 .................... (2)

where:

x - is the mean,
xi - is the risk level from 1 to 5,
ni - is the number of drivers that expressed

opinions on certain risk levels,
N - the total number of the polled users (drivers, engine drivers),
σ - is standard deviation.

Figure 4. The railroad network in B&H, the
location where the poll took place is marked with
the red circle
In order to answer each question, a multiple
choice was offered, a scale for risk level assessment: ‘’very low’’, ‘’low’’, ‘’medium’’, ‘’high’’
and ‘’very high’’.To each of the description risk
levels, numerical values were ascribed, from the
lowest, number 1, to the highest, number 5. For
the groups of the polled and for each of the questions, the mean and standard deviation was calculated according to the answers given. In table
1, classes and colours are ascribed to the corres-

Calculation results for drivers are shown in
table 2, and for engine drivers, in table 3.
Conformity assessment used Pearsnovog coefficient of simple linear correlation, “r”, which
shows the variation of quantitative agreement between the two numerical variable [12]. The coefficient value is between -1 and +1. Depending on
the value of the calculated coefficient, the compatibility level intensity of the risk levels was defined. The formula that was used for calculating
values of the correlation coefficient for drivers and
engine drivers is shown in (3).

rvm =

n∑ xv y m - ∑ xv ∑ y m

(n∑ xv - (∑ xv ) 2 )( n∑ y 2 m - (∑ y m ) 2
2

........................................ (3)
means that, considering the interpretation of
the Pearson’s coefficient, the assessment of driver

Table 1. Ranks and class assessments of drivers’ risky behaviour on RCs in B&H
Ord. No.
1.
2.
3.
4.
5.

Risk level
Very low
Low
Medium
High
Very high
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Colour
(1 –1.5)
(1.5 –2.5)
(2.5 –3.0)
(3.0 –3.5)
3.5 and higher

Rank (colour)
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and engine driver risk levels are uniform and there
is a strong direct connection.
rvm =

5 * 2 2 0 - 3 0 * 31
( 5 * 2 2 0 - 3 0 2 ) * ( 5 * 2 2 9 - 31 2 )
rvm 1 =

11 0 0 - 9 3 0
= 0,89
2 0 0 *18 4

On the same principle, just like in the previous
example, (rvm) are calculated, and for the rest of
the 17 poll, the coefficient values questions, the
results are shown in table 4.
rm - correlation coefficient driver-engine driver,
xv - driver risk level selection,
ym - engine driver risk level selection,
n - 5 risk level.
For the first poll question, according to the formula (3), the dependence coefficient, rvm1, is 0.89.
5. Research results
The poll results for the two different groups
of users of RCs differ for the most questons in
the questionnaire. The processed data obtained
through the poll are shown in picture 5.
The sample shown in the picture shows that
the polled engine drivers, on average, find various
types of driver behaviour when using RCs to be
more risky than drivers themselves think they are.

as “medium’’ risk level, “low’’ and “very low’’
risk level was recorded for only one question or
11.1%, see table 2.
The most dangerous behaviour, ‘’very high’’
risk level, for drivers it is:
– “Overdriving a vehicle (a group of vehicles)
that have already stopped before the RC’’the average risk value is 4.40.
The least dangerous behaviour, “very low” and
“low” risk level, for drivers it is:
– “Vehicle is waiting to use an RC’’- the
average risk value is 1.40.
The greatest dissent in the assessment, in the
poll for drivers, is about the question that refers
to “Using an RC when light-sound signal device
is on and the coming train is not visible.’’ and its
value is 1.35.
The smallest dissent in the assessment, in the
poll for drivers, is about the question that refers to
“Using an RC when light-sound signal device is
on and the coming train is visible.’’ And its value
is 0.70.
Out of the total number of the polled engine
drivers, 41% of them said that they had contact
with road vehicles on RCs while driving.
Out of the total number of 18 questions in the
poll, engine drivers assessed 15 or 83.3% of them
as “very high’’ risk, 2 as “high’’ risk and 1 as “medium’’ risk, see table 3.
The most dangerous driver behaviour, “very
high’’ risk level, for engine driver it is:
– “Racing the train (who will be the first to
use the RC – racing the train on purpose).’’the average risk value is 4.60.
The least dangerous behaviour, “very low’’ and
“low’’ risk level, for engine drivers it is:
– “Vehicle is waiting to use an RC’’- the
average risk value is 2.60.

Figure 5. Risk level assessment chart
Out of the total number of 18 questions in the
poll, drivers assessed 9 or 50% of them as ‘’very
high’’ risk, 5 or 37.7% of them as ‘’high’’ risk, 2
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The greatest dissent in the assessment, in the
poll for engine drivers, is about the question that
refers to “Driving around the lowered gates.’’ and
its value is 1.55. The smallest dissent in the assessment, in the poll for engine drivers, is about the
question that refers to “Speeding while approaching an RC.’’ and its value is 0.80.
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Volume 9 / Number 1 / 2014

1. Using RCs when light-sound signal is on and gates are not yet lowered in the horizontal position.
2. Using RCs when gates are lowered by goin around the gates.
Using RCs when light-sound signal is on and gates are going up but still are not in the vertical
3.
position.
Slowing down without stopping before the signs ‘’Andrea’s cross’’ and ‘’STOP’’ on RCs with
4.
passive protection.
Driving without stopping before the signs ‘’Andrea’s cross’’ and ‘’STOP’’ on RCs with passive
5.
protection.
Driving without visual search for the possible train coming to the RC marked with signs
6.
‘’Andrea’s cross’’ and ‘’STOP’’.
7. Using the RC when the coming train is on a visible distance.
Using the RC marked with signs ‘’Andrea’s cross’’ and ‘’STOP’’ when railroad vehicle is using a
8.
part of the RC.
9. Vehicle is waiting to use an RC.
10. Driving around the lowered gates.
11. Racing the train (who will be the first to use the RC – racing the train on purpose).
12. Speeding while approaching an RC.
13. Outdriving a vehicle (or a group of vehicles) that have already stopped before an RC.
14. Visual search from the vehicle while approaching an RC without stopping or slowing down.
15. Using an RC when light-sound signal device is on and the train is not visible.
16. Using an RC when light-sound signal device is on and the coming train is visible.
When using RCs marked with signs ‘’Andrea’s cross’’ and ‘’STOP’’, following the vehicles ahead
17.
without the visual search for the coming train.
Using an RC when it is practically impossible to see the coming train (parking, visibility,
18.
buildings...).
ASSESSMENT MEAN FOR RISK LEVEL FOR DRIVERS

Write “X“ for each risk level listed

2
5
5
2
0
0
4
2
1
6
0
3
2

0
2
1
12
1
1
2
1
2
5
0
0
0

3

13

15
2
3
10
3
5
8
4

3

10

2

18

15

8

1
15
15
9
5
20
6
12

1

10

15

5

5

6

0
12
11
5
19
2
5
14

20

3

11

5

4

2

3.6

1.4
4.2
4.1
3.2
4.3
3.5
2.7
4.3

4.1

3.1

4.2

3.4

2.8

2.00

3.30
4.20

3.47

2

0

10

4

6
13

i =1

5

i

i

∑xn

2.22 3.06 7.22 9.28 8.22

8

3

9

8
13

1
N

4.1

7

8

10
2

x=

10

4
2

2
0

Very low
1
Low
2
Medium
3
High
4
Very high
5

σ=

GROUP 1. DRIVERS
Please assess the amount of risk of drivers’ behaviour, while using a railroad crossing, which can be the cause of collision between railroad and road vehicles.
DRIVERS’ BEHAVIOUR ON RAILROAD CROSSINGS
RISK LEVEL

Table 2. Results of the poll for drivers

0.99

0.83

0.87

1.26
0.84
0.86
1.12
1.11
0.92
1.35
0.70

1.26

0.81

0.82

0.91

1.03

1.30

1.15
0.84

1 5
∑ ( xi - x )2
N i =1
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x=

1.17
0.90
1.23
1.51
1.41
1.36
0.91
0.80
0.91
1.05
0.97
1.38
1.06
0.97
1.12

4.4
4.0
3.7
2.6
4.0
4.6
4.5
4.5
4.2
4.0
3.9
3.8
4.4
3.88

1 5
∑ ( xi - x )2
N i =1

3.8

σ=

0.85

i

3.8

i

1.16
1.55
1.13

i =1

5

∑xn
3.4
2.8
3.6

1
N

RISK LEVEL

1. Using RCs when light-sound signal is on and gates are not yet lowered in the horizontal position.
2
5
8
10
6
2. Using RCs when gates are lowered by goin around the gates.
7
10
4
1
9
3. Using RCs when light-sound signal is on and gates are going up but still are not in the vertical position. 1
5
8
9
8
Slowing down without stopping before the signs ‘’Andrea’s cross’’ and ‘’STOP’’ on RCs with passive
4.
0
1
11 11
8
protection.
Driving without stopping before the signs ‘’Andrea’s cross’’ and ‘’STOP’’ on RCs with passive
5.
2
3
3
13 10
protection.
Driving without visual search for the possible train coming to the RC marked with signs ‘’Andrea’s
6.
1
1
0
12 17
cross’’ and ‘’STOP’’.
7. Using the RC when the coming train is on a visible distance.
2
3
5
10 11
Using the RC marked with signs ‘’Andrea’s cross’’ and ‘’STOP’’ when a railroad vehicle is using a
8.
4
5
2
5
15
part of the RC.
9. Vehicle is waiting to use an RC.
10
6
6
5
4
10. Driving around the lowered gates.
3
3
2
7
16
11. Racing the train (who will be the first to use the RC – racing the train on purpose).
0
3
0
4
24
12. Speeding while approaching an RC.
0
1
3
6
21
13. Outdriving a vehicle (or a group of vehicles) that have already stopped before an RC.
0
2
3
3
23
14. Visual search from the vehicle while approaching an RC without stopping or slowing down.
1
1
6
7
16
15. Using an RC when light-sound signal device is on and the train is not visible.
1
8
0
10 12
16. Using an RC when light-sound signal device is on and the coming train is visible.
3
3
4
5
16
When using RCs marked with signs ‘’Andrea’s cross’’ and ‘’STOP’’, following the vehicles ahead
17.
2
1
6
14
8
without the visual search for the coming train.
18. Using an RC when it is practically impossible to see the coming train (parking, visibility, buildings...). 1
1
2
9
18
ASSESSMENT MEAN FOR RISK LEVEL FOR DRIVERS
2.22 3.44 4.06 7.83 13.4

Write “X“ for each risk level listed

DRIVERS’ BEHAVIOUR ON RAILROAD CROSSINGS
Very low
1
Low
2
Medium
3
High
4
Very high
5
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Please assess the amount of risk of drivers’ behaviour, while using a railroad crossing, which can be the cause of collision between railroad and road vehicles.

GROUP 2. ENGINE DRIVERS
I have been working as an engine driver for_____years, and for that period I have participated in _____collisionswith road vehicles. /(I have not participated in
collisions with road vehicles).

Table 3. Results of the poll for engine drivers

technics technologies education management
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Table 4. Results for compatibility for each question in the poll for drivers and engine drivers

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
Average

very high

4.

high

3.

medium

2.

low

1.

RC users

very low

Poll
question
(number)

Compatibility of risk level for drivers and engine drivers

drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers
drivers
engine drivers

2
2
0
7
8
1
3
0
0
2
0
1
2
2
1
4
12
10
1
3
1
0
2
0
1
0
2
1
5
1
0
3
0
2
0
1
2.22
2.22

4
5
2
10
7
5
8
1
0
3
2
1
5
3
5
5
2
6
0
3
0
3
4
1
2
2
1
1
6
8
0
3
3
1
2
1
3.06
3.44

10
8
2
4
9
8
10
11
15
3
2
0
10
5
3
2
15
6
2
2
3
0
10
3
3
3
5
6
8
0
4
4
13
6
3
2
7.22
4.06

8
10
13
1
4
9
5
11
5
13
15
12
10
10
1
5
1
5
15
8
15
4
9
6
5
3
20
7
6
10
12
5
8
14
15
9
9.28
7.83

6
6
13
9
2
8
4
8
5
10
11
17
3
11
20
15
0
4
12
16
11
24
5
21
20
23
2
16
5
12
14
16
6
8
10
18
8.22
13.4
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rvm =

n∑ xv y m - ∑ xv ∑ y m

(n∑ xv - (∑ xv ) 2 )( n∑ y 2 m - (∑ y m ) 2
2

0.89 (direct strong correlation)
- 0.29 (insignificant correlation)
-0.50 (insignificant)
0.30 (insignificant)
-0.08 (insignificant)
0.89 (direct strong correlation)
0,26 (insignificant)
0.95 (direct strong correlation)
0,65(insignificant)
0.73 (direct significant
correlation)
0.51(insignificant)
0.06 (insignificant)
0.99 (direct strong correlation)
0.10 (insignificant)
0.11 (insignificant)
0.78 (direct significant
correlation)
0.53 (insignificant)
0.74 (direct significant
correlation)
0.73 (direct significant
correlation)

57

technics technologies education management

6. Research result discussion and analysis
According to the established class of risk, engine drivers give higher assessments to the dangerous drivers’ behaviour. All types of drivers’ behaviour were not assessed with equal risk level by
both engine drivers and drivers themselves. According to drivers, 77.8% of types of drivers’ behaviour are assessed as ‘’high’’ and ‘’very high’’
risk level, whereas according to engine drivers,
the same assessment goes for 83.3% of types of
drivers’ behaviour.
The degree of the assessment correlation of the
risk level for the drivers, whose dangerous behaviour varies on different RCs, based on engine drivers’ and drivers’ assessment, is mostly different
and it is higher according to engine drivers than
according to drivers. The reasons for this can be
connected to engine drivers’ greater driving experience and knowledge when using RCs, because
each of them has driver’s license at the same time.
Out of the total of 18 questions which describe
dangerous activities that drivers do when using
RCs, direct assessment correlation between engine drivers and drivers is confirmed for these
seven questions in the poll:
– Using RCs when light-sound signal is on and
gates are not yet lowered in the horizontal
position.
– Driving without visual search for the
possible train coming to the RC marked
with signs ‘’Andrea’s cross’’ and ‘’STOP’’
– Using the RC marked with signs ‘’Andrea’s
cross’’ and ‘’STOP’’ when a railroad vehicle
is using a part of the RC.
– Driving around the lowered gates.
– Outdriving a vehicle (or a group of vehicles)
that have already stopped before an RC.
– Using an RC when light-sound signal device
is on and the coming train is visible.
– Using an RC when it is practically
impossible to see the coming train (parking,
visibility, buildings...).
7. Conlusion
Risky types of driving when using RCs do exist, they have been documented and confirmed
through various research around the world. In
58

BIH, the research confirms that both engine drivers and drivers, in general, do understand the dangers to which drivers are exposed when using RCs
through various types of driving.
All the risky types of driving, which were the
subject to assessment, were not equally assessed
by engine drivers and drivers and it was confirmed
that when it comes to larger number of risky types
of driving, there is no direct correlation of the assessment of the risk level.
In general, engine drivers assessed dangerous types of driving with 3.88, whereas drivers’
assessment is 3.47, which correlates to very high
risk level, or high risk, according to the defined
risk level class. The average value, related to all
questions in the poll and all defined levels of risky
driving, shows that there is a strong assessment
correlation between engine drivers and drivers.
Data on traffic accidents that happen in BIH and
around the world show that conflicts between the
two types of users of level RCs still exist regardless
of the application of preventive measures. Choosing the efficient preventive measures focused on
RC users coming from both infrastructure types
will remain one of the tasks for future research.
References
1. Road accident investigation guidelins for road engineers, PIARC 2007.
2. Li-Sian T. et al. Measuring driver responses at railway level crossings. Accident Analysis & Prevention,
Elsevier. 2011; 43(6): 2134-2141.
3. Wallace A. Motorist behaviour at railway level
crossings: The present context in Australia, A thesis
submitted for the Degree of Doctor of Philosophy,
Queensland University of Technology. Center of Accident Research and Road Safety-Queensland, Brisbane, Australia, 2008.
4. Cooper, Douglas L. et. al. Driver Behavior at Rail
Crossings: Cost-Effective Improvements to Increase
Driver Safety at Public at-Grade Rail-Highway Crossings in California, Final Report for Task Order 5208.,
Institute of Transp-ortations Studies. University of
California, Berkeley, 2009. ISSN 1055-1425. 2009.
5. Rudin-Brown CM. et. al. Effectiveness of traffic light
vs. boom barrier controls at road–rail level crossings: A simulator study, Accident Analysis and Prevention, Elsevier, 2011; 45 (2012): 187–194.
Volume 9 / Number 1 / 2014

technics technologies education management

6. Siti Zaharah I. The development of railway level
crossings safety assessment model: A reserch. 29th
Conference of Australian Institutes of Transport Research (CAITR) Adelaide, 2007.
7. Witte K. et. al. Preventing vehicle crashes with trains
at grade crossings: th risk seeker challenge, Accident
Analysiss and Prevention. PMID: 10576683 [PubMedindexed for MEDLINE], 2000; 32(1): 127-39.
8. Davey J. et al. The experiences and perceptions of
heavy vehicle drivers and train drivers of dangers at
railway level crossings. Accident Analysis and Prevention, Elsevier, 2008; 40(3): 1217-1222.
9. Grippenkoven J.et al. The role human error in accidents at German half-bariere level crossings, Level
Crossing, London 2012.
10. Ward and Wilde. Driver approach behaviour at
an unprotected railway crossing before and after
enhancement of lateral sight distances: An experimental investigation of a risk perception and behavioural compensation hypothesis, Safety Science,
1996; 22(1-3): 63-75.
11. Benekohal RF. et al. Analyses of Drivers’ Responses
to In-Vehicle Receiver, (IVR) after Experiencing One
Mode of Operation, Department of Civil and Environmental Engineering University of Illinois 2004.
12. Lovric N. i ostali. Statisticka Analiza-Metodi i
Primjena, Ekonomski fakultet, Banja Luka, 2006.
Corresponding Author
Vahid Djozo,
Railways of the Federation of
Bosnia and Herzegovina,
Sarajevo,
Bosnia and Herzegovina,
E-mail: vahidkenan@gmail.com

Volume 9 / Number 1 / 2014

59

technics technologies education management

BSC methodology to improve operations at
Hydro Power Plants on the Trebisnjica
Rada Kucinar1, Slavko Arsovski2, Predrag Pravdic2
1
2

Hydro Power Plants on the Trebisnjica, Trebinje, Bosnia and Hercegovina,
Faculty of mechanical Enginering, University of Kragujevac, Serbia.

Abstract
In this paper we started from establishing of
management by performances on the basis of
“step by step” balance, modeled on Kaizen’s approach of constant improvements.
Such approach does not represent financial burden for organization. It does not bring abrupt and
large changes, but it provides gradual advancement
of business through modernization of work process.
Classical systems of measurement prevent the
realization of the basic purpose of measurement,
i.e. to identify measures and actions necessary for
continuous improvement. The authors of this paper, using the methodology of Balanced Scorecard
(BSC) in the classical system of financial reporting, have confirmed the following hypothesis:
– TQM models were among the first initiatives
of performance measurement that highlighted
the inadequacy of traditional accounting
measurements for management purposes,
– Performance balanced scorecard model
helps to overcome limitations for effective
performance measurement. [1]
Key words: management process, measuring,
performance, improvement, TQM, BSC, new approach of integration of classical financial reporting, processing approach, BSC concept
1. Introduction
Improvement of effectiveness and efficiency of
quality management system aims at improving financial results of the organization.
The subsidiary joint-stock company “Hydroelectric powerplants on Trebišnjica”, Trebinje
(HET) received the certificate of compliance with
the requirements of standards ISO 9001, ISO
14001 and OHSAS 18001 in October 2010 (Integrated Quality Management - IQM).
60

Accurate and timely information on degree of
meeting the set goals, and especially non financial
initiators in causal-consequential chain of making
new value, are precondition of continuous improvements. With use of BSC methodology we determine the improvement initiators and we make
specific the key success indicators. By constant
management reconsidering, we achieve continuous improvement of organization effectiveness.
Performance management, from quality aspect, is applied in logical and system approach.
Improvement of performances with gathering and
processing of information of financial, as well as
of non financial character, is in the center of analysis of organization success. We considered the
application effects of modern software solutions
(BSC) on monitoring and measuring of achieved
results of improvements. The found solutions in
the mentioned research are also experimentally
checked on three companies. In the end of the
analysis we chose the most optimal solutions for
organization. Such approach enabled that through
general hypothesis from management by quality
and financial management by integration of management processes with performance management
we are able to perform the modeling of infrastructure of business reporting according to the needs
of request of Series of ISO standards within BSC
framework. The final result of research is summarized in Model of integrated management quality
aims based on balances and Integrated in Sydney
model as periodic process of improvement based
on BSC perspectives.
There are less and less dilemmas: that classical indicators of business sucessfullness, such as
increase of total income, profit or money flow do
not reflect real business capability of the company,
because they do not say whether companies make
values or not. [2].
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2. Performance trends according to the
balance
Business Excellence is based on the transfer of
principles and tools of quality management into
business management, or in other words, the ultimate goal of TQM-based quality management is
achieving organization’s business success in terms
of finances and meeting the demands of all stakeholders. TQM is a combination of all approaches to
quality management, aimed at improving company
performance. This is a business philosophy, lifestyle,
culture of its people and the choice of techniques for
successful realization of company goals [1].

Here is the review of HET financial results for
five years period; after deep structural analysis we
will use itfor defining aims of improvement in spirit
of business excellence (Table 1). Starting from these
aims, as quality aims, we will improve managament
process in the company. The stress is on measurements of performance of the business performances.
Self-judging enables to make a connection and
coordination between systematic managament efforts which are done in organization for achieving
excellence and degree of excelence by application
of the concept of continuous improvements and
inovations [3].

Table 1. Success balance (BU) – shortened scheme for the period 2006-2010
Groups of
accountor
Position
accounts
1
2
Business incomes
Incomes coming
61
from sale
Value change
biological property
Value change of
performance stock
Other business
64, 65, 67
incomes
Incomes from joint
companies
Business
expenditures
Purchase value of
the sold goods
Expenses for
512, 513
material
Expenses of
52
gross incomes,
compensations
Amortization
540
expenses
Losses from
property devaluation
53, 541, 55, Other business
57
expenditures
Financial
expenditures
Profit or deficit
before taxation
Income tax
Net profit
(Deficit) Period
Volume 9 / Number 1 / 2014

No of
note?
3

Achieved.
I - XII 2006
4
48.921

Amount in 000 KM
Ach. I-XII Ach. I-XII Ach. I-XII Ach. I-XII
2007.
2008.
2009.
2010.
5
6
7
8
30.512
48.600
64.699
66.613

1

47.852

30.152

47.725

64.072

65.521

2

0

0

-

-

-

3

0

0

-

-

-

4

1.068

360.035

875.270

627

1.092

5

0

-

-

-

46.145

53.661

55.272

-

-

44.693

42.878

6

0

7

1.382

1.109

1.309

1.129

2.015

8

12.354

14.549

14.380

17.202

17.376

9

16.245

18.020

18.181

16.104

16.000

10

0

0

-

-

-

11

14.710

9.197

12.273

19.225

19.880

12

1.768

1.046

(498)

693

1.776

13

2.459

(13.412)

1.956

11.731

13.118

(116)

-

840

1.522

(13.295)

1.956

10.890

11.595

14
15

2.459
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On the basis of the presented financial reports
we conducted an analyses of:
– Productivity/Yield
– Propertry and
– Financial position of company.
Productivity/Yeild, ie. profitability is expressed
through the following productivity rates:
– Gross yiels rates on total capital, calculated
from the relationship of business profit and
total capital;
– Gross yiels rates on total capital, calculated
from the relationship of net profit and
interest expenditures on one side and total
capital on the other side and
– Gross yiels rates on own capital, calculated
from the relationship of net profit and own
capital.
In normal work conditions, if property structure considerably deviates on behalf of permanent
property, is indication of low degree of capacities
usage. Example of HET with its property structure
points out that this is the company of high-capital
activity, which demands its being also highly accmulative. The value of premanent property in the
given period is on behalf of current assets reduced
participation in structure for more than 5 index
points, which is not an improvement.
Financial position has been considered through
analyses:
– Liabilites structure
– Financial stability

– Indebtedness and
– Solvency
It is necessary to estimate the trend regarding
movement of disposable capital in certain period
(is it increasing or decreasing, nominally and with
changed structure). If oscillations are smaller, they
cannot significantly influence company’s payment
ability. Nominal capital increase with decrease of
paricipation procent on behalf of increase of obligations is a negative trend which, unfortenately, continues. Non-distributed gain appears as free source
and it increases the capital, but its influence is minor.
Financial stability (long-terma financial balance) has been established when long-term linked
property is equal to the permanent and long-term
capital, so conditions for maintaining liquidity are
created within long-term financing (coefficient of
financial stability should be less than 1: Table 2.).
Financial stability indicates satisfactory trend.
The real strategy implies accordance of interest
of all elements and determining mechanisms by
which a balance would be maintained. However,
continuous measuring of performance enables
timely and corrective steps to be taken and if necessary, changing of strategy [4].
However, without change of conditions in macro economic layout, it would be difficult to find solution which would be more optimistic for positive
trends in HET. Therefore, it is difficult to find solution which would be in function of more optimistic expectations for positive trends in HET without

Table 2. Financial stability according to the Balance sheet (BS)
Ord. No.
1
BS ADP 001

Description

2006

2007

2008

2009

2010

1

2

3

4

5

6

Permanent property

988.932.403

974.219.168 900.525.286 888.677.976

Capital decreased for
2
loss to the amount of 998.201.507 986.901.130 935.748.260 948.305.303
BS ADP 101
the capital
3.
Long-term obligations 20.403.011
12.478.877 5.243.086
5.865.556
BS ADP 133
Permanent long-term
4=2+3
1.018.604.518 999.380.007 940.991.346 954.170.859
capital
Coefficient of financial
5=1/4
0.97
0.97
0.96
0.93
stability
6=4-1
Free capital
29.672.115
25.160.839 40.466.060 65.492.883
7=1-2
Missing capital
9.261.929
62

883.249.701
953.651.954
7.140.558
960.792.512
0.92
77.542.811
-
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changes on macro economic layout. Therefore, urgent actionf of managament process improvement
are necessary. Modelling will be done with BSC.
3. Balance analyses in BSC framework
In this paper the analyses of HET financial and
lucrative position is approached through data from
annual financial reports, decomposed to components through vision of BSC perspectives.
Defining of improvement measures is easier with
help of BSC framework. The results of business
analyses are the directions of improvement. Further,
with continuous application of 3P-approach (checkreconsider-improve), practically through system of
self-estimationand with help of BSC framework,
trends of defined indicators are measured. In this example, through management of quality system we
achieve management of company performances, by
establishing management with aims of improvement
of process performances. So, with making improvements through continuous setting of improved aims
and measuring their achievements, we manage the
business success. In the center of consideration is the
process of improvements management. So, the application of systematic approach and managements

of processes through the process of management improvements of indicators regarding financial reporting in BSC environment enables monitoring trends
of improvement. The base is in detailed business
analyses, of balance sheet as presentment of property
situation of the company, as well as success balance,
as the expression of business activities results. By
analyses of cash flow enabled is the access to causal
and consequential relations within flows of financing and investing as well as flows of incoming and
outgoing money. Financial reports (Balance sheet –
BS; net money flow – NMF; changes on capital) are
presentment of all activity flows in the company. By
defining improvement factors, combination of nonfinancial indicators, as initiators of improvement,
with financial indicators as consequential and their
building up into the aims of quality, confirmed is
the existence of relation between management process of managing improvements and performances
of quality of the company. By defining relations between management though process of improvement
managements, building up improved indicators from
financial reports into the quality aims, confirmed is
that quality of management process from financial
reports into aims of quality, confirms that the quality
of management process of managing improvements

Table 3. Degree of indicator’s achievement according to BSC
Perspective

Measure(indicator)as per perspectives
M1-Productivity of employees production kWh as
Studies of
per employee
innovativeness
M- 2 amount% of earning in business expenditures
and development
M- 3 No of shareholders of
of employees
payable dividends
(P1)
M- 4 No of injuries at work
M- 5 Expenses of production services
Internal processes M- 6 %Expenses Am / in business expenditures
(P2)
M -7Business expenditures
M- 8 Investments
M- 9 Electro-energetic balance kWh-plan
M- 10 Continuous interruptions/No of stoppages
due to breakdowns
Consumers
(P3)
M- 11 % f participation of ZP HET in total
production of MixedHoldinga
M- 12 Expenses for fares
M- 13 Business income
M- 14 Profit
Financial
(P4)
M- 15 ROA Disgorgement on business assets
M- 16 Indicator of general liquidity
Volume 9 / Number 1 / 2014

2006.

2007.

2008.

2009.

2010.

64

48

57,33

64

72

54,17

66,67

65,83

77,08

79,17

67,07

43,9

43,9

58,54

54,88

70
73,86
71,43
64,56
72
64,1

60
60,23
80,52
58,23
64
64,1

62
62,5
74,03
64,56
66
65,38

65
56,82
61,04
74,68
64
65,38

60
70,4
58,44
81,01
68
65,38

61,04

57,14

64,94

48,05

57,14

67,86

59,52

59,52

70,24

77,38

45
76,25
60,24
51,25
56

48
51,5
-60
38,55
40

75
76,25
60,24
51,25
65

60
81,25
68,67
57,5
69

63
86,25
74,7
65
40
63
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Table 4. Average degree of indicators achievement as per perspectives
Financial perspective
Perspective of buyers
Perspective of internal processes
Perspective of studying and development
Total

2006.
66,14
62,77
67,55
63,46
64,87

2007.
57,31
51,5
61,17
61,14
56,38

Image 1. BSC Chart of performances achievement from the Balance
Translation Image 1

2008.
66,95
67,26
65,17
58,6
65,02

2009.
72,52
63,3
69,22
67,13
68,02

Balanced scorecard MH “ERS”, ZP “HET” a.d. Trebinje 2010.
Financial perspective
Total expenses
Business result income/loss
Current means
Short-term obligations
Claims from sale
Money spent for the paid dividends
Money spent for activities of investing
Incomes u activity of investing
Changes of the capital t the end of the period with regards to the beginning of the period
Value of investments during calculation period
Expenses for fares, advertising and propaganda and other expenses
Expenses of production services
Perspective or users
Participation of ZP HET in total production of MH EPRS
Recommended price by RERS
Part of income belonging to shareholders by decision of Supervisory board
No of energetic re-balances (MH ERS)
Perspective of internal processes
Number of dropouts due to the damas on installations
Participation of gross compensations and incomes in total expenditures
Number of contracts regarding investments and their participation in total
Indicator of general liquidity current assets/short-term obligations
ROA= net income/total assets
Perspective of studying and development
Number of employees in production and technical preparation larger than 60%
Number of injuries at work
Annual expenses of fairs as per employee, and similar
64

2010.
75,2
65,83
75,86
67,13
70,91

76,16
76.55
76.67
39.73
69.74
82.00
74.00
67.00
82.00
79.00
78.00
49.00
71.00
67.00
71.87
27.71
69.23
78.82
70.00
70.37
24.00
40.70
31.17
67.00
69.20
56.36
62.50
22.73
53.16
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is crucial for the quality of company as a whole.
Defining of relations between management by process of managing improvements, by embedding improved indicators from financial reports into quality
aims, confirms that quality of management process
by improvements is determining factor for the quality of the company as a whole. Quality of managing
process by aims of improvement is directly in function of quality of company performances (Image 1).
Clearly defined improvements are translated into the
system of indicators whose embedding into aims
of quality realizes the quality of company’s performances. (Table 3). That spiral of quality is the road of
the company’s success as much as the real initiators
of improvement are recognized and are being proactively managed (Image 4).
By analyses of the level of performance’s
achievement per years we conclude that the critical success factors are:
– Indicator of general liquidity
– Business result
– Number of dropouts due to the damages at
the installation
– Expenses due to paid dividends
– Demands from sales
4. Balances, BSC and QMS
Strategic map should more clearly show causal-consequential relationships and connections
between performances measurements of different
dimensions, through which improvements and desired results can be achieved. Namely, it connects
desired results with determinants of those results.
Strategic map shows how should one organization turn its initiatives and resources (material and
non-material) into achieved economic effects.
So, in HET, the initial step was creation of strategic map on the basis of the forms for financial reporting, which made easier defining of aims and made
conditions for monitoring aims of improvement and
measuring degree of their realization (Image 2.)
There are three the most common used purposes of BSC: bringing of decisions, rationalizationand coordination and control [5].
Without these trhee components there is not a
possiblity of managing the business improvements.
BSCis perfectly accorded withTQMprinciples,
although fromTQMwe cannot see move of qualVolume 9 / Number 1 / 2014

ity into financial success, whichBSCprovides. The
initiative for quality improvement, efficiency and
efficiency of inernal processes is also reflected in
aims of BSC. Developing ofTQM principle towards innovative processes and improvement of
relations with buyers/users of projects/services is
also noticedin aims of some internal business processes. Therefore, companies which already apply
methods of continuous improvement and metrics
of TQM, have possibility to build up their programs
with strategic directid framewrok BSC. BSC reorganizes principles of TQMinto new frames. BSC,
in several ways, improves the efficiency of TQM
program. It first identifies those internal processes
for which the improvement will be of extreme importance for success of the strategy. In majority of
companies, local TQM programs are successfull,
but their influence cannot be observed in financial
or some other similar performance.
5. Research results
Therefore, there is no doubt that QMS and BSC
have the same goal, and that is advancement of
organizational performances. Thereto, the road in
reaching aim is different for these two modes. QMS
implementation, surely, leads firstly to greater satisfaction of users, and also whole performances of
the organization. Implementation of BSC demands
deeper understanding of critical success factors of
organization from more aspects as well as measuring and performing in their areas [6].
Many large organizations work with measuring
management systems such as BSC but they also
do that often in QMS environment which often
represents certain challenge, since BSC and QMScan have common essential elements [7]:
– Based on measuring
– Push to the dialog on performances
advancement
– Direct to changes and actions
– Are based on principles, studying and
feedback
– Long-term success of the model depends
on determination of management for
performances advancement
– They both deal with causes, consequences
and
– They both follow the structure of the process.
65
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Image 2. Example of the profit and loss report (BU)
Translation Image 2
Financial perspective
Profit and loss report
Perspective or users
Chedule/Production
Tariff/Income
Chare/Holders
Perspective of internal processes
Business Incomes/Expenditures
Financial Incomes/ Expenditures
Other Incomes/ Expenditures
Other Losses/Profit
Perspective of studying and development
Stimulative part of income earnings
Earnings per action
Average number of employees according to hours of
work
Average number of employees at the end of the month

66

In praxis I many cases of BSC do not represent nothing else but formalized collection and
analyses of “recordings” and thus also recordings
of quality in order to demonstrate effectiveness of
the process which has always been request of ISO
9001 standard. The use of BSC provides organizations from the top downwards, a clear focusing
on the collection and analyses of the quality of
recording, and the same is also in the (ISO9001
section 8.2.2 Internalcheck) stressed the need of
check (documentation) aiming to meet requested
demands [8].
Image1. Confirm the importance of choosing
key indicators of success and creating conditions
for proactive management of causal-consequential bonds of non-financial and financial performances of quality. Measuring of advancement as
per Sydnay model visually gives a clear picture of
improvement achievement, as well as the level of
unused potential (Image 3.)
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Image 3. Example of results presentation according to Syday model [8]
6. Instead of conclusion
Analysing financial position of HET we observe
increase of efficiency regarding expenses management. Hypoteseis that analysis in BSC makes measurement and analyses easier and improve the organisation performances, has been confirmed.
System orientation of management becomes
fully expressed by according the system for
Sistemska orijentacija menadžmenta dolazi do punog izražaja usklađivanjem sistema za providing
quality with standards ISO 9000, and it is based
on the preventive. By further development of the
system for management with quality according to
the standards ISO 9000, orientation to effectiveness and efficiency of the organization becomes
stronger. At the same time, with mentioned orientations within system of quality, demands for its
constant improvement become larger [9].
Thus, establishing of management by performances, the process after process would enable
gradual widening of management by performances through the whole system. Process chosen as the critical one from the aspect of reaching
goals, which is at the same time one of the key
processes in the system, by putting under control
and improvement on the basis of management by
performances, would represent good example of
efficiency for other processes in the system too.
In thispaper the application of strategic system of
management by performances is especially considered such as is BSC because of its special orientation on cascading aims which, in fact very much
contribute to achievement of the defined strategy.
Namely, BSC model, created for certain process
Volume 9 / Number 1 / 2014

provides measuring of success of that process with
regards to the defined aims but it also provides
integration with BSC models of other processes.
By incorporating these BSC models we get one
comprehensive, strategically oriented, system of
management with performances which would be
formed by gradual advancement of organization
business.
Therefore it is necessary, today more than before,
to ask question of possibility of bringing closer the
management accounting to the demands of business management, all in the interest of existence,
growth and development of the company [10].
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Abstract
This paper presents a methodology and technological process of making color- composite satellite
maps using Landsat TM 5 images. In addition to
Landsat TM 5 images in the realisation of the practical part of the paper the original topographic data
retrieved from the appropriate topographic maps
have also been used. The final result includes the
process of making a digital color-composite satellite topographic map in the scale of 1:200.000,
which has multiple functions within a number of
geodisciplines and other scientific fields.
Key words: Satellite images, Landsat TM 5
satellite, topographic map, color-composite satellite topographic map 1:200.000
1. Introduction
The application of satellite images in the field
of cartography and GIS in Serbia and abroad today is more widespread due to the very high resolution images below 50 cm. On the other hand the
spectral quality of satellite images themselves is
being increased to great extent and the possibilities of using satellite images channels from the
visible and infra-red part of the spectrum (IR) and
panchromatic (PAN) images are increasingly being combined. In the beginning of this study the
methodology and the tests have systematically
been carried out and consequently the possibilities
of using the channel Landsat TM 5 images of the
visible and infra-red part of the spectrum for the
purposes of making the color-composite satellite
topographic maps have also been discussed.
Based on a survey conducted in the U.S., the
multispectral scanner built into the satellite Landsat TM 5 detects images of good geometrical
properties. The average error situation, obtained
from control measurements, is about 30 m within
the scanner observing field. The high accuracy of
Volume 9 / Number 1 / 2014

Landsat TM 5 images is primarily attributed to the
stability of the satellite, the built-in scanner and
geometric, radiometric and atmospheric correction of satellite images, which are introduced before Landsat TM 5 satellite images reproduction.
The resulting images are an appropriate pictorial
basis for making color-composite satellite topographic maps in scale of 1:200.000 (TM200).
With the aim of testing the process of making
color-composite satellite TM200 using the channels of Landsat TM 5 images of visible and infrared part of the spectrum, the testing area (s/e part
of Montenegro) and n/w part of Albania have
been selected, as a pilot area for its diverse geographical properties.
The applied process of making color-composite
satellite TM200 is very complex and involves a series of complex operations: the selection of appropriate channels of Landsat TM 5 image digital form,
with the goal of collecting as many qualitatively
new data on the experimental area, the geographical localization of Landsat TM 5 images, making
color-composite background of Landsat TM 5 image, reproduction of original scanning of TM200
topographic content, digitization elements of relief, communications, hydrography, administrative
boundaries, natural and artificial objects, making of
geographic names, as well as graphic designing of
color-composite satellite TM200 contents.
2. Methodology of making colo-composite
satellite maps scale 1:200.000
In order to determine the methodology for
making of color-composite satellite TM200, in the
beginning was selected the experimental area.
The image Landsat TM 5 covers the surface of
the Earth from 185km x 185km and has 7 channels.
Seven channels (1,2,3,4,5 and 7) include 30x30m
spatial resolution, channel 6 is the infra-red (IR)
69
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120x120m resolution. Like the original image material aimed at creating a color-composite satellite
TM200, the channels 2,3,4, 5 of Landsat TM 5 image have also been used, so as to collect as many
qualitatively new data for that area as possible. In
Figure (1a, 1b, 1c, 1d,) are shown in parts specified channels covering s/e of Montenegro and n/w
of Albania. Presentation of the spectral scope and
the channels purposes is given in Table 1.
2.1 Geographic localization of Landsat TM 5
image
Geographic localization of a satellite image
involves determining the angle coordinates of the
image frame, the determination of the image main
point (GT), and some of the characteristic ground
control points, which can be clearly identified in
the image and a ground control-topographic map,
which in itself serves as the basis for further data
processing of the the image.
The geographic localization process of the
Landsat TM 5 collected images involves the following procedures:
– Identification of the recorded field;
– Selection of the check and the ground
control maps;

– Selection of the ground control and check
points on the ground control map and a
ground control satellite image;
– Reading the coordinates of the ground
control and check points on the ground
control map and the satellite imagery;
– The transformation of the check points
coordinates;
– Determination of the coordinates of the
characteristic points by interpolation
employing the method of least squares on
channels 2 and 4 of Landsat TM 5 imagery.
Identification of a surveyed area in the imagery
For the identification of a recorded area in a satellite image TM200 sheets were used. To achieve
the full identification of a surveyed area the hydrographic network and coastline of the Adriatic Sea
and Skadar Lake were used, as well as of other
lakes in a satellite imagery. Approximate location of satellite image is determined by using the
geographic coordinates on a ground control map,
while the more accurate location was obtained by
reading a satellite image angles coordinates on the
georeferential raster ground control topographic
map 1:200.000 (TM200).

Table 1. Summary of the spectral scope and Landsat TM 5 satellite channels purposes
Channel
1
2
3
4
5
7
6

Scope [µm]
0,45 - 0,52
0,52 - 0,60
0,63 - 0,69
0,76 - 0,90
1,55 - 1,75
2,08 - 2,35
10,4 - 12,50

Figure 1a. channel 2
70

Purpose
mapping the coast of oceans, seas and lakes
separate presentation of the vegetation health
classification of vegetation types
use of land
determination of water content in plants, geol.mapping
mapping of hydrothermal phenomena and surface mining and surface ore mining
(soil mapping (for humidity, temperature, etc.)

Figure 1b. channel 3

Figure 1 c.channel 4

Figure 1 d. channel 5
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The selection of check and ground control
maps
For the area included in the present study, the
Landsat TM 5 imagery channels of the visible and
infra-red part of the spectrum were used, topographic maps 1:50.000 (TM50) and 1:200.000 (TM200),
which serve as a reliable basis for further processing
of the data in the image. The maps (charts) TM50
provide sufficient accuracy to be used for localization of the details that cannot be identified on the
TM200. An average error situation on the TM50
chart sheets is approximately ± 19.9 m, and the elevation presentations are about ± 2.60 m.
The selection of the ground control and
check points on the ground control map and
on the satellite imagery
The selection of ground control and check
points on the satellite imagery depends primarily
on the quality of a satellite image and the possibility of identifying these aforementioned points
on the ground control TM200 topographic map.
To perform better and more accurate identification of the ground control and check points on the
Landsat TM 5 imagery as well as on the ground
control-topographic TM200 map the following
activities were implemented:
– Topographical content of ground control
TM200 was compared with the content of
the channels 2,3,4, 5 in the Landsat TM 5
imagery;
– For processing, in the identification of
details the second and fourth channel of the
Landsat TM 5 imagery were used since they
produce the most genuine picture of chosen
details;
– For the details of ground control and
check points were used river deltas, the
characteristic points on the shorelines and
capes, crossroads, centers of bridges, islands
in the sea and rivers, the boundaries of
visible cultures (forests, fields, meadows),
pronounced peaks, and so on.
The selected ground control and check points
are evenly distributed over the entire surface of the
satellite image. In this case 4 ground control and
40 check points have been identified.
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Reading the coordinates of the ground control
and check points
The selected identical ground control points on
the satellite imagery and TM200 are used to transform the image coordinates into the Gauss-Krüger
coordinates, and check points are used to assess
the accuracy of satellite imagery. The coordinates
of 44 selected points on the TM200 sheets, as well
as the satellite image, were measured by a digitizer in the AutoCAD ver.14 software with an accuracy of 0.10 mm.
The coordinates of the ground control and
check points were measured on channel 4 of
Landsat TM 5 imagery and then transformed into
Gauss- Krüger coordinates. After measuring by a
digitizer, image coordinates of four ground control
points were transformed into Gauss-Krüger coordinates. Subsequently the measurement of the image coordinates of 40 check points was performed
by a digitizer and their transformation into GaussKrüger coordinates was also carried out based on
the known coordinates of the 4 ground control
points. The ground control and check points were
previously in the local coordinate system, and
were transformed into the state coordinate system.
The transformation of the check points
coordinates
The transformation of the image coordinates is
realized by applying the Helmert transformation.
The analysis of cartographic accuracy of the channel
of Landsat TM 5 imagery was performed by using
the two-dimensional Helmert transformation by application of pairs of four-membered polygons. For
this type of transformation 4 ground control points
were used that were profilingly distributed within
the test area of Landsat TM 5 image, on the basis
of which were determined 40 check points evenly
distributed on the entire surface of the image. Since
the check and ground control points partly fall into
the sixth and partially into the seventh zone of the
Gauss-Krüger projection, all the points have been
reduced in the sixth zone using the internal program
drawn up in the Military Geographical Institute
(MGI). These transformations are performed on
the basis of the coordinates of the ground control
points in the rectangular Gauss-Kruger and to these
similar analogue image coordinates measured by a
digitizer in the AutoCAD ver.14 software.
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2.2 Processing of Landsat TM 5 digital
channels and making of color-composite
image background
Data processing and analysis of satellite images require primarily channels digital recording,
ie. translating them into a suitable digital format.
Subsequently a preliminary review and evaluation
of the quality of the digital channels were conducted [1]. Since the raster image quality obtained
depends primarily on the resolution of satellite
channels, the optimal resolution of Landsat TM 5
channels for the needs of making color-composite
satellite TM200 is 600 dpi (dots per inch).
Digital processing included the channels of
Landsat TM 5 imagery: 2 and 3 from the visible
part of the spectrum, and 4 and 5 from the infrared (IR) part of the spectrum. Given the age (in
part), and the presence of deformations in original
channels, it was necessary to remove the deformation which occurred during the transformation
of digital content. To this end, the “RXSpotlight”
and “RX Corex” software package were used.
Upon transfer of individual channels in a format that has provided their full match, correction
of the channels to match the state coordinate system (Gauss-Krüger projection) was undertaken.
The channel correction was carried out by applying the second-order polynomial transformation,
using bilinear interpolation algorithm for pixel [1].
For the purposes of thus selected model 4 ground
control and 40 checkl points were included, whose
coordinates were measured from the maps TM200
(sheets: Podgorica, Niksic, Pec and Shkodra) by
digitizer in “AutoCAD ver.14” program with the
accuracy of 0.1 mm.The map TK50 was used to
check the accuracy of the previously measured
points coordinates. In this way the corrected channels of Landsat TM 5 imagery were established,
on basis of which was later formed a color-composite satellite image, that is, TM200 image basis
(Figure 5). All coordinates transformations were
performed using a specialized software package
[2]. In order to obtain the highest quality of visual
display in a selected area experimental linking and
combining of all available channels has been conducted. In addition, by determining the relationships of individual channels, the resulting image
represents the quality material for calibrating and
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evaluating the quality of color-composite images,
and to identify the major components of channel
relationships for proper evaluation of their digital
values (intensity of gray).
During the processing of satellite images, the indispensable means represented the diagrams of RG
dispersi o n (red-green, Figure 2), GB (green-blue,
Figure 3) and RB (red-blue, Figure 4), the compositecolor histograms for the red, green and blue channel,
as well as profiles of digital values (DV) of RGB pixel image. As models of transformation of digital values (DV) of pixels were used histograms of uniform
distribution, based on the frequency of occurrence of
certain DV, as well as Gaussian equalization, defined
by automatic alignment of DV pixels under normal
Gaussian distribution curve. Application of these
transformations contributed to the optimal alignment
of contrast and brightness of channels, providing an
increased image visual quality.
The exam i nation of dispersion (scatter) diagram was aimed at identifying areas of maximum
pixel concentration of corresponding DV in order
to perform computer classification (cluster analysis). Testing of digital pixel values through the
profiles routed through certain parts of the satellite
image yielded very useful data in the application
of a certain number of processing procedures for
used channels in order to form a color-composite
image (Figure 5).
Due to the reduced quality of specific line and
surface details on digital imagery their filtering
was also made. The main task of filtering application was to point out certain elements that characterize t he image content quality of a color-composite image.
The are a presented by the satellite imagery
has a distinctive difference in the relief, the presence of major settlements, major traffic arteries
and large expanses covered with different vegetation and agricultural crops. The logical choice of
filtering led to the application of high-frequency
filters (high-pass filter). Since they are based on
algorithms that deal with sudden changes in DV
pixel at a short distance, “high-pass” filters are an
ideal tool for highlighting different satellite image contents. Their use has contributed to the extra emphasis (focus) and the separation of areas,
shapes and structures of various properties, with
no changes within themselves.
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Figure 2. Dispersion diagram
RG ( red-green)

Figure 3. Dispersion diagram
GB (green-blue)

It is known that different combinations of channel Landsat TM 5 image provide a wealth of information for many scientific disciplines researching
the Earth’s surface (soil science, geology, forestry,
agriculture, cartography, etc.) [3]. All of these
compositions, however, in most cases are quite
obviously focused on highlighting an image content needed for specialist disciplines.
In order to obtain the optimal combination of
channels of Landsat TM 5 image, that is, a colorcomposite image, some combinations had to be
made: 2,3,4, 3,4,5, and 2.3 with channel 5. At this
stage the individual channels represent blue, green
and red component of the RGB color palette. It
turned out that none of these compositions cannot meet the needs of TM200 designing in terms
of obtaining high-quality visual appearance of a
treated area.
Given that one of the purposes of this study is
to obtain a high-quality TM200 image basis the
forming a color-composite satellite image was
done by combining individual channels 2, 3,4 and
5 by means of the modified application of Brovey’s
transformation in the ER Mapper software.
Prior to the formation of a color-composite image, the transformation was initially performed on
the individual channels by applying histograms of
Gauss’s normal distribution of digital values (DV)
of pixels, and then the mutual autocorrelation of
all channels involved in the development of a
color-composite image was carried out (Figure 5).
The original purpose of Brovey’s transformation was to combine Landsat TM 5 color- composite images from the SPOT panchromatic image
so as to form sharper higher resolution imagery,
with simulated natural terrain appearance represented in the image [4]. The panchromatic channel simulation of the SPOT imagery was subseVolume 9 / Number 1 / 2014

Figure 4. Dispersion diagram
RB (blue-red)

quently performed using the channel 3 of Landsat
TM 5 imagery. This allows obtaining a new image
with the same resolution, but with the extremely
increased range of shades that provide the closest
natural look for the experimental area. The formula used to get this combined color-composite
image is given in the form of:
INPUT 1 / (i2 + i3 + i4) x i5
That is applied to the channels 2,3,4,5:
Red: K5 / (K2 + K4 + K5) x K3
Green: K4 / (K2 + K4 + K5) x K3
Blue: K2 / (K2 + K4 + K5) x K3
After getting the “color-composite” image the
visual evaluation of the obtained quality was done
and some additional operations were also performed for puropose of improvements. Applied
filter operation include [5]:
– Application of the “ford” filter (with the aim
of highlighting the infrastructure and urban
areas) using the 5x5 matrix;
– Application of “focusing” filters in size 7x7
pixels, to further point out the difference in
the imagery contents,
– Content filtering using the “majorization” to
perform the quality automatic classification
of contents, both for parts of the image and
the whole image. Filtering is done within
the matrixes of dimension 7x7, 15x15 and
33x33 pixels.
The basic method applied in order to change
the spatial properties of an image content implied
changing of convolution principles, with all its
variations. Convolving each pixel value is adjusted for a specific factor that depends on the value of
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adjacent cells in a special matrix 7x7, 15x15 and
33x33 pixels. Such convolution is the so-called.
“spatial filtering” which emphasizes or suppresses
data in the image with different “spatial frequencies”. Parts of the image with high “spatial frequencies” are rough, ie.gray levels in these imagery areas are rapidly changing over a relatively
small number of pixels. Smooth imagery has low
“spatial frequency” and within it the gray level is
slowly changing over a larger number of cells. By
applying low-permeable filter brightness changes
of major areas of the field were highlighted, and
details of local terrain features were suppressed.
After using a “spatial filtering” the procedure of
enhancing image contrast for better results has
also been performed. In this way, we achieved a
quality color- composite imagery as the basis for
making color-composite TM200 (Figure 5).

– The organization of data entry;
– Systematization and classification of
elements to be digitized and
– Systematization and classification of
vectorized elements for graphic processing.

2.3 Scanning reproduction originals TM200
topographic content and digitizing topographic elements of the content
Bearing in mind that in addition to the image
basis for making a color-composite TM200 there
was also essemtial to make the necessary topographic content that implied development of all
topographic elements with the exception of the
vegetation that is clearly evident in the obtained
image color-composite substrate.
For these reasons, the scanning of sheets and
reproduction originals of TM200 was initially performed. The TM200 sheets were scanned (Podgorica, Niksic, Peć and Shkodra) and the respective reproduction originals: relief (contour lines
with equidistance of 250 m), hydrography, situations (communications, natural and man-made objects and geographical names) and administrative
boundaries. Scanning was done at resolution of
300 dpi (dots per inch).
Digitization and interpretation of graphical information into the digital vector form as a complex
and comprehensive procedural method, was started by making a digitization plan. The preparation
of the plan was the essence of preparing to digitize
reproduction originals (RO) TM200 sheets for the
experimental area.
The digitization plan RO TM200 included the
following elements:
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Figure 5. Color-composite image basis TM200
(reduced to 25%)
The organization of the data input included the
creation of proper storage both for a raster basis
(substrate) for digitization, and for the digitized
content itself. Creating folders and subfolders was
also carried out so that in the later stages wasting
any time in finding the appropriate files was thus
avoided, as well as possible duplication of data.
During the systematization and classification
of items for digitization attention has been devoted exclusively to solving the problem of digitizing RO TM200 sheets covering the area that encompasses a completed color-composite Landsat
TM 5 image. Before the implementation of digitization was initiated, the topographic elements
present in affected TM200 sheets were reviewed.
The main objective of the systematization of elements for digitization was to completely transfere
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the RO graphic content of TM200 affected sheets
into digital form. Within the classification of items
for digitization a complete sorting of the entire
contents of RO TM200 sheets in several graphic
substrates was also realized. Such a classification
was necessary in order to facilitate and simplify
interpretation of graphical topographic content
into digital form.
Digitizing topographic TM200 content
The TM200 topographic content digitization included the translation of the graphic topographic
content from TM200, RO sheets into digital form
by vectorization process [6]. Since the production of
color-composite satellite TM200 from Landsat TM
5 imagery is one of more difficult tasks in making
maps because of their topographical thematic content, choosing the right software is a very important
step toward solving the problem of their designing
on Personal Computers. For these reasons the AutoCAD software ver. 14 (Autodesk Inc.) was selected.
According to the methodology of designing
and vectorization mode, all TM200 topographic
elements were divided into two groups, namely:
– Linear elements and
– symbols.
The Kilometer coordinate grid of GaussKrüger projection on color-composite satellite
TM200 was designed with the help of ER MAPPER, which was also used for the treatment of a
channel Landsat TM 5 image. The grid is designed
as a separate layer, which can be connected to any
other Layers (if applicable).
Following removal of distortions in certain raster substrates in RO TM200 prepared for digitization, the digitization (vectorization) according to the
stated groups was initiated. For each of these groups
were formed its files (*. Dwg or *Dxf format) for
easy access and review of the vectorized content.
Within each file the structural organization of the
image itself was made. The projected image structure contributed to the convenient work with different levels of data (hereinafter referred to as layers)
because they could be incluced or excluded as needed depending on the separate needs of vectorization
and mutual alignment of topographic content.
Due to the fact that Auto CAD Software ver.14
allows the formation of an unlimited number of
Volume 9 / Number 1 / 2014

layers and the corresponding names assigned to
them, we were able to assemble all the necessary
layers for all special groups of line topographic
elements displayed on a color-composite satellite
TM200. The structure of the layer topographic
line elements is shown in Table 2.
The other group of topographic elements of
color composite satellite TM200 include the topographic objects displayed by symbols and it is
made of structure symbols presented in Table 3.
Forming of database of individual geographical objects displayed by symbols had an outstanding role in order to work efficiently with AutoCAD software ver. 14th. Namely, it is well known
that these topographical elements occur in all RO
TM200. After completion of digitization (vectorization) there was also an important phase of the
quality control of digitized content. Special attention was paid to the control and elimination of
cases where two different types of linear elements
(eg, modern road and railway) were not vectorized
by the same polyline, as well as in case when digitized line elements track the whole of its length
(one element - one polyline). Besides by overlapping of topographic content presented on line layers and content on the layer of topographical elements vectorized by points (symbols) the checking was done and the necessary corrections were
also made aimed at addressing issues of mutual
adjustment of topographic content elements of the
color-composite satellite TM200.
Table 2. The structure of the layers of line topographic elements of the color-composite TM200
basic at 250 m
main at 1000 m
sinkholes
railroad
Communications highway
modern road
(a special layer Figure 6)
road with paved surface
better vehicle track
larger surface watercourses
lesser surface watercourses
Hydrographic
network ( Figure 6) (permanent and temporary)
underground and surface waters
lakes, etc
Interstate border between Montenegro and Albania
(Figure 6)
Contour lines
(a special layer Figure 7)

75

technics technologies education management

Table 3. Structure of topographic units layers – presented by symbols on the color-composite TM200
Signs (symbols) to show land relief
Signs to show objects in a settlement
Signs to show industrial objects
signs objects on railways and roads

(elevations)
(church, monastery, chapel, castle, etc.)
(factory, mine, etc.)
(station, bridge, tunnel, etc.)

3. The analysis of the results of making colocomposite satellite maps scale 1:200.000
The analysis of the results involves the accuracy of the colo-composite satellite maps TM200
substratum and the quality of the topographical
elements.
Subsequent to Helmert transformation of the
image coordinates measured by a digitizerinto the
Gauss-Krüger coordinates based on the four ground
control points, and the remaining forty check points,
the mean error of the model is m = ± 65 m, which
satisfies the TM200 printing accuracy, which stems
= 0,33 x , x = 0.33, where
from the formula:
represents - the map scale denominator.

Figure 7. Conture lines as an element of
color-composite TM200(reduced to 25%)
The spatial resolution of Landsat TM 5 imagery provides the scale 1:200.000, so ground control and 40 check points were selected and they are
to be found on four sheets of TM200 (Podgorica,
Niksic, Peć and Shkodra), and on these are formed
four transformational fields, with a mean error of
image coordinates for each field transformation
model: Field 1 (Podgorica) = 72.62 m; field 2
(Niksic) = 78.08m; field 3 (Peja)) = 113.64m and
field 4 (Scutari) = 85.03m.

Figure 6. Topographic elements of 		
color-composite TM200 (reduced to 25%)
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3.1 Determining the coordinates of the ground
control and check points by interpolation
applying the method of the least squares
on channel 2 and 4 Landsat TM 5 image
Interpolation of the ground control and check
points coordinates was performed as follows.
To the values of the known coordinates X, Y,
whose radings was done from topographic maps
1:200.000 for 44 point s , the distance values Dx
and Dy are added or su b tracted, so that we get
the values of coordina t es X, Y measured at stereomodel (transformed i nto rectangular GaussKrüger coordinates). These coordinates are not yet
free from (random and systematic) errors.
Using the interpolation by means of the least
squares method we started from the data that the
= 153.40 m while
mean error of coordinates
the mean positional error

= 216.94 m.

X, Y coordinates are not yet free from random
and systematic effects..
After obtaining the values of the coordinates X,
Y which are measured on stereomodel and transformed into a rectangular Gauss-Krüger coordinates we add interpolation values Sx, Sy and get
the final values of the coordinates X, Y at all measured points of 2 and 4 channels of Landsat TM
5 image. Based on the known variance
in
the direction of x, y coordinates there occur two
cases of average (mean) errors of coordinates.
1. case:

VX - variance for X axis
Vy - variance for Y axis

n - number of measured points
Volume 9 / Number 1 / 2014

From this mean error value of 31.95 m the systematic effect in determining the impact of “the
ground control points values” on other points is
not excluded.
2. case:

The mean error value of 24.95 m is free of systematic effects, owing to interpolation by means of
the least squares method, and as such is equivalent
in size to the size of one pixel, which is thought to
be declared accuracy of the Landsat TM 5 imagery.
3.2 Graphics processing of the vectorized data
Within the graphics processing of the vecotized data initially creation and then assignment
of a colour and thickness to the vectorized content was performed, ie. assigning of properties
to the vectorized content of the color-composite
satellite TM200 in accordance with the applicable
topographic key and instructions on this subject in
MGI, above all in accordance with the instruction
“Review of colors and markings to create reviewtopographic maps in MGI”
In the second stage the processing of geographical names and other texts required for printing a
hard-copy version of the color-composite satellite
TM200 was carried out.
The final phase of a complete graphics processing and input of the text content list for future color-composite satellite TM200 involved assigning
to each element a raster percent value (% raster)
color in CMYK (cyan, magenta, yellow, black)
system. Subsequently the separation of colors was
conducted which will be used in the further process of making color-composite satellite TM200.
Finally, the matching of the raster color-composite
image and the digitized topographical elements
TM200 using software AutoCAD MAP ver. 14th
was carried out. Part of the final product of the
color-composite satellite TM200 lists is given in
Figure 8.
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4. Conclusion
The implementation of the experiment of making color-composite satellite TM200 in this paper
led to the following partial conclusions:
– Examination of topographic detail for
the experimental area yielded a sufficient
amount of data to create a color-composite
satellite TM200;

can provide an economical method for the
determination of the geometrical basis, as
well as showing the basic elements of the
TM200 topographic content;
– Use of a channel Landsat TM 5 imagery for
designing, rehabilitation or addition to colorcomposite topographic maps is the logical
evolution of the application of cartographic
methods;
– Data processing with the available satellite
Landsat TM 5 imagery should become a
duty and regular practise of any serious
cartographic institutions and other centers
who collect data on space and carry out
space monitoring in real time.
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Abstract
In this article, innovation domains and innovation capabilities of Chinese key disciplines are explored. It is proposed that innovative behaviors of
key disciplines focus on nine innovation domains,
which is on the basis of innovation theories and the
actual situation of key disciplines. The concepts
of nine innovation domains and their influence
upon the innovation capacities of key disciplines
are elaborated, and the method to study the innovation capabilities of key disciplines is proposed,
namely, the critical success factors analysis. It is
preliminarily discussed how to obtain the critical
factors which influence innovation capabilities of
key disciplines in order to provide theoretical basis and reference for the improvement of innovation capabilities of key disciplines.
Key words: key disciplines, innovation domains,
innovation capabilities, critical success factors
1. Introduction
In 1912, the professor at Harvard University,
Joseph Schumpeter proposed the concept of “innovation” first in his work, The Theory of Economic
Development. He believes that innovation is a production function that realizes the unprecedented
combination of production factors. According to
Schumpeter’s innovation theory, innovation refers
to a series of activities, including commercializing
new products and processes, searching for, discovering, developing, improving and adopting new
organizational structures. Meanwhile, he also proposed five aspects of innovation from the perspective of enterprises, including product innovation,
namely, the production of new products; technical
innovation, market innovation, that is, the exploitation of the new market, factor innovation, namely,
the introduction of new production factors in the
production process; institutional innovation, that is,
Volume 9 / Number 1 / 2014

the innovation in the management institutions and
structures of the enterprises [1].
Innovation, which is the soul for the survival
and development of key disciplines of universities, is the first and foremost competitiveness in
the sustainable development of key disciplines. As
a kind of resource of strategic integration of the
key disciplines, core competitiveness is the origin
for key disciplines to gain sustainable competitive advantage, the important driving mechanism
for them to achieve sustainable development, as
well as one of the goals of independent innovation.
The nature of the core competitiveness is an ability that can help to surpass competitors, thereby;
the core competitiveness is reflected as a sort of
innovative ability. The enhancement of core competitiveness of key disciplines in universities is
actually the process of constant innovation. Since
the core competitiveness is the competitiveness
which can not be imitated by competitors and the
competitive advantage compared to competitors,
therefore, it is characterized by uniqueness and inimitability [2]. So, in order to foster and enhance
the core competitiveness of key disciplines, it is
inevitable to use a series of innovations to meet
its requirements for uniqueness and inimitability,
so as to finally achieve the purpose of improving
the competitiveness of key disciplines. It can be
said that innovation is the source and driving force
of the core competitiveness of key disciplines in
universities, the inevitable choice for the key disciplines to seek survival and development, and
even the basis and foundation of them. The development history of key disciplines is the history
of innovation, and the foundation for its survival
and development is all dependent on innovation,
hence, only by introducing innovation into the
process of enhancing core competitiveness and
promoting innovation continuously, the key disciplines can maintain competitive advantage all the
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way and achieve sustainable development in the
fierce competitions [3].
As for key disciplines of universities, innovation is the entire process by which the new
knowledge, technology, products and services are
generated and put into practice. Its essence is to
achieve the same or a better purpose by adopting a
method different from the original one. Innovation
is the great driving force for the key disciplines to
achieve sustainable development. In other words,
the symbol of the sustainable development of key
disciplines is the strong innovation capability. The
innovation capabilities of key disciplines are embodied in many domains in the process by which
new knowledge, technologies, products and services are generated and put into practice. Therefore, the research on the innovation domains of
key disciplines has great significance for the improvement of the innovation capabilities of key
disciplines and the achievement of its sustainable
development.
2. Innovation domains of key disciplines
According to Schumpeter’s innovation theory,
on the basis of literature review, in combination
with the current development of key disciplines,
innovation domains of key disciplines can be classified into the following nine dimensions:
First, the innovation culture, including interior
and exterior cultures. The exterior innovation culture refers to the institutional environment, organizational culture and social atmosphere that are
appropriate and beneficial to key discipline innovation. Interior innovation culture refers to the
ideas, values, spirit, way of thinking and standard
of behaviors of key disciplines and the atmosphere
generated [4]. Innovation culture lays the foundation for the innovation system of key disciplines.
It is judged by whether members of the discipline
take a positive attitude toward new things basically, think that innovation plays an important role
in the long-term success of the discipline and have
corresponding measures and plans.
Second, the innovation strategy, including the
innovation objective established by key disciplines
and the measures required to ensure the achievement of the objective. Meanwhile, the interior and
exterior environments, development tendency and
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competitive situation of key disciplines should
also be considered[5].
Third, the core technology which refers to the
index of realizing unique services or products in
the process of putting the applied science and the
technological possibilities in practice. Core technology domains include the potential of key disciplines and its members to acquire and use interior
and exterior knowledge and technologies in their
own specialized fields.
Fourth, the achievements transformation. In
other words, in order to achieve the sustainable
development of key disciplines in the highly competitive environment, it is necessary to develop services or products that can satisfy the requirements
of the development and the long-term benefits of
the groups, society and the country and transform
them into social and economic benefits. Key disciplines that attach importance to the transformation of achievements show great concern about the
demand market and can provide competitive and
advantageous plans and promote the satisfaction
of the demand market to be transformed into the
reliance upon this science.
Fifth, services or products. They are resulted
from the process by which the input is transformed
into output. They are connected with each other or
interact with each other. There are many ways to
classify the products. However, as for key disciplines, products mainly include services, software,
hardware and processing techniques. Products can
be any combinations of those items. Service is basically a special product.
Sixth, the innovation process which is composed of a series of mutually connected and interacted behaviors that transform the input of
key disciplines into results. A key discipline that
encourages and advocates innovation has a short
decision-making process, highly efficient internal
cooperation and a flat management structure and
other characteristics.
Seventh, the organizational structure and partner network. In a broad sense, they are defined
as organizational groups that center on key disciplines, including interior organizations composed
of key disciplines teams and exterior organizations
composed of partners. The structure and network
used by key disciplines play a decisive role in the
process of achieving the innovation objective.
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Eighth, the core capability and knowledge
structure that refer to the most important human
resources inside key disciplines. They have to keep
satisfying the requirements of scientific and technological development or increase their knowledge and capabilities according to corresponding
innovation strategies. The knowledge and talents
of key disciplines are the huge source of creativity
and promote the realization of creativity.
Ninth, the objective management which refers to
the process of leading the realization of an objective
and the personnel, departments or institutions that
carry out this process, including planning, monitoring and regulating. The objective management
includes the preliminary organization (designing
the objective structure and operation), the process
management (planning, monitoring and regulating
objectives) and tools (they are used to guide and organize the methods, equipment and tools).
3. Influence of innovation domains of key
disciplines on their innovation capabilities
Innovation culture and innovation capability are
closely related, because innovation culture plays an
important role in increasing the capabilities of relevant personnel of key disciplines to come up with
new ideas and realize them and the extent to which
they are glad to innovate. The influences of innovation culture upon innovation capability are concerned with the initiative, communication and trust
culture of academic leaders, management personnel and members of key disciplines [6].
The strategic domains influence innovation capability through the way to realize the innovation
strategies, communication, preferential treatment to
some teams, departments or innovation programs
of key disciplines and the combination of the strategic development and the advantages of key disciplines. If innovative behaviors are not valued in key
discipline strategies, it might be difficult to carry
out the measures that are conducive to innovation.
A consensus about innovation can be achieved in
key disciplines by the connection with strategies.
Meanwhile, strategies can be used to confirm indirectly which new ideas need to be further developed and transformed into innovations.
The core technology plays a decisive role in the
innovation capability of a key discipline. To order
Volume 9 / Number 1 / 2014

to maintain the innovation capability, the key discipline has to keep acquiring new knowledge and
technology and have the capability to tell which
knowledge and technology can become the driving force of the development of the discipline. In
the domain of the core technology, the characteristics that have influence upon the innovation capability include the monitoring in the process of
using the new information and technology and the
acquisition of key technologies [7].
In the aspect of achievements transformation,
the factors that influence the innovation capability of key disciplines include the performance and
evaluation of the demand market analysis and the
systematic use of demand market information.
In the aspect of products or services, the capability of key disciplines to develop and provide products and services and their potential to continue to
develop existing products or services have influences upon the innovation capability of key disciplines.
The innovation process influences the innovation capability of key disciplines in the following
aspects: the existence of all the essential factors
of the innovation process, the transparency of the
process (for the convenience of regulating and
controlling the process), the flexibility of the process (for the convenience of handling the changes
timely) and the existence of the resistance at the
interfaces of the process.
It will play a decisive role in the innovation
program to provide and use the structure and network and further influence the innovation capability of key disciplines. Targeted at the innovation
program, collaborative innovation is achieved in
key disciplines through the knowledge exchange
between different levels of the organizational
structure and partner network domain so as to increase the innovation capability [8,9].
The factors that have influence upon innovation capability in the domains of the core capability and the knowledge structure include the
attitude toward the generation of knowledge, the
development and integration of the application of
interdisciplinary subjects and the development of
characteristics in the aspects of specialties, methods and social capabilities.
The objective management determines the success of innovation programs. Since innovation
work is highly risky, the process management tar81
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geted at the riskiness becomes especially important. In this domain, factors that have influence
upon the innovation capability of key disciplines
include risk evaluation, management and the flexibility of objective control.
4. The method to evaluate the innovation
capabilities of key disciplines
From the influences of the innovation domains
of key disciplines upon their innovation capability,
it can be seen that there are many factors that have
influence upon innovation capability of key disciplines in various domains. Therefore, it has great
significance to give a simple description of complex influence factors and simplify the evaluation
of the innovation capability. From the research on
the enterprises’ innovation capabilities, it has been
found out that although there are many cause-andeffect relationships that determine the innovation
capability of an enterprise in principle, they can be
summarized as a few major influence factors [10].
Therefore, the critical success factors analysis can
be adopted to study the innovation capabilities of
key disciplines.
The critical success factors analysis is the method that is often adopted in the planning and development of information systems. It was proposed
by the professor of Harvard University, William
Zani, in 1970. The critical success factors analysis
is a method of managing the general planning of
the information system and confirming the system
information demand based on the key factors [10].
It is often used to help the enterprises confirm
their own critical success factors and information
demand. In the running system of the enterprise,
there are always many variables that influence the
realization of the objective of the system. Among
them, several factors are the key and major variables, namely, the success variables. According
to the development strategies and concrete objectives, the enterprises find out the assembly of the
key information required to achieve the objectives
by identifying the key success factors so as to decide the priorities of the enterprises’ strategies.
For enterprises, the critical success factors
specifically contain connotations of the following three aspects: First of all, the critical success
factors, which are what the enterprises have to
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be skilled at, are the prerequisite for the success
of enterprises. They can be a certain condition or
a link of corporate operations. Therefore, to defeat competitors, enterprises have to focus their
resources on these key links or areas, and their
efforts devoted to these critical factors that lead
to success, can enable the enterprises to acquire
a much more powerful position in the market, so
that the sustainable development of enterprises
can be achieved. Secondly, the critical success factors are also an effective management mechanism.
Enterprises, by analyzing, confirming, managing
and continuously controlling the few of critical
success factors, can effectively accomplish the
corporate management objectives. Thirdly, not all
the factors that have impact on enterprise are key
success factors and they only refers to few of the
most influential factors, whose number is generally between three and six. Hence, if the managers
are not able to take into account all the influencing
factors, then it is a need for them to pay full attention to the critical success factors.
As is proposed by Rockart, the confirmation of
the critical success factors contains four sources:
the first is competitive strategy, industry conditions and geographic location; the second is the
special structure of the industry; the third is environmental factors, and the last is temporary factors. Besides, for confirmation of critical success
factors, Leidecker & Bruno have a relatively mature and comprehensive understanding [11], and
propose eight analytical methods to confirm critical success factors, which are as follows:
First, environmental analysis, it mainly refers to
the analysis on the power of external environments
like economy, politics and society that have affected or are affecting industry average performance or
individual corporate performance; in other words,
compared with the future changes in external corporate environment, the overall change of the
company or the industry is even more important,
however, its disadvantage is that there are certain
difficulties in applying it into industry or company.
Second, industrial structure analysis, Five
Forces Model proposed by Michael • Porter is
served as the research framework and the basis
for analysis of critical success factors. According
to this view, the competitive advantage of the industry is mainly determined by five competitive
Volume 9 / Number 1 / 2014
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forces related to the industry, therefore, with an
mastery of the correlation between five forces in
the industry, one can understand the changes in the
industrial structure, meanwhile, by the assessment
of the relationship between the various factors, objective industry information can be acquired, so as
to confirm and validate the critical success factors.
Third, industry’s leading enterprise analysis, in
an industry, the behavior pattern of leading enterprises usually provide an important source for the
industry’s critical success factors, so a careful observation and analysis of leading enterprises, will
provide very useful specific information for the
confirmation and verification of the critical success factors for the industry, however, there are
still limitations to its explanation for success.
Fourth, industry and career expert analysis, it is
feasible to seek advice from industry and career research scholars or experts who have a wealth of experience and knowledge, so as to analyze and summarize the critical success factors of this industry
and career; this is what we usually call the “brainstorming”. Although this method is comparatively
subjective, it is one of the major sources to extract
the important factors in the strategic development
process, however, there are certain difficulties as to
actual verification due to its lack of objective data.
Fifth, corporate nature analysis, this method is
to carry out a series of strategic capability assessment, relative strength assessment, combination
of resources and so on for specific companies, so
as to develop the company’s essential critical success factors through various functional scanning.
Its drawback is that it is time-consuming and the
data are quite limited.
Sixth, competition analysis, it is to analyze how
a company should compete in the industry, to understand competitive advantages, environments
and situations faced by the company. The gathering of research focuses can provide more detailed
data and deep analysis can verify the correctness of
critical success factors, however, being subject to
certain factors, its development might be restricted.
Seventh, marketing strategy’s impact on profit
analysis, based on the results of specific enterprise’s PIMS research report, the analysis method
is to determine critical success factors through
analysis. In terms of its methods of application,
it mainly involves theoretical analysis framework,
Volume 9 / Number 1 / 2014

in-depth interview, decision making and external
data analysis and other aspects.
Eighth, emergent factors analysis, this method
is mainly used for specific enterprises to analyze
with the help of experts who are familiar with the
enterprises. Although this method is relatively subjective, very often it can uncover critical success
factors that can not be revealed by some other traditional objective techniques, and is not restricted
by any other functions, or even sometimes, it can
acquire some short-term critical success factors. Its
disadvantage is that it is difficult to verify the correctness of these short-term critical success factors.
Critical success factors can be found in each
of the nine domains of key disciplines. Examples
of those factors include the full support for the innovation capability, the positive attitude toward
mistakes, targeted enforcement of achievements
transformation, and effective execution of innovation programs, acquisition of critical knowledge
and technologies, focus on collaborative innovation
and so on. Individual success factors can be transformed into numerical values that can be measured
and quantified through quantitative or qualitative
indicators. In the process of evaluation and regulation, classic characteristic values, success factors
described and indicators will be combined to define the balance system composed of characteristic
variables. For example, the indicator of the critical
success factors that indicates “the effective execution of innovation programs” can be obtained by
the statistics of the ratio of the number of the failing
innovation programs to that of the successful innovation programs, as shown in figure 1.

Figure 1. Take the achievements transformation
for example to show the relationship among the
innovation domains, the success factors and
indictors
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Thus, critical success factors provide information
about the comparison between the targeted number
of innovation programs and the actual number. This
method cannot only evaluate the innovation capability of key disciplines well but also can tell the innovation capabilities the discipline has already had
and those that still need to be strengthened so as
to propose measures with specific purposes to increase innovation capabilities of disciplines and tap
the innovation potential of disciplines better.
5. Acquisition of critical success factors
In the practice activities of key disciplines,
there are many critical factors that influence innovation capabilities. They have different meanings
for the strategic decision, innovative behaviors
and success of disciplines in different situations.
To acquire the hints about those important control
variables, critical success factors can be confirmed
according to the two basic sources: the internal
management of key disciplines and exterior environment. Considering the internal sources, critical
success factors can be derived from the discipline
strategies, innovation policies, strategies and objectives or internal resources and capabilities of
disciplines. Exterior sources include the competitive environment, the development tendency of
the specialized domains of the disciplines [12].
In order to make sure that the number of the
critical success factors relative to innovation is
clear as much as possible and is easy to handle, the
success factors that play an especially critical role
in the success of innovation. Therefore, a method
to obtain the critical success factors has to satisfy
three requirements: first, the interior and exterior
situations of key disciplines should be considered;
second, this method should allow the changes and
adjustment of the policies and strategies of disciplines based on the results of the strategic analysis;
third, the critical success factors should be analyzed
according to the actual situation. From that, the following method has been developed [13]: the strategic analysis based on the innovation objectives and
the analysis of the interior and exterior situations of
key disciplines lead to the preliminary critical success factors. Those factors will be analyzed and improved in an iterative process until they are realized
and promoted, as shown in figure 2.
84

Figure 2. The process of acquiring critical
success factors
6. Conclusion
It is necessary to analyze and study the innovation domains and innovation capabilities of key
disciplines for them to remain invincible in competition. Through the use of critical success factors, key disciplines help themselves to start with
the most familiar innovation domains that they are
best at, innovate at the correct stage and in the correct domains, realize the transformation from the
partial innovation to overall innovation and from
the discontinuous innovation to continuous innovation so as to make the disciplines have outpouring innovation capabilities.
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Abstract
Surface exploitation of mineral deposits in the
modern era is performed in increasingly complex
conditions due to the large number of unknown
factors. In terms of design, planning, exploitation
preparation and the exploitation process itself,
such items pose limiting factors. As a rule, the
implementation of projects of this type, is a very
complex process composed of multidimensional
activities of assessing all relevant determinants
of future conditions and changes that the project
carries. On the other hand, the process of development and fresh discoveries in other scientific areas
supporting mining sciences, provide continuously
expanding opportunities for its application.
Having in mind that the selection of open pit
mining technology of mineral deposits is, principally, a decision-making problem, the objective of
this paper is to demonstrate usage of the ELECTRE
method in selecting the optimal technology by using the open pit coal mine “Ugljevik East” as an
example. For the purpose of resolving the problems
encountered, three types of technologies were taken
into consideration with reference to the seven criteria for optimal solution selection. The aforementioned criteria include the most important aspects of
selecting optimal technology, such as geology and
geotechnical engineering, ecology, economy, etc.
In addition, ELECTRE method is used for the final
ranking of alternatives. The obtained results indicate that the proposed method can be successfully
used to resolve various, even the most complex
problems occurring in mining engineering.
Key words: Open pit, Technology, Decision
making, Electre
1. Introduction
Capital mining projects, such as the opening
of the “Ugljevik East” surface mine project, are
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very complex, due to the influence of a number
of internal and external techno-economic and
natural factors and constraints that arise from the
existing socio-economic environment. By investing in the opening of the “Ugljevik East” surface
mine project, the company Rudnik i Termoelektrana Ugljevik (Mine and Thermal Power Plant
Ugljevik) in ther Republic of Srpska (Bosnia and
Herzegovina), implemented predetermined specific goals of growth, development policies and
strategies of the company, as well as the national
energy strategy. This investment project is considered as a capital project as it requires vast financial
resources, significant resources and long duration.
Major indicators of surface exploitation, such
as the production, costs, financial effects, environmental protection, etc. depend on a significant
number of factors, with the technology representing one of the most important ones. The most
important objective of the applied technology is
to achieve lower operating costs with greater financial benefit. A number of relevant factors determines the selection of optimal open pit mining
technology. Such factors can be classified into
three main groups, as follows:
– mining and geological factors (characteristics
of the work environment, ore deposit
thickness, general form of the ore deposit,
deposit depth, quality of the ore, etc.).
– mining-technical factors (annual production
of mineral ore, applied equipment, environmental protection, mining systems, etc.).
– economic factors (capital investment, operating costs and the value of mineral resource).
By all means, the selection of optimal technology is a long and difficult process that requires
extensive knowledge and experience. The person
making the decision shall be granted access to a
substantial amount of relevant data to be analysed.
Volume 9 / Number 1 / 2014
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Modern approach perceives the open pit mining
technology selection process as a process of multicriteria decision-making with a limited number of
alternative options which are to be categorised with
respect to many different and conflicting criteria.
The advantage of these methods is that they can
simultaneously consider both financial and nonfinancial factors in the selection. The best known
of these methods are models of evaluation: analytic
hierarchy process – AHP, analytic network process
– ANP, TOPSIS, ELECTRE and PROMETHEE.
Prior to selecting and applying the appropriate multiple criteria method for the selection of the optimal
resource exploitation technology, it is necessary to
discuss in detail the entire scope of the elements
and factors related to a specific situation [1, 2].
In the situation of applying the multi-criteria
decision-making methods such as AHP and fuzzy
in the mining area, fuzzy method performs evaluation utilising the same objective function and
value scale for the criteria. Bitarafan and Ataei
[3] used various methods to group the criteria in
decision-making in the mining industry.
ELECTRE (Elimination and (Et) Choice
Translating Reality) is one of the multi-criteria
decision-making methods designated to facilitate
decision-making in selecting the optimal solution
among the alternatives, with the author of this
method being Bernard Roy [4]. It was created as a
response to the shortcomings of existing methods
for resolving decision-making problems. ELECTRE method has evolved through several versions
(I to IV), with all the versions being based on the
same fundamental concept, the main difference
being in the steps. This paper demonstrates the
ELECTRE method for selecting the optimal technology in open pit mining of mineral deposits.
2. Electre method
ELECTRE method compares the actions in
pairs. Firstly it examines the level of compliance
between weight coefficients, preferences and
paired dominance relations, followed by the noncompliance level by which the weight grade of the
individual actions differs. The aforementioned actions are the main reason why ELECTRE method
is sometimes referred to as the compliance analysis. It was one of the first methods which introVolume 9 / Number 1 / 2014

duced the possibility of quantification into qualitative decision-making. In order for the problem to
be resolved, the first step is to define the alternatives, followed by selecting the criteria important
in decision-making. The criteria are awarded different weights, on the basis of the priority of each
criterion, with the number of all weights being
equal to 1. ELECTRE method consists of input,
containing the decision-making matrix and criteria weight, as well as the following nine steps. The
steps in resolving the matter are:
– Calculation the normalized decision-making
matrix
– Calculating the weighted normalized
decision-making matrix
– Determining the sets of compliance and
non-compliance
– Computing the approval matrix
– Calculating the disagreement matrix
– Calculating the matrix of domination by
compliance
– Calculating the matrix of domination by
non-compliance
– Calculating the aggregate dominance matrix
– Eliminating the weakest alternatives
In the process of eliminating the values of less
desirable actions, it is necessary to analyse the
domination situation for all the possible action pairs
combinations. Other actions are dominated by the
action with a higher number of elements (mad = 1),
while in a situation where the number of such elements is not the same, it is not possible to determine
the state of dominance. The same conclusion on the
absence of dominance among individual actions
can be made in the case of actions where all elements are mad = 0. The ELECTRE method belongs
to the group of methods used to determine the sequence of partial preferences, since the situations of
being unable to define the domination state by the
method itself are common.
The ELECTRE method for the selection of the
optimal open pit mining technology contained in
this paper, consists of four main phases: (1) data
collection, (2) criteria weight determination, (3)
ELECTRE calculations, (4) decision-making.
In data collection phase, the alternatives (the applicable surface mining technologies) and the criteria that will be used for their evaluation are defined.
87

technics technologies education management

In the second stage, determination of the criteria weights is performed. Every individual criteria
is evaluated on the basis of its impact on decisionmaking process.
In the third phase – ELECTRE calculations,
priorities of mining methods are defined. In doing so, the appropriate parameters are determined
in nine steps, by the authors, as required by the
method. Within the last stage – decision-making,
the best (optimal) surface mining technology is
selected based on rankings obtained by the ELECTRE method.
Schematic representation of the proposed approach is shown in Figure 1.

3. Numerical example
The proposed approach is considered in the selection of optimal technology for surface mining
of coal body “Ugljevik East.” For the exploitation
purpose of this deposit, a rectangular shape open
pit has been designed, being 3 km wide and 1.5 km
long. Maximum depth of the open pit coal mine is
210m. Mine optimization has been performed for
several variants, with each variant containing different amounts of coal and overburden, which had
different economic effects. Mine design parameters are determined by a number of factors such as
physical-mechanical properties of rock material,
coal quality, the intensity of surface mining in the
terms of horizontal and vertical aspect and so on.
Technical design of opening the pit mine and direction of surface mining both in vertical and horizontal aspect, influences the execution efficiency of
the operational plan and mining production aimed
at the goals set. The main goal in the open pit coal
mine “Ugljevik East” is to ensure a continuous coal
supply of a certain quality, in the amount of 1.8 million ton/year. Table 1. contains physical-mechanical characteristics of the deposit “Ugljevik East”.
3.1. Data collection

Figure 1. Schematic representation of multicriteria
decision making process
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Working in increasingly complex geological
conditions and the need to reduce the costs has
led to a significant development of continuous
and discontinuous systems, as well as their combinations in surface mining. Based on the optimal
contour of the open pit coal mine, location and
method of opening, selection of available overburden landfills, as well as the geological, hydrological, physical-mechanical, mining, technical and
technological characteristics of the deposit, and
of course, the economic factors (Table 1), the following potentially applicable surface exploitation
technologies of Ugljevik East open pit coal mine
have been discussed, including the following: discontinuous (A1), combined (A2) and continuous
(A3). Discontinuous technology involves excavating and loading of coal and overburden utilising
hydraulic front loaders, high-capacity lorry transport and disposal of overburden using bulldozers.
The combined technology BKDTO (front loader,
lorry, crusher, conveyor, stacker) is reflected in the
Volume 9 / Number 1 / 2014

technics technologies education management

Table 1. Physical-mechanical characteristics of the deposit “Ugljevik East”
Parametre
Volume mass
Moisture
Compressive strength
Tensile strength
Internal friction angle
Cutting force
Cutting resistance
Cutting resistance
Cohesion
Thickness
Slope
Depth

Unit
t/m3
%
MPa
MPa
degree
kN
kN/cm2
kN/cm1
MPa
m
degree
m

Coal
1,35
6,7
45
2,5-2,7
35
17
0,085
1,80
1,9
20
25
50-190

discontinuous process of excavation and loading
overburden and coal into trucks, transport to the
crusher plant, crushing to a specific particle size,
transport of overburden and coal by belt conveyors and disposal of overburden with the use of
stacker. The continuous technology (BTO) front
loader, conveyor, stacker, includes excavation using bucket-wheel excavators, transportation by
belt conveyor and disposal using stacker.
It is known today that continuous technology
represents the most cost effective method of integrating the basic production process of digging,
loading, transport and disposal. Likewise, it is a
fact that the largest capacities of coal and overburden in the world were obtained utilising continuous technology. The main advantages of continuous technology are achievement of greater capacity with lower specific costs of energy, materials,
labour, etc. thus, reducing the specific costs per
unit of overburden and mineral resource.
Proportionally speaking, transport comprises a
major section of the structure of both investment
and operating costs, when referring to surface exploitation. Apart from the undeniable advantages
of continuous technology, it has a number of disadvantages from the standpoint of reliability of
the complex, organizational requirements, and,
in particular, restrictions on the introduction and
implementation. In fact, this technology requires a
number of clearly defined geological and miningtechnological conditions which must be met with
little tolerance, in order to be introduced and applied rationally.
Volume 9 / Number 1 / 2014

lower coal bed
1,95-2,85
12-20
7
0,2-0,3
16
4-6
0,035
0,60-0,85
0,54
10-20
20-25
70-220

hanging wall layer
1,8-2,3
5-22
30-100
2,5-5,0
35
8-102
0,2-0,60
1,0-8,0
2,0-7,0
100-180
25
0-180

On the other hand, discontinuous technology
has nearly no limits in terms of its application,
meaning it is a flexible complex that puts it into
the category of more reliable systems. The main
drawback of this technology is high level of dependency on weather conditions and relatively
high operating costs, which are mainly the result
of oil and material prices, maintenance, labour
costs, and the relatively large adverse impact onto
the environment.
In complex mining - geological conditions,
such as the deposit “Ugljevik East”, the combined
technology of surface mining might present the
optimal solution provided that all the aspects are
analysed in detail, concerning the application potential, amount of required investment in the procurement procedure, operating costs, etc. .
Table 2. contains the criteria which determine
the selection of exploitation technology of deposit
“Ugljevik East”. These criteria include the most
important factors for selecting the appropriate surface mining technology of the coal deposit.
Table 2. Criteria for selecting surface mining
technology
Criterion
C1
C2
C3
C4
C5
C6
C7

Title
Hydrological and hydrogeological
characteristics
Physical and mechanical properties
Reliability of the system
Utilization of the resource
Disposal of overburden
Coal mining costs
Operational safety
89
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Since the hydrogeological and hydrological conditions do not have a significant influence regarding
the selection of technology the following criteria
are the areas climate conditions. From time utilisation aspect continuous technology would represent
a more rational selection, since the current experience in the existing open pit coal mine Bogutovo
Selo, based on discontinuous technology, indicates
that the number of non-working days, due to bad
climatic conditions, is about 90-100 days a year.
When referring to physical-mechanical characteristics of a working environment, it is evident
that much of the overburden mass cannot be extracted by continuous systems due to increased
digging resistance. Likewise, such working environment characteristics cannot present a guarantee in terms of stability, especially of the southern
lower coal bed side, which is of great importance
when referring to a continuous system set up, in
terms of safety. On the other hand, the abrasiveness of the material contributing to wear and tear
of dump truck tires is somewhat relevant as well.
From the perspective of system reliability, it
is evident that the reliability of the discontinuous
technology is the highest, followed by the combined and continuous technology.
When it comes to the deposit utilisation, applying the continuous technology has the lowest utilisation level as a result, while having the highest
level of losses and dilution.
When it comes to overall operating costs, the
lowest cost is in the application of continuous
technology, followed by the combined technology, while the discontinuous technology is the most
expensive.
When referring to operational safety and health
of employees, due to the high emissions level resulting from burnt fuel, waste oil and grease, as
well as the dust caused by the movement of machinery, and the high noise and vibration level, the
discontinuous technology presents, without doubt,
the least favourable solution, followed by mixed
and discontinuous technology.
3.2. Criteria weight determination
The weight coefficients of the criteria that will be
used in the evaluation process shall be determined
using the experience and expertise of authors.
90

With regards to that, the set of technologies
applicable for surface mining of “Ugljevik East”
deposit, can be marked as A = {A1, A2, A3}, and a
set of selection criteria can be marked as C = {C1,
C2, ... , C7}. On that basis, Table 3 shows weight
coefficients of criteria obtained on the basis of empirical evaluation of the decision-makers in order
to determine the importance of each criterion for
selecting the optimal surface mining technology.
Table 3. Weight coefficients of criteria
Criteria
C1
C2
C3
C4
C5
C6
C7

Weight coefficients
0,05
0,10
0,15
0,20
0,05
0,25
0,20

As seen from the above table, it can be seen
that the selection of optimal surface mining technology of “Ugljevik East” deposit is influenced
mainly by the following criteria: operating costs
(C6), operational safety (C7) and the utilization of
the resource (C4).
4. ELECTRE Calculations
Based on the criteria, an evaluation of exploitation technology is made and the evaluation matrix is formed. In the process, some criteria are of a
quantitative structure, while others are of a qualitative or uncertain structure which cannot be precisely defined and measured. Accordingly, certain criteria (C4 and C6) were expressed by a quantitative
score, while others are expressed using qualitative
assessments. Using quantitative and qualitative assessment ensures that all criteria are treated equally
and used in the calculation. Table 4. contains a fivelevel qualitative scale, as well as the corresponding
numerical values for each qualitative assessment.
Table 4. Qualitative scale
Qualitative
assessment
Numerical
values

Very
low

low

medium

high

Very
high

1

2

3

4

5

By using interval scale ranging from 1 to 5, a
quantified decision-making matrix is obtained –
table 5.
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In the following, the steps in resolving the matter by ELECTRE are performed by ELECTRE
software.
Table 5. Quantified decision-making matrix
Type
Alternative A1
Alternative A2
Alternative A3

5
3
3

4
4
5

5
3
1

95
92
90

3
4
4

1.7
1.5
1.3

5
4
4

Step I: Calculating normalized decisionmaking matrix.
Normalized decision-making matrix elements
are calculated as follows:
with max type criteria:
ni j =

ci

j

Norma j

=

m

∑c

Norma j

= 1-

m

∑t

cij

∑c
i =1

j

=1

By multiplying the normalized matrix and the
matrix of selected weight coefficients, a weighted
normalized decision matrix is obtained – table 7.

2
ij

m

⋅⋅⋅ 0 
⋅ ⋅ ⋅ ⋅ ⋅ ⋅

⋅ ⋅ ⋅ ⋅ ⋅ ⋅

⋅ ⋅ ⋅ tn 

and N is the normalized decision-making matrix. The sum of the diagonal matrix elements of
the weight assigned to individual attributes (T)
must be equal to one, i.e.

j =1

with min type criteria:
cij

⋅⋅⋅
t2
⋅⋅⋅
⋅⋅⋅

 t1
⋅ ⋅ ⋅
T =
⋅ ⋅ ⋅

0

ci j
i =1

n i j = 1-

where:

2
ij

Based on the data for this example, a normalized decision-making matrix is obtained – table 6.
Step II: Calculation of weighted normalized
decision-making matrix.
The matrix of selected weighted coefficients is
as follows:

T N = N ⋅T

Step III: Determining sets of compliance (S)
and non-compliance (NS).
Action pairs are compared in this step. Actions
that are being compared are labelled with “p” and
“r” (p,r = 1, 2, ..., m and p ≠ r). First, a set of compliance (Spr) is formed, for the actions ap and aR,
which consists of all the criteria (J = j and j = 1,2,
..., n), for which the action ap is preferable to the
action ar, i.e.
S

p r

(

= jx

pj

³ xrj

)

If there is a minimum type criterion, the inequality sign is opposite (≤). Then, a complementary set of non-compliance is formed, for which
the following is applied:

Table 6. Normalized decision-making matrix
Alternative A1
Alternative A2
Alternative A3

Criteria C1 Criteria C2 Criteria C3 Criteria C4 Criteria C5 Criteria C6 Criteria C7
0.7625
0.5298
0.8452
0.5939
0.4685
0.6505
0.6623
0.4575
0.5298
0.5071
0.5751
0.6247
0.5740
0.5298
0.4575
0.6623
0.1690
0.5626
0.6247
0.4974
0.5298

Table 7. Weighted normalized decision-making matrix
Alternative A1
Alternative A2
Alternative A3

Criteria C1 Criteria C2 Criteria C3 Criteria C4 Criteria C5 Criteria C6 Criteria C7
0.03812
0.05298
0.12677
0.11878
0.02343
0.16262
0.13245
0.02288
0.05298
0.07606
0.11502
0.03124
0.14349
0.10596
0.02288
0.06623
0.02535
0.11252
0.03124
0.12436
0.10596
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NS

p r

(

= j x

pj

x

r j

)= J - S

pr

If there is a minimum type criterion, the inequality sign is opposite (>).
Step IV: Determining compliance matrix
(MS)
Compliance matrix is calculated based on the
compliance sets, as calculated in the previous step.
The elements of this matrix are composed of compliance indices. Their value is calculated as the
sum of preferences (weight coefficients), which
correspond to the corresponding elements of compliance sets. The compliance index Spr for the actions ap and ar is calculated as:

MS

pr

=

∑t

jÎ S

j

pr

Spr value ranges in the interval from 0 to 1. The
closer the index value is to number one, the action
ap is more preferable to the action ar (according to
the compliance criteria). The compliance indices
form a compliance matrix, which contains elements equal to zero on the main diagonal, since
the alternative is not compared to itself. Compliance matrix is given in table 8.
Table 8. Compliance matrix
Alternative A1
Alternative A2
Alternative A3

0
0.15000
0.15000

0.95000
0
0.40000

0.85000
0.90000
0

Step V: Determining a non-compliance
matrix (MNS).
Non-compliance matrix elements are consisted
of non-compliance indices, which are calculated
as follows, using the TN matrix (weighted normalized matrix):

m a x t p j - tr j
M NS

pr

=

j Î N S pr

ma x t

pj
jÎ J

-t

rj

The non-compliance index ranges from 0 to 1
and indicates how much is the alternative ar preferable to the alternative ap. The higher the inconsistency index is (closer to one), according to the
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non-compliance criterion, the alternative ap is less
desirable than the alternative ar. The non-compliance indices are calculated based on the weighted
normalized decision-making matrix (TN) and the
set of non-compliances for the observed alternatives (nspr). On this basis, the non-compliance matrix is calculated – table 9.
Table 9. Non-compliance matrix
Alternative A1
Alternative A2
Alternative A3

0
1
1

0.15401
0
1

0.13064
0.26129
0

Step VI: Determining the compliance
dominance matrix (MSD).
The elements of this matrix are calculated on
the basis of the compliance index threshold. The
Compliance index threshold is defined as the average compliance index, calculated by the following
formula:

PI S =

m

m

M S pr

∑ ∑ m (m - 1)

p =1 r =1
p ¹r p ¹ r

Based on the obtained values of the average
compliance index it can be said that the action aP
is likely to be preferable to the action ar only if
its corresponding compliance index MSPR exceeds
the value of an average compliance index. The
compliance dominance matrix is based on the following criteria:

MSD

pr

=1

for

M Sp r ³ PI S

MSD

pr

=0

for

M Sp r  PI S

Compliance dominance matrix for the following example is given in table 10.
Table 10. Compliance dominance matrix
Alternative A1
Alternative A2
Alternative A3

0
0
0

1
0
0

1
1
0

Step VII: Determining incompatible dominance matrix.
Similar to the previous step, the incompatible
dominance matrix is calculated by first calculating
the average non-compliance index using the following formula:
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PI N S = ∑

m

M NS

∑ m (m - 1)
pr

p =1 r =1
p ¹r p ¹ r

Incompatible dominance matrix is formed on
the basis of the following criteria – table 11.
Table 11. Incompatible dominance matrix
Alternative A1
Alternative A2
Alternative A3

0
0
0

1
0
0

1
1
0

Step VIII: Determining aggregate dominance
matrix (MAD).
This matrix is obtained as the product of the
matrix elements position and the non-compliance
dominance matrix (not a conventional matrix calculus) as follows:

M AD

pr

= M SDpr ⋅ M NSD

pr

Aggregate dominance matrix is shown in table
12.
Table 12. Aggregate dominance matrix
AlternativeA1
0
0

1
Alternative A2
0

1
1
Alternative A3

Step IX: Eliminating unwanted actions.
If the MADpr value = 1, then the action ap dominates the action Ar, by both criteria (compliance
and non-compliance). However, that does not exclude the possibility of having another alternative
that dominates the ap. It is therefore necessary to
fulfil another condition:
MADpr =1 for at least one r, r = 1, 2, ..., m and p≠r
MADpr =0 for all i, i = 1, 2, ..., m and p≠r and i≠r
To determine which action is dominant, it is
necessary to examine the dominance state of the
possible combinations of action pairs. The action with a higher number of elements MADpr =
1, dominates the other actions. In the situation
where the number of such elements is the same, it
is not possible to determine the dominance state.
The conclusion about the absence of dominance
between individual actions is made when all the
elements are MADpr = 0 for a certain action. Since
Volume 9 / Number 1 / 2014

the inability to define the dominance state by this
method occurs frequently, the ELECTRE method
belongs to a group of methods for determining the
sequence of partial preferences. The following
analysis is performed in the process:
– The alternative A1 dominates the alternative
A2 and A3.
– The alternative A2 dominates the alternative
A3.
– The alternative A3 does not dominate over
any action.
– List of best action: A1, A2 and A3.
The results indicate that the best alternative is
the A1 (discontinuous method), followed by the
alternative A2 (combined method), with the alternative A3 (continuous method) in the last place.
5. Decision-making
The use of ELECTRE method, it has been concluded that the best (optimal) method for excavating the deposit “Ugljevik East” is the alternative
A1 (discontinuous method).
6. Conclusion
This paper contains the usage of the multicriteria decision-making method in order to select
the optimal surface exploitation technology of
the coal deposit “Ugljevik East.” The selection of
such optimal technology is one of the most important decisions in management of mining projects.
The selection process requires taking into consideration a number of criteria such as mining-geological, economic and mining-technical factors.
Selecting the optimal mining technology is based
on the comparison of applicable methods in accordance with the relevant criteria.
With respect to the aforesaid, the paper used
the ELECTRE method for decision making. The
proposed approach is different from the previously used methods for the selection of the optimal
surface exploitation technology for the deposit
“Ugljevik East.”
The presented method can be of great assistance to decision makers, with the main reason being that it allows easy analysis of influential factors and parameters.
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The advantages of this approach over existing
methods are as follows: ELECTRE method uses a
certain nine-step procedure with each criterion being evaluated on a variety of grounds, thus helping
to obtain better results i.e. decisions. In addition,
ELECTRE method provides the final ranking of
alternatives.
Accordingly, on the basis of the results obtained
from the ELECTRE method, the selected surface
mining technology of the deposit “Ugljevik East”
is a combined exploitation method (alternative
A2), with the most influential criteria for the complete ranking of alternatives (mining method) is
the criteria operating costs (C6), operational safety
(C7) and the utilization of the resource (C4).
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Abstract
In this research, strategic priorities, measures
and instruments necessary for the development of
underdeveloped communities have been studied.
Development determination of underdeveloped
communities is the affirmation of the whole area
of municipalities into a unique natural ecosystem,
more rapid integration into the regional and national
developments, development of small and mediumsized enterprises, processing of raw materials from
the local area, the biological production of organic
food, infrastructure improvement, tourism development and convergence of major traffic arteries.
The aim of this study was to explore, analyze and
define strategic priorities necessary for the development of underdeveloped municipalities, especially
in the case of the study of the municipality of Presevo. The research included defining and proposing
necessary measures and instruments which would
contribute to the improvement of economic, infrastructural and institutional development of underdeveloped communities.
The conducted study is a case study that defines strategic priorities, measures and instruments
that represent the potential of the development of
the municipality of Presevo, as one of the underdeveloped communities in the region.
The priority of underdeveloped communities
is a targeted development of small and mediumsized enterprises, production and processing of
raw materials from the local area and tourism development. In order for these priorities to be realized, significant improvements in the institutional
and infrastructural terms are necessary. The development of agriculture, livestock, small and medium enterprises and tourism represent the backbone of the overall economic development of the
region. This would allow increasing the standard
Volume 9 / Number 1 / 2014

of living, increasing the number of employees and
establishing stronger ties with neighboring municipalities in the region.
Key words: Strategy, development, underdeveloped municipalities.
1. Introduction
Strategy is a science and a skill to determine
the main point of attack of any kind of action,
in order to achieve the goal and success. Strategic management is a set of managerial decisions
and actions that determine the long-term business
performance [1]. Strategic planning is a process
by which the strategy is realized and also updated
when it is needed [2]. As with all strategies, the
strategy of development of underdeveloped municipalities must determine the point of attack
(strategic issues to achieve success). Strategic priorities are specific objectives aimed at the development of key areas that affect the achievement of
pre-defined long-term strategic goals. They are instruments for the use of existing resources in order
to meet the defined objectives. Strategic priorities
and questions must be accompanied by concrete
measures that represent guides for necessary field
activities that will directly contribute to the implementation of set priorities and strategic goals. It is
important to apply the right strategy as a rational
response of the organization to the events from its
environment in which it performs its core-business
and broader mission [3]. Development determination of underdeveloped communities is the affirmation of the whole area of municipalities into a
unique natural ecosystem, more rapid integration
into the regional and national developments, development of small and medium-sized enterprises,
processing of raw materials from the local area,
the biological production of organic food, infra95
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structure improvement, tourism development and
convergence of major traffic arteries. Underdeveloped municipalities will contribute to the reduction of unemployment and also to the return
of their citizens from various countries through
economic development and raising the social standards as well as general living conditions, and thus
they will overcome underdevelopment status.
2. The aim of the study
The aim of this study was to explore, analyze
and define strategic priorities necessary for the
development of underdeveloped communities.
The research included defining and proposing
necessary measures and instruments which would
contribute to the improvement of economic, infrastructural and institutional development of underdeveloped communities, especially on the example of the municipality of Presevo.
3. Method of work
A case study was used in this research as a
method that can fully examine all aspects of potential and possibilities that the municipality of
Presevo has in terms of economic, infrastructural,
institutional development.
4. Research results
The area of the municipality of Presevo belongs to the lowland- mountain macro region with
dominating and more developed lowland part. The
area consists of 35 villages and they are mostly a
rural type. In most villages agriculture is the biggest source of revenue. Grasslands make up much
of the agricultural land. One part is rich in forests
and forest fruits with the presence of many wild
animals which provides the basis for agricultural
and tourist development. The municipality of Presevo has a significant water potential in mountainous areas, among which there are numerous
mountain springs that can be used for packaging
of clean drinking water. On this basis, it can be
concluded that strengthening of local economic
development and reducing local unemployment
rate should be based on the development of the
following sectors:
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a) production of biologically healthy food
based on raw materials from the local area (Presevo cheese)
Agricultural land is the most comprehensive
resource and covers 61.5% of the municipality territory, which represents the potential for healthy
food production with certain Presevo brands.
b) strengthening of primary agricultural production
Attractive sites for development of livestock
are mountainous villages in the municipality of
Presevo. Financial efforts are needed to ensure
livestock and motivate people to live and deal
with livestock in these mountainous areas.
c) strengthening of agricultural processing
capacities
d) development of fruit growing
Taking the availability of arable and fruit products as raw material into consideration, it is necessary to start construction of facilities for production, processing and storage of organic food in the
future.
e) cultivation and collection of medicinal
plants and wild fruits
In the municipality of Presevo, there are natural predisposition for the collection and processing
of forest products and medicinal herbs. To carry
out a program of collecting, processing, marketing, purchasing, pasteurization (mushrooms) and
packaging successfully, the construction of collection centers is needed.
f) production of healthy drinking water
The most important source is the Moravica
River which has several small streamlets (Kurbalijska, Bajka, Presevska, Oraovačka, Rainska and
Crnotinska). The existing water base is not sufficiently utilized which indicates the possibility of
water supply as well as irrigation.
g) development of tourism (transit, hunting,
school, ethnic and health)
There are favorable natural conditions as well
as attractive sites for the development of tourism in
the municipality of Presevo. The geographical posiVolume 9 / Number 1 / 2014
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tion offers excellent opportunities for the development of transit tourism of the highest level, especially bearing in mind the construction of Corridor
10 and the expansion and reconstruction of the
Presevo-Gnjilane Road (M25). Natural conditions

enable development of excursion, school, hunting,
ethno and health tourism. In the future development
period, the task of the municipality is to implement
physical planning of the site, to build a suitable traffic and hospitality and tourism infrastructure.

Figure 1. SWOT analysis for the development and promotion of tourism capacities of the municipality
of Presevo
Volume 9 / Number 1 / 2014
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h) the efficient utilization of forest
More complete valorization and rational exploitation of forest resources should significantly
contribute to the overall development of the municipality. In order to achieve this, it is necessary
to take certain measures in the future:
– forestation of the most vulnerable areas and
regeneration of existing forest plantations
– improving the quality of forest roads in
order to manage them more rationally
– arranging forest areas
– Forestry in the future should be in the
service of development of hunting and
future activities should be directed to the
organization and equipment of hunting areas.
i) organizing producers’ associations and other
professional organizations in the interest of better and more harmonized use of resources and
increasing the supply as well as organized appearance on the market in the country and the region
In order to organize producers into associations
and other professional organizations, it is necessary to take the following actions in the future:
– Record all entrepreneurs in the municipality
who are engaged in production, trade and
services
– Make advertising entrepreneur newsletter,
association of entrepreneurs in vertical and
horizontal line in clusters that could even
have a regional character.
– Establishment of business incubators
sponsored by municipality and with the
help of entrepreneurs’ associations and
international donors.
– Establishment of professional associations
and their connection on the regional and
national level.
These sectors can engage the available labor
force from the territory of Presevo in order to reduce
unemployment and increase the standard of living.
4.1. Strategic priorities in infrastructure
development
Infrastructure development represents a requisite for attracting significant projects and investments, which, in an indirect sense, has an impact
98

on employment growth in the municipality and
the region.
4.1.1. Municipal infrastructure development,
which includes:
a. the supply of the municipality of Presevo
with quality electricity through the
reconstruction of high-voltage and lowvoltage networks
b. improvement of the local and regional road
network which would create favorable
conditions for more successful economic
activity, the flow of goods, tourists and
employees
c. the development and improvement of rail
transport
d. the development of postal capacities and
mobile telephony
e. construction of collection systems for waste
water treatment
4.1.2. Public services which should be
strengthened in order to improve the
quality of life are:
a. water supply for the citizens in the city as
well as in rural and suburban areas
b. radio and TV reception coverage of Presevo
c. landline and mobile telephony services
4.1.3. Infrastructure that is aimed at the
preservation and protection of the
environment
In order to preserve the environment, the following activities should be organized in Presevo:
a. improve solid waste management
b. relocate the existing landfill, build a new
one and do the sanitary protection
c. continue construction of sewerage (sewage
and storm sewers)
d. start the work on wastewater treatment
e. continue the arrangement of riverbeds and
streams through certain villages and do the
gasification
f. acquire necessary equipment and resources
for road maintenance and cleanliness in
residential areas.
Volume 9 / Number 1 / 2014
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4.2. Free Zone Presevo- a way towards faster
economic development of the municipality
Based on the diagnosis of the condition and interviews with local stakeholders, the establishment
of a Free Industrial Zone on the territory of the
municipality of Presevo was proposed. The main
reason for this is a great chance that, through the
establishment of free zone of Presevo, we come to
the free flow of ideas, goods, services and people
quickly, without customs and other barriers, with
minimal paperwork which would surely lead to
the expansion of business and entrepreneurial
initiatives in this area. Free zone would be established in one of several attractive locations on the
territory of the municipality of Presevo, free zone
would offer excellent opportunities of road traffic,
and the fact that the free zone would be on the road
through which the corridor 10 passes would give
it a special appeal with the proximity to the border

crossing with FYROM. Free Zone Presevo will
certainly encourage the economic development of
the municipality and provide incentives to attract
foreign capital by the various mechanisms, additional guarantees and stimulations.
4.3. Development of small and medium
enterprises
The main elements of development strategy of
small and medium-sized enterprises (SMEs) are:
– removal of legal obstacles for the establishment and operation of SMEs (municipality in
cooperation with state institutions)
– proposal of measures by the municipality
to facilitate the access of small and medium
enterprises to sources of finance
– reduction of the gray economy by improving
the environment in which newly registered
companies will operate

Table 1. SWOT analysis for the long-term project of free zone Presevo
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– promotion of activities in the local media
regarding the development of the SME sector
– providing financial and technical assistance
from foreign donors
– creation of an administrative and legal
business environment for SMEs
– informing
existing
and
potential
entrepreneurs about opening new credit
lines for SME development
– Establishing of a municipal agency for
SME development, which will provide
technical assistance for the establishment and
development of small and medium enterprises
– creation of clusters and business incubators
4.4. CORRIDOR 10 as a great opportunity
for strategic development
The international road E-75, which runs
through part of Serbia is one of the major European routes. It was placed in the Ten Roads (Trans
European Motorways) whose one of the goals is
connecting warm and cold European seas. For the
realization of this project, it is necessary to provide means through concessions, foreign investments and loans.

4.5. Strategic priorities in the institutional
development
Strategic priorities in the institutional development include:
a. development of municipal institutions in
terms of operation
b. establishment of an agency for strategic
development of the municipality
c. adaptation of institutions in all areas
according to the needs of inhabitants
d. technical equipment and personnel training
of municipal bodies for providing quality
services while establishing businesses,
solving property issues, etc..
4.6. Measures to be taken to improve the
budgetary basis of the municipality
a. improve the collection of fees for the
provision of municipal services
b. in collaboration with the donors, provide
additional resources that would improve the
quality of services
c. in cooperation with the relevant ministries
of the Republic of Serbia, provide additional
financial resources that would be used
specifically to enhance services for the
citizens.

Table 2. SWOT analysis for the facilities to be constructed on Corridor 10, the Municipality of Presevo
Strengths

Weaknesses

Chances

Threats

Location of the
municipality and the
fact that Corridor 10
passes through Presevo

Lack of
microfinance
opportunities,
guarantee failure
to develop
locally

Increasing the awareness of citizens,
entrepreneurs and municipal
administration of the strategic
importance of Corridor 10, capital
investment in facilities located in the
corridor in the municipality of Presevo

The slowness of the state
in terms of construction
of facilities on Corridor
10,nonfeasance of
plans which have been
established,

Possibility of capital investments from
diaspora

Possibility that the Greek
government withdraws
financing Corridor 10 in
SERBIA as EU partner
(EBRD)

High need for selfemployment as the only
possibility-as the basis
of establishing own
companies and shops
Proximity to the
Republic of Macedonia
border
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Underdeveloped
infrastructure

Possibility to focus
investment on the
road E80 towards the
Bulgarian border and not
towards Presevo and R.
Macedonia border
Volume 9 / Number 1 / 2014
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4.7. Possibilities that should be developed
to increase the financial capacity of the
municipality to promote local economic
development
It is possible to improve the financial capacity
of the municipality by the following activities:
a. creating favorable conditions for capital
investment
b. creating favorable conditions for opening
stores, manufacturing plants, and activation
of the existing ones
c. increase in local revenues (up to date billing,
receivables from taxes, fees, and other
revenues)
d. greater involvement of Presevo diaspora in
the economic development
e. constituting the lobby group for the support
of the municipality development on the state
and international organizations level.
4.8. Measures that will have a short-term
effect on the local economic development
and the reduction of unemployment
a. activating existing capacities (currently
working with under-utilized capacities,
or do not work at all) through appropriate
privatization
b. increasing the utilization of existing small
and medium-sized enterprises
c. construction of new small and mediumsized enterprises in trade and services;
In order to successfully solve these strategic
economic priorities, it is needed to undertake
some of the following measures:
– Provide high-quality financial assets
(loans from international institutions, the
Development Fund of the Republic of
Serbia)
– resolve the ownership status of the
privatization process
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Conclusion
Underdeveloped municipalities must base their
development aspirations on recognition of the entire municipal area in a unique natural ecosystem.
They must choose the concrete objectives and actions that will promptly provide integration into
regional and republic developments. Priority of
underdeveloped municipalities is a targeted development of small and medium-sized enterprises,
processing of raw materials from the local area,
the production of biologically healthy food and
tourism development. In order for these priorities
to be realized, significant improvements in the institutional and infrastructural terms are necessary.
Institutional progress must be based on technical
and personnel training. Personnel must undergo
appropriate training that will enable them to progress in professional but also in procedural terms.
Personnel must improve their skills and knowledge
in relation to work with people as well as with new
information technologies. Moračanin emphasizes
the importance of education and quality training
as basic requirements of success, implementation
and promotion of management quality concept in
all organizations [4]. Underdeveloped municipalities must approach the process of procedures and
regulations training, because, in this way, the obstacles that have been the main obstructions to potential investments, projects and financial support
of various funds and private equity are removed.
One of the requirements of procedural progress
is technical education in terms of modern equipment, which will enable the acceleration of the
procedures for collecting, processing and transmitting data.
The importance of infrastructure improvement
is reflected in the fact that one of the key factors
of each significant project and investment is infrastructure development of that town, municipality,
region. Institutional and infrastructural development would enable the development of small and
medium sized enterprises. The development of agriculture, livestock, small and medium enterprises
and tourism are a backbone of the overall economic development of the region. This would allow
increasing the standard of living, increasing the
number of employees and establishing stronger
ties with neighboring municipalities in the region.
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Abstract
The International Business and world economy
find their standfast in developed and maximally accomplished strategies which design structure management. Their role in International Management,
with certain factors (governments’ help, production,
marketing, finances) is decisive for accomplishments as well as for failures of companies which
work in several world regions. There are obvious
differences in contents and methods in managers
operating realization depending on where the companies are placed, whether they are in The USA,
Europe, Japan, South Korea, Russia, Turkey etc.
Apart from certain cultural and traditional characteristics which determine managers’ operations
of western or eastern type, International Business
sees importance in recognition factor of global
markets nature due to harsh competition among
these markets which has to be taken in mind at
the beginning. External surroundings of cultural,
educational, political, economic and technologic
character are also important. Thus, key decisions
in companies have to respect the international surrounding and ambient of different countries. Respecting all the circumstances, the International
Strategy is being built and the designing products and processes possibilities are being accomplished where the so called global companies have
the leading role, but there will always be a place
for multinational and export companies, too.
Key words: management models, global business, international companies, export companies,
multinational companies, global companies, international surrounding, international strategy, strategic planning, marketing.
Introduction
Our economy involvement in world economy
flows is closely connected with Management PhiVolume 9 / Number 1 / 2014

losophy and Marketing Philosophy, as well as for
Strategic Planning. This will be useful for businessmen from our country to meet Management Principles in developed Western countries and in Japan.
The Science about Management, which is
based on using its principles in practice in different
circumstances, will be helpful in this process. This
means that operative science will offer practical
knowledge which will be useful in our conditions,
being led by achievements in this science and by
the recognition of practice in other countries.
Thitherward, the leading are The USA, which
are considered to be world leader in Management
Theory Development and its practical application.
American management represents world standard
nowadays, and various countries base its studies
on how to apply American experiences in their
own economy. Most European countries turn
more and more to traditional American practice in
Strategic Planning Area, Decision-making Decentralization and to Motivation System.
However, there are a number of countries trying to solve their economic development problems
through Japanese Type Management Model lately.
This can be best seen on some Asiatic counties examples, which, thanks to micro technology development on Japanese Management Model have a
significant role in world business nowadays. These
are, primarily: Hong Kong, Singapore, Thailand
and South Korea.
When talking about management models, one
has to have in mind all the difficulties which show
up in these models study. It is important to emphasize that entrepreneurial operations significance
depends on other factors, and not only on management. Basic company operations, like: production,
marketing, finances require specialized knowledge in management.
Numerous companies can be successful thanks
to a good marketing and a good production orga103
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nization, as well as effective finances managing,
despite of a poor management.
Activities in each company can be divided in
two groups: managerial and non-managerial. Both
of these activity forms are being reflected in human
factor and materialistic resources usage as well as
in external environment influences: cultural, educational, economic, political and technological.
The differences in management practice in different countries are evident because the society
and the environment are not static, and because of
their continuous changings.
Thus, if we take the example of French management, when analyzing the European Management,
its characteristic is the fact that their Governments
plans National Scale and it helps coordination plans
process in some companies. Managers planning
function is emphasized there. Government’s aim
is to use the most efficient resources in the country and to avoid the uneconomic areas expansion.
Government’s Plan is being changed every five
years and it contains economy development, prices
stability and payments balance. This plan doesn’t
restrict managers’ job. On the contrary, manager
is included in plan realization and its application,
which refers to managers Employer Company.
Plans in France represent a global strategy which
helps certain industries nowadays. Government’s
intention is to integrate Electronic Industry in one
ensemble and to support a few national projects,
like mini and huge computers production. The second example is collaboration between Government
and Car Industry “Renault”. This case shows the
evidence of a close collaboration between Government Planning and Corporation Planning.
Management analysis for Germany shows that
the authority and law restrictions are the most important elements which each manager has to have in
mind. German cultural environment, both now and
earlier, has been favoring managing authority, thus
managers expect their subordinates to be obedient.
Managing style, which is characterized by high level of authority usage, is one side in this case, while
workers, represented by their syndicate, and indirectly introduced in management process in corporation, are on another side. That represents so called
Legal Political Environment in which a manager has
to represent employees’ interests and to make the
best decisions for company, at the same time.
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Beside the experience in French and German
practice, the examples of other countries experiences are important for management studying, especially from the standpoint of private, state and
mixed enterprises in our country. We should note
the example of Austria, where the process of enterprise managing is under the impact of various moral
attitudes which rule in that country and the country
respects different political and social values.
Italian example shows that their managers act
within the law tolerance towards risk. Their managers are committing themselves to professional
way of decision-making.
Austrian Management is characterized by selfrealization, managing and independency in performing jobs. The tolerance towards risk is low,
and managers abide by the laws.
Unlike the others, the most important manager’s characteristics in Britain are certainty and
individuality.
However, a Comparative Review of The Japanese and The American Management shows real values and advantages of management in the practice of
entrepreneurship, stockholding, and managing.
The practice of management in decision-making sphere in Japan is different than decision-making practice in the USA. Japanese practice is based
on the concept on changings and accepting new
ideas, which are primary. Workers on lower levels,
in employment hierarchy, prepare the proposals
and forward them to higher workers levels. Workers on higher levels, before accepting or rejecting
suggestion, consult subordinated workers. Japanese Management is characterized by consensus
in decision-making. If a higher level approves a
lower level proposal, it is returned to the initiation
with the aim of its further processing, in which a
special attention is given to defining questions or
problems. Decision-making process comes after
the communication process, while American managers find the culprit in the decision, rather than in
the defining problem process. Therefore, Japanese
manager makes a decision after a long discussion
about a certain problem. The interest of mass and
seniority and loyalty to a company are emphasized
in Japanese management practice.
However, the basic Japanese Management
characteristic is consensus in decision-making.
This deserves a special attention, which we’ll
Volume 9 / Number 1 / 2014
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show on planning process comparison at Japanese
and American Market.
While planning in Japan represents a long term
orientation, it’s short-term in America. Then, decision-making in Japan is mass with consensus, and
it’s individual in America. More people are involved
in making-decisions preparing in Japan, contrary to
fewer people in America. Course of deciding in Japan goes from lower to higher levels, and it is vice
versa in America. Decision-making process in Japan is rather slow, which isn’t the case in America.
The responsibility for decision-making is unclear in
Japan, while it’s precise in America.
The Organizational Structures in Japan are informal, and these are formal in America. Japanese
managers possess competitive spirit towards other
companies, but managers in the USA identify with
the profit rather than with a company. In terms of
personnel, Japanese have been employed just after their graduation and there is not an increased
movement of employees between companies,
contrary to the USA. In Japanese case, personnel
loyalty towards company is expressed, while it’s
expressed towards profession in the USA.
Process of career development in Japan is very
slow, while rapid progression is based on individual characteristics in the USA.
Japanese estimate personnel results in longterm, and that period is shorter in case of the USA
managers.
In terms of leadership, the manager is a group
member in Japan, but, in case of the USA firms,
the manager is a group leader.
Japanese managers hold protective style, contrary to managing one in the USA. Processes in
Japanese firms are focused on a group, contrary to
the USA focus on an individual.
This comparative analysis of two management
styles of two most developed countries can serve
to every country and every company to preference
to the most optimal solutions in the moment.
1. Global business
Understanding of the term of global business
presumes an understanding and comprehension
of The International Business Operation. Rapid
development in technology, communication and
traffic has influenced on making so called Global
Volume 9 / Number 1 / 2014

Markets for certain types of goods and services.
Certain types of goods are known and present on
all markets throughout the world. Coca - Cola has
been sold in every country. This is an example of
expanding the range of variety of other goods and
services in hotels and restaurants, tourism, communication, banking, electronics etc. This is the
way of development of so called Global Business
within which World Market has been seen as a
unity, and goods and services cross international
borders. There is a global economy of scale as a
result, and competition occurs between firms in
any part of the world. This means that a firm which
does not recognize Global Markets and products
nature cannot successfully compete on the market.
The technology and the products can be divided mutually, while Multinational Businesses
are organized by country, where multinational
companies operate in more countries, on different
bases. Each of foreign affiliates of multinational
companies makes the best decisions for its local
market. Managers’ performance in each country
is based and valued on generated profit or loss.
Accordingly, a multinational company is divided
in her performance on global markets and, consequently, it cannot manage a global company’s
resources and economy.
That is why the multinational company’s capacities and operations can be underutilized in another country. Technology transfer among countries can be dropped, while a product is being conformed to local taste, too. [1]
Applying superior technology and economy to
the same extent, a global firm can provide a product
that is not expensive and of a high quality in whole
world at the same time. This kind of a global firm
can upstage both multinational companies and local
firms which aim is to supply only local priorities.
Another type of a firm that operates on International Market is the one that exports products
and technologies for usage abroad. These firms
are based in one country and they don’t manage
factories in other countries. However, these firms
can hold a broad marketing organization in foreign countries and sell goods through its agents.
This export firms can be successful if their centralized capacities successfully meet regional requirements, as well as the requirements in wider
environment.
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Japanese Car Companies, like “Toyota” can
be an example. These companies were exporting
cars from their base to other markets for a long
time, before their turning in multinational companies. This was because of production capacities and marketing services installation in foreign
countries and thus organizing foreign branches.
Thus, Japanese firms work on global base nowadays, selling the same cars worldwide, whereby
production and selling capacities are coordinated
on global basis.
Based on the above, it can be concluded that
there are three types of international firms:
1. Global firms that sell similar product on all
markets in the world. These firms have the
international net of coordinating capacities
for production and selling, toward obtaining
market precedence; business operations and
technologies spread worldwide have been
being used.
2. Multinational companies that product ad
sell in various countries according to local
tastes. These companies are most often
organized on the model of independent
foreign branches in various countries.
3. Export companies which send products
from domestic factories to different markets.
These firms can sell through their own
marketing agencies, and they can also sell
technologies licenses abroad.
Besides the fact that global firm will be the
dominant type of firm in the future,it has to be said
that there will be still a place for multinational and
export firms, too.
There are three ways of competing on the market:
1. Low price;
2. Discernment; and
3. Suitable position on markets.
Global firms favor low-prices products, for
standardized products are the basic form of global
firms’ competition. Multinational and domestic firms can successfully compete by suitable
products and differentiation. Discernment forms
are: quick servicing, high quality, response upon
user, new products application and so on. Hence,
a multinational firm has the possibility to provide
differentiated servicing, especially if the price is
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not the primary base for competing. This firm can
produce products for appropriate markets existing
on a local base, like products for household, Pharmaceutical Industry, services etc.
Multinational and local firms can provide deliveries on unique market base which is demanded
by numerous companies, while global companies
with international capacities are not able to provide unique market servicing at low prices.
2. International environment and key
decisions in firms
Decision-.making in firm operating is influenced by international environment. Different
countries’ ambient, where the firm is present, are
characterized by: economic, social, political and
legal systems of each country. Hereof, decisions
about operations are integrated in the complex International Environment, which covers more than
one country. Therefore, marketing and financial
decisions have mutual impact on decisions in drive
operations. These drive operations are surrounded
by Business Strategy, which determines the aims,
tasks, competences and policy in conducting business and operations.
In order to understand the effects of individual
elements of environment, their impact on the decisions in the operations, wider explication is needed.
First, economic factors impact is clear: Different countries have different capital and work
prices; Different automatization levels impact on
manpower using intensity, whose effects may be
transmitted into the countries with cheap manpower. Besides, inflation costs, rates of exchange,
taxes etc. impact on location selection of new capacities (factories) in different countries.
Second, decisions in operations are under the
politics factors influence. Unstable politic environment can contribute to unaccepting of the risk
evaluation of investment in a new factory. Some
countries’ politics can lead to market barriers,
which influence on costs increasing and on decisions about location, as well as about the sources/
raw materials, Manpower is, also, under the influence of legal, social and cultural factors. Thus, it
is not possible to organize work in three shifts in
some companies, since women are not allowed to
work after 10 p.m. (example of Japan), while firVolume 9 / Number 1 / 2014
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ing workers is very expensive in some countries
(example of Italy and Switzerland). Due to this situation, these countries have been employing many
workers on temporary basis.
There is an example of some countries (Italy,
France, and Germany) where a factory cannot be
shut without previously given notice of closure,
since the employees are represented in steering
committee.
There are three significant regions in International relations: Europe, South America and Pacific
region. More than 70% of developed world trade is
done in these areas. Therefore, when determining
International Operations Strategy, we have to think
about these three areas. Europe goes through the
way of free trade, where all barriers will be eliminated and that will make Europe the biggest world’s
free market. Pacific region is made of the following
countries: Japan, China, Taiwan, Singapore, and
Korea. These countries increase their export and
their participation in world trade rapidly.
Hence, International Environment impacts on
decision-making in business operations are huge.
3. International strategy
Successful decision-making in operations is
determined by International Business Strategy,
which defines the products and the markets where
a firm wants to take part in. The Strategy defines
how the products, the markets and the competition
will be accomplished in each country.
In order to achieve Business Strategy, it is necessary to determine operations aims and tasks. Business can demand selling series of some products in
European countries at low price. In this case, The International Business Strategy will direct operations
strategies and specific decisions, process technology,
supplying by raw materials, facilities location. [4]
The International Strategy deals in decisionmaking about how the activity and Value Chain
are allocated by countries. The value chain divides
customers and suppliers in separate interdependent activities.
Thus, Value Chain shows how the firm makes
value for its customers. Competitive Value is accomplished when the firm makes value which exceeds its making costs. This means that the value
is what customers want to buy and pay.
Volume 9 / Number 1 / 2014

Activities inside a firm create values. Some of
these activities are primary, and these are: incoming logistics, operations, outgoing logistics, marketing, sale and services.
These primary activities deal directly by products production and sale. Beside primary activities, there are support activities, including Purchase, Human Resources Managing, Technical
Development, Shareholding Finances, Public Relations etc.
The skill to conduct each activity, relation between primary activities and support activities, as
well as the coordination level between them, exhibits as competitive advantage of the firm.
International Strategy is implemented by determining the position of Value Chain parts for design, production, sale and servicing the products
on international level. One of various activities is
to locate all activities in each country where the
company operates. This suits to a multinational
company which is highly decentralized, with the
exceptions in parts of development and infrastructure of the company.
The second option is to concentrate values of
the activity in one part of the world, with the exceptions of sale and service. The company can export at other markets in this case, although it is
centralized, with the exceptions of marketing and
sale which are decentralized.
The third option is to expand production activities through the world and, thus, to use the advantages of Location Costs and International Supply by
the material. The research and development could
be centralized because of concentration of technical
values. All the activities that make values should
be coordinated to achieve competitive advantage
throughout the world, selling on global markets.
Apart from the above, there are many other options for determination of the place of activities
which create value. It is important that the value
is created in places around the world that are the
most suitable to meet The International Strategy.
Selection of one of the above options provides
certain orientation about how the company wants
to create value and competitive advantage. It is
necessary to make specific decisions on where
to locate capacities, which type of technology to
choose, where to supply the components and what
type of infrastructure to build. [11]
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4. Products and processes designing
Choosing one of strategies, International Company has to make decision about whether to standardize products and processes on global base. If the
company elects Multinational Strategy, then each
branch will choose products and processes which
meet the needs of its market. When such a decision,
it can be counted on shared technology and products, where the choice will be decentralized.
Global company must have products and processes disposed in different countries, to ensure
competition on the market. The choice of global
strategy, however, determines shared products, but
not specific locations for plants. Global Strategy
may require a factory in chosen country or a few factories in various countries. For example, whiskey is
being bottled in various countries for it would be expensive to transport it on longer distances. Thereby,
ingredients control and recipe are provided, which
guarantees that whiskey will have the same quality
in each country where produced. [12]
Company can develop a product for world
market in spite of competitive by means through
programming, applying automatization and modern organization in production.
To illustrate such an attitude, we’ll use an example famous company “Black & Decker”. This
company is faced to a strong competitive on
world’s market, which made it to produce hand
tools with double isolation for safety reasons. In
order to meet safety reasons, costs were controlled
to prevent global competitive on The USA Market. To achieve this, the company decided to take
over complete reprogramming and predesigning
of its electric tools. Reprogramming and predesigning was necessary for the company “Black
& Decker” to become domestic manufacturer in
The USA, with the aim of selling products abroad,
or on World Market. The strategy for reprogramming and predesigning the world’s product is conditioned by predesigning each of eighteen groups
of tools from production program due to introduction of a higher standardization level and the use
of common parts where possible. It was necessary
to redesign engines in each tool in order to enable
engine production automation. Therefore, standard reinforcement was designed instead unique
engine for each tool. This reinforcement will dif108

fer only in length, and not in diameter, depending
on tool energy requirements.
Decision about the design proved to be right,
because engine manufacturing required only 170
workers, instead of 600 workers in old project.
Nevertheless, this project had big investment risks
of $17 million, for a period of 7 years.
The impact of the project for energy tools reflects in the fact that “Black & Decker” has won
part of both, The Domestic Market and International Market by lowering prices. Hence, “Black
& Decker” took aback its competitive, which left
consumers market because their products were
considerably more expensive.
In addition to the effects achieved in the market, “Black & Decker” has achieved other benefits. Namely, introducing new products in the
program, these products can be designed faster
thanks to modular engine technology. Production
and development engineers have learned to better
cooperate on projecting the reprogramed product,
from the beginning. Enginery and production are
reorganized, and, for the sake of easier and more
efficient coordination, they have joint president of
operations. They have avoided writing off some
products due to obsolescence since production capacities have been used for other tools production.
Thus, development step of new product and leaving the old one has been significantly accelerated.
An example of “Black & Decker” Company
shows how Global Product and Process Standardization can be a powerful force on global market.
Thanks to economies of scale, this company has
committed itself to export its products in Europe
from its base in The USA. In this case, the principle that well designed products, at low price have
lure, was confirmed. Accordingly, continuous
product and process development is conditioned
by standardized designs and global strategies. [10]
Conclusion
There is no doubt that manager’ skill and knowing the different world ambiences nature have significant role in international trade. In the conclusion of this work, we have put at its top the knowledge about the nature of different world ambiences and products development processes through
standardized projects and global strategies as key
Volume 9 / Number 1 / 2014
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conditions for adequate manager ideas into roles.
All these conditions, of course, can’t be considered separated from other ability factors, despite
occupying a high place in hierarchy of managers’
ability factors. That ability often finds its revision
in concrete cultural, social, legal and economic
ambience of different countries worldwide.
Hence, more and more intense and more spread
interaction of international firms and companies,
especially global ones, but also the expansion of
local markets on foreign markets, demands an
adequate role of managements that conduct those
companies and determine their strategy and processes for accomplishing the aims of international
and global business.
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Abstract
In this paper wireless communication system
with dual branches signal-to-interference ratio
(SIR) based selection combining diversity receiver
operating over a-m multipath fading interference
limited environment in the presence of co-channel
interference subjected to a-m multipath fading is
considered. The average level crossing rate of SC
output SIR closed form expression is evaluated.
This result is used for calculation of average fade
duration of wireless communication systems with
SC diversity technique in the presence of a-m fading and co-channel interference. Average level
crossing rate of SC output SIR is shown in terms of
SC output SIR for several values of fading parameters and average SC inputs SIR power. Numerical
results are graphically presented to show the influence of fading parameters on level crossing rate.
Key words: wireless system, a-m multipath
fading, co-channel interference, average level
crossing rate, average fade duration
1. Introduction
In this work wireless communication system in
the presence of multipath fading and interference is
considered. In cellular environments the co-channel
interference power is high as compared to thermal
Gaussian noise power, so influence of noise on
level crossing rate and average fade duration can
be ignored. In interference limited environments,
two or more signals with different originating locations at the same frequency interfere, resulting in
co-channel interference. Desired signal envelope
experiences a-m multipath fading. The result of
a-m multipath fading is signal envelope variation.
Signal envelope variation degrades system performance such as outage probability and bit error
probability. The a-m fading is presented in inhomo110

geneous diffuse scattering environments [1]. This
fading describes small scale signal envelope variation in nonlinear multipath fading environments in
the presence of more clusters. It is important to determine how a-m fading affects average level crossing rate and average fade duration of wireless systems. The a-m fading model has two parameters:
a and m. The parameter a is related to nonlinearity
and the parameter m is related to the number of clusters in multipath propagation. The a-m distribution
is general distribution and the generality proposed
analysis is provided by considering wireless system
with SC receiver operating over a-m multipath fading environment. Some other distributions can be
derived from a-m distribution. By setting the parameter a=2 from a-m distribution, the Nakagamim distribution is obtained. Weibull distribution can
be derived from a-m distribution for m=1. By setting a=2 and m=1, the a-m distribution is reduced
to Rayleigh distribution. For a=2 and m=0.5, the
a-m distribution approximates one-sided Gaussian
distribution. The wireless transmission is affected
to co-channel interference. The interference envelope is subjected to a-m multipath fading. Ratio of
desired signal envelope and co-channel interference envelope is important performance measure
of wireless communication systems. In proposed
system, the SIR is ratio of two a-m random variables. It is important to study co-channel interference effects on system performance. There are
more combining diversity techniques that can be
used to minimize fading effects and the influence
of the co-channel interference on system performance, and also to minimize the signal envelope
variation effect on quality of service. Application
of multiple antennas at the receiver is very efficient
method for upgrading transmission reliability and
system capacity without increasing transmission
power and bandwidth [2]. The most frequently
Volume 9 / Number 1 / 2014

technics technologies education management

used combining diversity techniques for improving
system’s quality of service are maximal ratio combining (MRC), equal gain combining (EGC) and
selection combining (SC). The MRC provides the
best performance. In MRC receiver, channel state
information is requested at each branch of diversity
and it has the most complex implementation. EGC
receiver is more complicated for practical realization then SC receiver. MRC and EGC process each
diversity branch. In SC receiver, the processing is
performed only on one diversity branch, and no
channel state information is requested. SC receiver
is the simplest for practical realization. In interference limited environment, SC receiver selects and
outputs the branch with the highest SIR, or the
branch with the strongest desired signal envelope
or the branch with the highest total signal envelope.
In work [3] the level crossing rate of dual selection diversity operating over correlated Rician
multipath fading environment in the presence of
co-channel interference subjected to Rayleigh
multipath fading is considered. The level crossing
rate and the average fade duration of SC diversity
operating over Rayleigh multipath fading channels in the presence of the co-channel interference
which suffer Rician multipath fading, are evaluated in the paper [4]. In paper [5] an approach to
the performance analysis of wireless transmission
over the Rician fading channels experiencing an
arbitrary number of multiple Ricean cochannel
interferers is presented. In the paper [6] the level
crossing rate and average fade duration of selection diversity are calculated. In this paper, signal
envelope variation is described with Rayleigh,
Rice and Nakagami-m distributions. The level
crossing rate and the average fade duration of the
double Nakagami-m random process are calculated in work [7]. The double Nakagami-m random
variable can be obtained as product of two Nakagami-m random variables. In paper [8] the selection combining in the presence of desired signal
and interference is considered. The level crossing
rate and average fade duration are derived when
desired signal and interference are subjected to
Nakagami-m fading. In work [9] the level crossing rate and average fade duration of EGC system
operating over Rayleigh multipath fading environment in the presence of co-channel interference
which suffer to Rayleigh multipath fading are calVolume 9 / Number 1 / 2014

culated. The level crossing rate is reported in literature in more works [10],[11],[12]. In paper [13]
performance analysis of wireless communication
over α-η-μ fading channels is analized.
In this work, the level crossing rate and the
average fade duration of wireless communication system with SC receiver operating over a-m
multipath fading, interference limited, nonlinear
environment, in the presence of co-channel interference subjected to a-m multipath fading is
considered. The first and second order statistics of
SC output signal are calculated. The closed form
expressions for probability density function and
cumulative distribution function of SC output SIR
are derived and used for average fade duration of
proposed system evaluation.
To the best author’s knowledge, the average
fade duration and the level crossing rate of wireless communication system operating over a-m
multipath fading environment in the presence of
co-channel interference subjected to a-m multipath fading is not reported in technical literature.
This paper is organized as follow. In section II
the ratio of two a-m random variables is considered. The PDF and CDF of the ratio of two a-m
random variables are calculated. Then, the joint
probability density function of the ratio of two a-m
random variables and it’s first derivate is derived.
Using this expression, the average level crossing
rate of the ratio of two a-m random variables is
evaluated. In section III the dual, SIR based, selection diversity operating over a-m multipath fading
channel in the presence of co-channel interference
affected to the a-m multipath fading is considered.
In this section the level crossing rate of output signal of SC diversity receiver is calculated as closed
form expression. The average fade duration for this
SC diversity receiver is also calculated as the ratio of outage probability and average level crossing
rate in the form of infinite series expression.
2. Ratio of two a-m random variables
The ratio of two a-m random variables x and y is:
, or
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where
variables:

and

are Nakagami-m random

and
and the parameter a is related to nonlinearity of
environment. The first derivative of z is:

The squared Nakagami-m random variable

The average value of
of is:

is zero. The variance

is:

where
are independent, zero mean, Gaussian random
variables:

where:

The first derivative of Nakagami-m random
variable
is:

and where
is maximal Doppler frequency.
After substituting, the formula for the variance of
can be written in the following form:

where
are Gaussian zero mean random
variables.
The squared Nakagami-m random variable is:

The first derivate of ratio of two a-m random
variables follow conditional Gaussian distribution:

The first derivative of Nakagami-m random
variable
is:

=

The joint probability density function of
and is
where
are Gaussian zero mean random
variables.
After substituting, the expression for the first
derivative of the ratio of two a-m random variables becomes:
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The random variables and follow joint distribution
=

The average level crossing rate of z can be calculated as the average value of :

The random variables z and x1 are:
and
The conditional probability density of z is
, where

Since:

After substituting and averaging probability
density function of the ratio of two a-m random
variables becomes:

the previous expression for level crossing rate
can be written in the form:

The Nakagami-m random variables x1 and y1
follow distributions:

The cumulative distribution function of two
a-m random variables ratio is:

After substituting, the expression for average
level crossing rate becomes:
where:
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The cumulative distribution function of SC
output SIR is
and
is incomplete beta function.
Above integral is solved, using definition for incomplete beta function:

The average fade duration of selection combining diversity can be evaluated as the ratio of outage
probability and level crossing rate of output SIR

3. SC receiver performance
In this paper the dual SIR based selection diversity operating over multipath a-m fading channel in the presence of co-channel interference
subjected to a-m multipath fading is considered.
The desired signal envelopes at inputs of selection combining are and , and the interference
signal envelopes at selection combining inputs are
and . The joint probability density function
of SC output SIR and its first derivative is:

Figure 1. The average level crossing rate of SC
output SIR for power = =1

where
and
The average level crossing rate of SC output
SIR is

Figure 2. The average level crossing rate of SC
output SIR for a=1 and m=1
In Figures 1. and 2. the average level crossing
rate of SC output SIR is shown in term of SC output SIR for several values of fading parameters a
and m and average SC inputs SIR power
and
. For more values for SC output SIR, the level
crossing rate decreases as SC output SIR increas-
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es. As SC output SIR decreases, the inluence of
SC output SIR on level crossing rate decreases.
As parameter a increases, the level crossing rate
decreases. The parameter m has influence on the
value of level crossing rate maximum, when the
SC output SIR has great values.
4. Conclusion
In this paper the wireless communication system
dual branches SIR based selection combining diversity system operating over a-m multipath fading
environment in the presence of co-channel interference which suffers to the a-m multipath fading is
analyzed. The signal envelope and interference envelope are subjected to a-m multipath fading. In interference limited environment, the signal-to-interference envelope ratio is an important performance
measure. In this case, the ratio of desired signal envelope and co-channel interference envelope is the
ratio of two a-m random variables. The PDF of the
ratio of two a-m random variables, the CDF of the
ratio of the two a-m variables and the joint PDF
of the ratio of the two a-m random variables and
its first derivative are evaluated. Also, the average
level crossing rate of ratio of two a-m random variables is calculated. Using these results, the PDF and
CDF output SIR are derived. The second order statistics, as the average level crossing rate on average
fade duration for wireless communication system
with selection combining diversity in presence of
a-m multipath fading and co-channel interference
are determined. Using infinite series expressions,
the second order statistics are efficiently evaluated,
graphically presented and discussed.
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Abstract
During its historical development in Bosnia and
Herzegovina has been formed a multiethnic and
multicultural society’s structure. With its geographic position and tradition of tolerance and multicultural life, Bosnia and Herzegovina is in a position
to strengthen the idea of integration of people and
nations in the European Union. However, the European integration process in the post-Dayton Bosnia
and Herzegovina, due to the absence of democratic
consolidation, cannot be continued without geopolitical engagement of the institution of the European
Union and the international community. Successful
implementation of the integration of BiH into the
EU is conditioned by the creation of a new approach
of the international community and the European
Union in carrying out the r e forms necessary to
achieve candidate status as well as the full membership of the state of Bosnia and Herzegovina in the
European Union. In performing the process of EU
integrations in Bosnia, the institutions of the international community and the EU have a historical responsibility established by the Dayton Peace Agreement. The supreme power in t he implementation
of the Dayton Peace Agreement has the High Representative of the international community. In this
regard, the international process of sustainable state
building in Bosnia and Herzegovina is performed on
the basis of the Dayton Peace Agreement.
Key words: Bosnia and Herze g ovina, the
European Union, the Dayton P eace Agreement,
consensus, European integration, democratic consolidation, Road Map, the S t abilization and Association Agreement, the de m ocratic deficit, the
parliamentary majority
1. Introduction
In geographic terms, Bosnia and Herzegovina is
a country located in the central part of the Western
Balkans (it covers 51,129 km2). In its northern area,
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the land has a natural border with Croatia, along the
Sava-river. In its south-eastern and eastern part,
Bosnia and Herzegovina borders with Montenegro
and Serbia along the river Drina. The Drina River
is known as the boundary between the Eastern and
Western Roman Empire. After the settlement of the
Slavs in the seventh century in the Balkans, Bosnia is mentioned as a separate country in historical sources in the X century. From the ninth until
fifteenth century exists medieval country Bosnia.
Bosnia had highly developed commercial relations
with the Dubrovnik Republic and other neighboring countries. In terms of religious life and the organization of the church, Bosnia had its own separate Bosnian Church. Bosnian Christians known as
Bogomils did not belong either to Catholic nor to
Orthodox Church circle. Gradually involvement
of the Bosnian population in the Christian church
has made Bosnia to the medieval confessional, and
later a multi-ethnic community. [1] After the battle
of Kosovo 1389 and conquest of Serbia, the Ottoman Empire executed King Stjepan Tomašević
1463 and conquered Bosnia. The mother of the
King Stjepan Tomašević, Queen Catherine KosačaKotromanić, has succeeded to escape over Kupres
and Dubrovnik to Rome, where she was buried after death. Until late IXX century, Bosnia and Herzegovina will exist as separate territorial, geographical, administrative and cultural group within the Ottoman Empire. Since Carlowitz Peace Treaty 1699,
Bosnia has basically the modern boundaries. [2]
In the sixteenth and seventeenth century a considerable part of the indigenous Slav population
in Bosnia moved to the Islamic religion. Bosnia
will become a country where people belonging to
a mixed Muslim, Catholic and Orthodox faiths.
From the sixteenth century, after the emigration
from Spain to Bosnia, actually in Sarajevo and other
cities, live tens of thousands of Jews. During four
centuries of Ottoman Bosnia, civilizational development was on hold, compared to the other countries
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in Europe. There was no road and rail infrastructure.
There was no civil schools and universities. The
population was illiterate and exploited. (Serf gave
one third of his production to the aristocracy).Such
a backward country with great natural resources under their control, take over Austria-Hungary on the
basis of decision of the Berlin Congress of 1878.
In a time of 1878 to the First World War, Bosnia
and Herzegovina has entered the historical process
of industrialization and urbanization. Historically
speaking, with the Austro-Hungarian governance
began Europeanization of Bosnia and Herzegovina.
In those 40 years industrial sectors were more developed: chemical industry, food industry, wood
processing, metal industry, metallurgy and mining.
The first railway line from west to east was built.
The primary and secondary schools were open. The
National Museum was established as a scientific
research institution. All major cities have got water
supply. The postal traffic was developed. The development of civil society started. In the first decade of
the twentieth century, the political parties were created. 1910 Bosnia and Herzegovina gets its Statute
(Constitution) and the Parliament but remains under
the sovereign authority of Vienna and Budapest.
From 1918 until 1941, Bosnia and Herzegovina
is a part of the Kingdom of Yugoslavia. In that time,
Bosnia and Herzegovina has been neglected, especially in terms of economic development. During
the World War II, in fact 1943, Bosnia and Herzegovina became at the session of AVNOJ (Antifascist
Council of National Liberation), thanks to the antifascist struggle of the peoples, one of six equal republics which established the Yugoslav Federation.
As part of the Yugoslav Federation from 1945
to 1990, Bosnia and Herzegovina has built a new
economic structure, develop education and health
care. Over one million of 4.4 million people as far
as Bosnia had by census 1991, were employed.
Bosnia had a huge number of large companies that
have been the largest exporters to the European and
world markets in the former Socialist Yugoslavia:
Energoinvest Šipad, Unis, Sodas, UPI. At this time,
the University of Sarajevo was founded 1949. In
early 70-ies of XX century, universities were opened in Tuzla, Banja Luka and Mostar.In times of
crisis and dissolution of the Yugoslav Socialist Federation, in Bosnia and Herzegovina, as well as in
other republics, was established a multi-party pluraVolume 9 / Number 1 / 2014

list system. The first multiparty elections were conducted in 1990. The elections resulted with absolute victory of three ethnic parties: the Bosniak party
SDA, the Serbian party SDS and the Croatian party
HDZ. These three parties won 94% of seats in the
Parliament of mandates Bosnia and Herzegovina.
The Parliament decided 1992 to conduct a referendum in which the citizens declared about sovereign
and independent state and the legal status of their
country, as the citizens of Slovenia and the Croatian Republic have already done after the dissolution
of the SFRY occurred.After a successful referendum for citizens: 64% of the population enrolled
in the electoral rolls responded. From citizens who
responded, 99% were for the development of an
independent and sovereign state of Bosnia and
Herzegovina. After that followed the international
recognition of Bosnia and Herzegovina by the European Community, the United States of America
and most countries in the world. In May (May 22,
1992), Bosnia and Herzegovina became a member
of the United Nations.
Independent and sovereign development of
Bosnia and Herzegovina and the decision on a referendum of the citizens did not accept Karadzic’s
Serbian Democratic Party (SDS), which in the
first multi-party Parliament was one of the three
ruling parties. After the decision of the BiH
Parliament’s declaration of independence, Serbian
Democratic Party with the support of Milosevic’s
regime and using JNA (military legacy of Tito’s
Yugoslavia), responded by starting the war. Over
1.5 million Bosniaks and Croats were displaced
from their homes. In addition to the ethnic cleansing in the area circled by force as Serbian Republic with the aim of annexing Serbia, in genocide
in Srebrenica 1995 executed over 8000 Bosnians.
Perpetrators of crimes Karadzic and Mladic have
been on trial at International Court in Hague since
2009. The four-year war has stopped by Dayton
Peace Agreement 1995. Leadership in achieving
a political solution had the Clintons administration and the United States of America. An integral
part of the Dayton Peace Agreement is Annex IV:
Constitution of Bosnia and Herzegovina. Political
and constitutional order of Bosnia and Herzegovina was made on the basis of ethnic domination
in establishing state authority. Therefore, Bosnia
and Herzegovina is dysfunctional and unstable
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states. Post-war peace-building in Bosnia and
Herzegovina, state building and consolidation of
parliamentary democracy takes place within the
international integration process of Bosnia and
Herzegovina to the European Union and NATO.
All processes are conducted under the supervision of the international community and the Special Representative of the European Union. In this
way, Bosnia and Herzegovina is a specific form of
international protectorate. Stability of peace in the
Western Balkans and Europe, highly depends on
peace in Bosnia and achieving the strategic goal
for Bosnia and Herzegovina to join the European
Union. The possibility of its ethnic divisions and
destabilization will be than excluded. [3]
2. EU –BiH: The genesis of the relationship
and partnership
After establishment of peace in Bosnia and
Herzegovina, European Union promoted the first
initiative for the cooperation in the Southeast Europe with the Declaration of 13 December 1995,
during the Paris Peace Conference for Bosnia and
Herzegovina.
A year later, from December 1996 to May 1997,
the Initiative for Cooperation in South East Europe (SECI) was launched by the engagement of the
United States. This initiative will later, together
with regional initiatives of the Organization of the
Black Sea Economic Cooperation (BSEC), the
Central European Initiative (CEI) and the Process
of Cooperation in Southeast Europe, influence the
implementing of the objectives given by Stability
Pact for South Eastern Europe. The process of cooperation in Southeast Europe, the Stability Pact in
Southeast Europe and the Initiative for Cooperation
in South East Europe, are the first regional initiative of the international community to stabilize the
region’s countries. As a next step of stabilization
and integration of the Western Balkans into the EU,
the European Union has earmarked two instruments
- contractual relationship between the EU and each
country individually and financial cooperation programs. Within the overall regional approach, the
European Union adopted on 29th April 1997 the
concept of conditionality that applies to the states
of the Western Balkans, and includes respect for
democratic principles, human rights, rule of law,
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protection of minority rights, the implementation of
market-economic reforms and a willingness to regional cooperation. These requirements are divided
into two groups - general requirements, which are
set for all countries in the region and special conditions, closely associated with the terms and obligations under the Dayton Peace Agreement.
However, up to 1999, the expected changes in
the political or even in the economic sense, has
not been implemented. In its report of 26 May
1999, the European Commission has found that
the impact of a regional approach to the European
Union was “selective bilateralism instead of regional cooperation.” Thus, after the end of the war
in Kosovo in 1999, upgraded multilateral regional
approach set the Stability Pact for South Eastern
Europe and bilaterally established by the Stabilization and Association Process, which relates
exclusively to the states of the Western Balkans.
The Stability Pact is a process aimed at achieving a lasting peace, development and stability in
South East Europe, the strengthening of regional
cooperation and involvement of countries of the
region into European and Euro-Atlantic integration. Stabilization and Association Process in
Bosnia and Herzegovina began 1998 after the
Consultative Task Force – CTF was established,
as a forum for conducting technical and political
dialogue between BiH and the European Union,
which will later take place in Road Map (Road
Map). The Road Map was divided into policy
measures, economic measures related to democracy, the rule of law and human rights. These included measures of political adoption of the Election Law and the regulation of financing elections,
the formation of the Permanent Secretariat of the
Presidency of Bosnia and Herzegovina, the adoption of the Law on Civil Service, the adoption of
rules and procedures for the determination of the
Parliamentary Assembly of Bosnia and agreement
of the Council of Ministers chairmanship, making unique passport implementation of the State
Border Service and the regulation of financing of
the Constitutional Court. Economic measures included a transformation or elimination of the Institute for the payment, the establishment of the
State Treasury, the elimination of trade barriers
between the entities, establishing a unified BiH
Institute for Standards, Metrology and Intellectual
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Property and the Institute for Accreditation, the
adoption of the Law on Consumer Protection and
Competition Act, enacting on FDI and restitution.
Democracy, rule of law and human rights included
a passing of property laws, improving the conditions for sustainable return, the establishment of
the human-rights ombudsman, the adoption of
the Law on Judicial and Prosecutorial Service in
the Federation of BiH and the Law on the Court
and the Judicial Service of the Republic of Srpska
and the establishment of the Public Broadcasting
Service. Once the roadmap essentially fulfilled,
the Feasibility study for opening negotiations on
the Stabilization and Association Agreement hat
started. The study identified 16 priority reforms,
which in practice meant adopting 41 of the new
law and the establishment of 27 new institutions.
There were no significant progress in meeting the
conditions for the signing of SAA during 2005,
2006 and 2007. In the statement to the Council
and the EU Parliament in November 2007, the European Commission concluded that in terms of the
political criteria “development in Bosnia and Herzegovina” slowed down. Complex constitutional
structure, failure of the Dayton Peace Agreement
and nationalist slogans undermined the government’s reform agenda, “according to a report by
the Commission. Political structure in Bosnia and
Herzegovina, based on the representation of collective ethnic interests substantially affected the
slowness and lack of building consensus in the
ruling group of parties Parliamentary Assembly
of Bosnia and Herzegovina on the issues of economic, social and political development of Bosnia
and Herzegovina, which has led to a lag of Bosnia and Herzegovina in meeting the conditions for
the signing of the Stabilization and Association
Agreement. [4] After the minimum reforms in the
police were implemented, the signing of the Stabilization and Association Agreement with the EU
was enabled in June 2008.
2.1. Opinion of the EU –intitutions regarding
reforms implementation in integration
process of BiH into EU
Beside the problem of building a consensus
within the ethno political elites in Bosnia and Herzegovina, complex constitutional structure itself
Volume 9 / Number 1 / 2014

aggravate the implementation of reforms in the
process of European integration. In order to accelerate the process of integration of BiH into the
European Union, the country is put on the need for
improvement and reform of the Constitution. This
requirement to consider the future constitutional
structure of BiH is contained in the conclusion
of the European Parliament of 23 October 2008
on signing of the Stabilization and Association
Agreement between the European Community
and its Member States on the one hand, and Bosnia and Herzegovina, on the other hand. [2]
In the same document, the European Parliament demands from local politicians to “recognize
the need for structural reform of the state of Bosnia and Herzegovina, noting that such a reform
can only be successful if it is based on realistic
premises (Article 32) and noting that a “greater
centralization does not mean weakening the entities, but acquisition of conditions for an efficient
administration that are in the common interest of
all citizens of Bosnia and Herzegovina.” The assessment of the dysfunctional state organization of
Bosnia and Herzegovina based on Dayton Peace
Agreement is presented in the opinion of the Venice Commission and the International Commission on the Balkans 2005. In these documents,
it is stated that “constitutional system of Bosnia
and Herzegovina is neither rational nor efficient
nor sustainable,” and that “the existing constitutional architecture of Bosnia and Herzegovina is
dysfunctional, requires a new constitutional debate and change and (...) the transition from the
current status of protectorate to sustainable selfguided process of accession to the EU. “
However, the recommendations on the necessary amendments to the Constitution were first
contained in the Report of the European Commission on the progress in Bosnia in 2009.
“The abuse of the provisions, such as the” entity voting “and the complex rules on quorums
prevents easy decision and, therefore, prevent reform and the possibility that the country makes
fast progress towards the EU. Among other things,
the problem of blockage due to the rules of the entity voting should be solved, and it is necessary to
define more precisely the regulations of the vital
national interest in the Constitution.Due to delays
in the implementation of reforms, the Parliamen119
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tary Assembly of the Council of Europe adopted
on January 25 2012 the Resolution 1855 entitled
“Functioning of democratic institutions in Bosnia
and Herzegovina.” In this Resolution are BH authorities invited to implement the European Court
of Human Rights in the case of “Sejdić-Finci”
as a first step in a comprehensive reform of the
Constitution. By adopting of this resolution, the
Parliamentary Assembly of the Council of Europe requires the implementation of “comprehensive constitutional reform that is needed to remove
the institutional straitjacket created by the Dayton
Constitution and headed towards modern, European and functional democracy in which every citizen, regardless of his or her ethnic background,
has the same rights and freedoms “(Paragraph 6,
Resolution 1855). On this way it is clearly expressed that the political pluralism in Bosnia and Herzegovina must be based on inters of the citizens
and not on the interest of the ethnic groups. In
addition, the resolution warns that if the necessary
constitutional amendments should be not adopted
before the elections 2014, BiH membership in the
Council of Europe may be at stake.
2.2. The ideas for the new EU -strategy
towards Bosnia and Herzegovina
The complexity of political consensus building
on key issues which determine the European identity of BiH and the absence of clear programmatic
platform of the governing parties to fulfill the obligations in the process of European integration,
require the change of strategy the European Union
institutions and the international community to
Bosnia and Herzegovina.
The High Representative of the international
community in BiH still has all the powers of interpretation and implementation of the Dayton Peace
Agreement, and he is asked to increase the degree
of responsibility of the coalition parties in the Parliamentary Assembly of BiH to make a responsible
approach of reforms in the process of integration of
Bosnia and Herzegovina in the European Union.
The implementation of the Dayton Peace Agreement is not historically given to cause or to lead
to new conflicts and ethnic divisions. The Dayton
Peace Agreement is there to facilitate and expedite
the process of integration of BiH accession to NATO
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and the EU, with which will cease the historic threat
to the ethnic division of BiH. Strategy of the European Union should be so set that the EU has a shared
responsibility with the parliamentary authorities in
the country to establish and implement necessary
reforms. In this sense, the OHR has the responsibility to decide on the laws situate in the Parliamentary
Assembly. On the basis of the authority of the High
Representative of the international community and
the European Union Special Representative in the
implementation of the Dayton Peace Agreement is
necessary to stop the destruction of the sovereignty
of Bosnia and Herzegovina in particular regarding
the functioning of the institutions of Bosnia and
Herzegovina. Relation between the European Union
and Bosnia and Herzegovina should be based on the
institutionalization of political negotiation and decision-making within state institutions. Discussion on
the reform of the constitution in the process of integration of Bosnia and Herzegovina to the European
Union has to be extended to a complete professional
and political debate, with the involvement of civil
society, local and international experts and taking
into consideration the reviews of the European institutions (European Commission, the European Parliament, the Venice Commission, the Parliamentary
Commission of Europe).
The international community and the European
Union in BiH have executive powers and instruments for the implementation of the Dayton Peace
Agreement. In this sense, it is necessary to raise
the capacity of the EU Delegation in Bosnia and
Herzegovina: political, institutional and human
resources and to assist in carrying out constitutional reform, with priority of implementation of
the judgment of the European Court of Human
Rights in Strasbourg and incorporation of European clauses in the Constitution of BiH. The incorporating of the European clause in the Constitution of Bosnia and Herzegovina would enable the
accelerated adoption of laws in the Parliamentary
Assembly concerning the transposition of EU law
in the process of integration into Euro-Atlantic
institutions. In establishing the new strategy of
the European Union to Bosnia should be covered
also the establishment of regional offices of the
European Union delegation to foster economic
and cultural development of cities and municipalities of Bosnia and Herzegovina, with a focus
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on: economic development, utility and transportation infrastructure, employment, education and
youth, which would facilitate operationalization
of the European Union policies and facilitate the
implementation of reforms. These offices should
be established in the major urban centers: Tuzla,
Brčko, Bijeljina and Banja Luka, Trebinje, Doboj,
Travnik, Zenica, Livno, Mostar, Sarajevo, Bihać.
On this way, the cities and municipalities could get
better opportunities for the access to pre-accession
funds of the European Union. The EU should allocate more funds for the promotion of economic development, so that citizens can be engage
in economic activities. Through construction of
new generating capacity, Bosnia and Herzegovina
would be in a natural position to contribute to the
economic prosperity of the entire region. In the
formulating of the main indicators of the new EU
-strategy to Bosnia, should also a public campaign be contained with the aim of promoting greater
European integration. Part of such public campaigns inevitably involves professionalization of the
media in terms of improving the reporting on the
activities of the institutions of the European Union
in Bosnia and point out the effects and benefits of
future membership of Bosnia and Herzegovina in
the European Union. There are several important
aspects to accelerate the integration of BiH into the
European Union. Bosnia and Herzegovina is in a
phase of fulfilling conditions for candidate status.
Due to the still non-consolidated parliamentary
democracy, due to the nationalist policies of some
parliamentary parties, Bosnia and Herzegovina
can not achieve or even continue its acceleration in
the European integration process without the geopolitical engagement of the EU institutions and
the International community. The most important
changes in the strategy are the following elements:
– EU institutions are engaged in terms of
influence and they give their contributions
for achieving the consensus between the
parties which form a parliamentary majority
in carrying out reforms and to introduce
legislation in the Parliament of Bosnia and
Herzegovina;
– The EU Special Representative in Bosnia
and Herzegovina provides a technical and
political coordination of state institutions in
the process of reform legislation adopting;
Volume 9 / Number 1 / 2014

– The EU Special Representative informs the
European Parliament and the Commission
of the European Union about the integration
progress;
– The Special Representative of the EU
proposes measures and sanctions to the
European Commission and the European
Parliament against political parties and their
leaders who obstruct the work of institutions
of the State, or who are obstructing the
Dayton Peace Agreement and the European
integration process.
3. Conclusion
Bosnia and Herzegovina has a national existence in the middle Ages. Onslaught of the Ottoman
Empire in the Balkans in the fourteenth and fifteenth centuries, Bosnia and Herzegovina 1463
loses its medieval state independence. Four centuries of Ottoman government influenced the change in the confessional structure of the population.
During the sixteenth and seventeenth century, a
substantial part of the Bosnian population shifted
to the Islamic religion. Thus Bosnia and Herzegovina is a unique country in Europe for its multiconfessional and multiethnic structure. During the
long period of Ottoman governance over Bosnia
and Herzegovina the economic, infrastructural
and culturally development of the country was regressed, especially compared to the existing European countries. Austro-Hungarian administration
brings BiH economic and infrastructural improvement. The period of Austro-Hungarian administration over Bosnia and Herzegovina, although it
was invading by its form, marked the beginning of
Bosnian Europeanization.
From the First to the Second World War, Bosnia
and Herzegovina exists in the Kingdom of Yugoslavia. There was no progress in the economic and
cultural development of Bosnia and Herzegovina. In
the socialist Yugoslav federation, the citizens of Bosnia and Herzegovina decide for themselves about
their economic and cultural development, after five
centuries. They build new factories, roads, schools
and universities. With its population of one million
employees and a large number of export enterprises, Bosnia and Herzegovina, as a stable political
community, enters in the dissolution of Yugoslavia
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1991. In peace and in a democratic manner, Bosnia
and Herzegovina implemented political pluralization and the first multiparty elections in 1990, the
referendum of the citizens and the development of
an independent and sovereign state 1992. The fall
of the Berlin Wall, the collapse of the socialist regimes in Eastern Europe, leads to the epochal changes
and the emergence of a new world order. The will
of the citizens of Bosnia and Herzegovina, on the
basis of expression referendum, to live in peace and
sovereign and independent Bosnia and Herzegovina
stop the nationalist plans of Slobodan Milosevic and
Radovan Karadzic to establish a Greater Serbia.
With the support of the international community the war was stopped and the peace was achieved as political solution in the form of the Dayton
Peace Agreement from 1995. The supreme power
of interpretation of DPA is the international High
Representative (OHR).
The sustainability of Bosnia and Herzegovina
is a geopolitical tied to the achievement of BiH
membership in Euro-Atlantic institutions:
– Council of Europe,
– European union,
– NATO.
Most institutions of the European Union: European Parliament, Council of the European Union
and the EU Commission, and the international community have the authority under the Dayton Peace
Agreement to participate in the progress of BiH integration into the European Union through the engagement of the Special Representative of the European Union, followed by the European Commission
Delegation to BiH and over engaged ambassadors
of the European Union in Bosnia and Herzegovina.
Until the parliamentary elections 2006, Bosnia and
Herzegovina had made progress in bringing reforms
on the road to EU membership. Since 2008, after
the signing of the Stabilization and Association
Agreement with the EU, Bosnia and Herzegovina
has a contractual relationship with the European
Union. After the parliamentary elections of 2010,
more than a year is lost to the formation of the
Council of Ministers of Bosnia and Herzegovina.
As the main question in post Dayton political and
economic development occurs the ACCELERATION OF INTEGRATION OF BiH into the EU
and NATO membership. Achieving membership in
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the EU and NATO is the question of geostrategic
and geopolitical importance for peace, peace in the
Western Balkans and peace in Europe. In this historical context, it is important to define a few assumptions that allow accelerating the integration
of Bosnia and Herzegovina to the European Union.
The first assumption is a change of strategy in the
exercise of its geopolitical role of the EU in strengthening the peace in Bosnia and Herzegovina for the
process of its integration into the EU. Another is to
change the relationship of the EU institutions: the
European Parliament, the EU Council and the European Commission to the authorities of Bosnia
and Herzegovina and their eligibility for admission
to the EU membership. The European Union can
not treat in the same way Bosnia and Herzegovina,
Serbia, Montenegro, Macedonia and Albania. Performing reform in Bosnia and Herzegovina, which
includes the European integration process, requires
the existence of a common agenda for adoption of
laws between the BiH Parliament and the EU Special Representative. This further implies technical
and operational coordination between the European
Union Special Representative in Bosnia and parliamentary and executive authorities of Bosnia and
Herzegovina. The third requirement is contained in
a larger geopolitical responsibilities of EU institutions to contribute to the reform of the constitution
and the establishment of European democratic standards in the organization and functioning of the BiH
state. Also, the EU institutions have great power and
responsibility to accelerate the development of BiH
and particularly through the development of municipalities and cities from the EU structural funds.
The fourth assumption is the responsibility and
the OHR and EU Special Representative to the reforms of the party system and that he is from the
ethnic pluralism, which produces nationalism and
the blockade of the Parliament of Bosnia and Herzegovina, is transformed into an interest-civic pluralism. The fifth requirement is contained in the
application of measures of responsibility, jointly
by the OHR and the Special Representative, the
political forces that advocate the destruction and
disappearance of the state and has thus endangering peace, the implementation of the Dayton
Peace Agreement and the flow of EU integration.
The sixth assumption in making strategic geopolitical decision to Bosnia and Herzegovina, in the
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interests of peace under the Dayton Peace Agreement to introduce a member of NATO by 2014,
in fact up to 100 anniversary of the Sarajevo assassination and the beginning of World War II.
Inclusion of Bosnia and Herzegovina into NATO
would create a geopolitical basis for the accelerated implementation of economic and political
reforms based on international historical project
Integration into the European Union. This would
eliminate all the dangers of ethnic division and
new conflicts in Bosnia and Herzegovina and to
ensure the development of the state of Bosnia
and Herzegovina within the European Union as a
community of democratic states.
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Abstract
Increase of the number of students and reduction
of the state funding influence on the management of
higher education institutions. That is why strategic
management is widely used by German universities. Development plan of the university and agreement on objectives are instruments of the strategic
management aimed to define the strategic goals
and measures for their achievement. The current
research analyses the particularities of legal basis
for the strategic management and planning of the
German universities, development plans and agreements on objectives of the universities.
The strategic plans of 42 universities were analyzed according to such questions as the process
of formation of the plan, its structure, the fields of
activities in which strategic goals are defined and
their connection with the mission statement, the
planning of the implementation of the strategy. The
results indicate that the strategic management of the
German universities is based on the cooperation between university and authority of the federal state
which is responsible for the higher education. The
development of the strategic plans involves a lot of
participants from the university staff. This process
is aimed at creating transparency in the management of higher education institution.
Key words: strategic planning, strategic management, mission statement, structure and- development plan, agreement on objectives.
1. Introduction
Increasing complexity of social structure, globalization, technological competition and demographical development produce high demands to
education, research and development of the university. Universities are defined as places of knowledge enhancement, intellectual and cultural debate
124

that is why they must develop and maintain high
quality, support the development of student identities, and prepare students for their working lives.
Higher education institutions connect research,
education and innovation and they have to be competitive worldwide, provide research and teaching
on a high level. Universities in Germany like in
many other countries are facing challenges: finance
from the public purse is declining but the number
of students continues to rise. That’s why strategic
management and strategic planning are widely used
by higher education institutions in Germany.
The process of the strategic management at the
German higher education institution involves the
establishment of the development plan of the university and agreements on objectives between university and authority of the federal state responsible for the higher education.
Development plan is an instrument of strategic
management which documents the strategic planning of the university. Development plan must
be developed in accordance with the Law for the
Universities of the Federal State, agreements on
objectives between university and the authority of
the federal state which is responsible for the higher education.
The model of strategic planning the result of
which is the development plan of the university
consists of the three stages. The starting point is
the strategic analysis, during which the changes
in the environment of the organization, external
requirements and internal potential of the university are compared. On the basis of the analysis the
strategy and long-term goals are developed and
actions are planned to successfully implement the
strategy. These stages belong to the area of strategic planning [3].
Before creating a development plan the administration of the university must clearly define
Volume 9 / Number 1 / 2014
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the role and functions of this document in management of higher education institution. Besides
the clear project management controls the timing
and content risks of the process. University development plan should be a part of the collection of
management tools such as agreements on objectives with the federal state (Zielvereinbarungen),
frame contracts (Rahmenkontrakte), internal
agreements on objectives and budgeting [1].
Development plan is a strategic instrument
which helps to define goals and achievements of
the organization [2]. Most of the strategic plans
describe three hierarchical level goals which must
be achieved. On the highest level there is an area
of normative management which concerns the
statements about long-term social benefits which
university promotes (Vision, Mission) and values.
In area of strategic management the middle level
describes the middle and long-term strategies and
goals the achievement of which provides the fulfillment of normative goals. The lowest level is
operational management which includes the concrete measures (projects) which must be implemented during the five- or ten-year period which
is stated in strategic plan to implement the strategy. A strategic plan must include performance and
output goals. On the level of operational management must be created the product. There are different performance areas beside the hierarchy of
the levels of the goals [3]. University is a knowledge organization which functions in society and
through research creates new knowledge that is
why through teaching and research university
must satisfy the needs of the internal and external
customers which define the structure of the strategic plan. Modern universities are entrepreneurial
organizations and depend on their management
that is why the strategic plan is so important.
Zechlin (2007) defines the following structure of
the strategic plan [3].
1. Mission statement of the university,
normative goals.
2. Research ( a. Background; b. Strategic
goals; c. Projects and operational goals)
3. Promotion of young researchers.
4. Learning and teaching (a-c)
5. Budget strategy (a-c)
6. Infrastructure (a-c)
Volume 9 / Number 1 / 2014

According to the Laws for the Universities of
the Federal States it is compulsory for German
university to draw up the development plans. The
strategic management of the university also involves the development of the agreements on objectives and performance between university and
the federal Ministry. Agreements on objectives are
estimated as an instrument of the contract management and management by objectives. In Germany
the New Public Management involves the use of
these methods and estimates them as a component
of the New Management Model. The legal basis
for the development of agreements on objectives
are defined at the Framework Act for Higher Education (Hochschulrahmengesetz) [47] from the
1998. The first agreement between university and
Ministry was adopted in 1997 and since that time
it has become wide spread in Germany.
2. The Purpose of Research
The purpose of this research is to point out the
importance of the strategic management of the
universities. The research is aimed to distinguish
the characteristics of the strategic management of
German higher education institutions on the basis
of the analysis of the legal basis and development
plans of the universities. The research is aimed to
identify the characteristics of the process of formation of the development plans which includes
the analysis of the participants of this process
and those who are responsible for the setting and
implementation of the strategy plan and to find
out the standard structure of the plan and a period
of planning which is the most preferable for the
implementation of the strategy. The results of the
research can be used by those universities who
don’t have experience in formation of development plans but they are trying to implement this
instrument of strategic management.
3. Research Methods
The object of research is the Laws for the Universities of the Federal States and development
plans of 42 German higher education institutions.
The selection was made only from those universities whose development plans are publicly available. In the research were analyzed the statements
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of the Laws for the Universities of the Federal States
which form the legal basis for the strategic management of higher education institutions in Germany.
The methodology applied in this study is content analysis method of development plans and
Laws for the Universities of the Federal States.
4. Research Results
Germany is a federal republic which consists
of the 16 federal states. There is a Federal Act of
high education Framework Act for Higher Education (Hochschulrahmengesetz) [47] formulated in
1999 and on its basis every federal state has its
own Law for the Universities of the Federal State.
According to the Framework Act for Higher Education the activity of the university is based on the
Law for the Universities of the Federal State. The
Framework Act for Higher Education defines the
following general goals of the higher education institution: the development of the science through
research, learning, teaching and continuing education, preparation of the students to the professional
activity, promotion of young researchers and development of the personnel, social responsibilities of the university, international cooperation,
knowledge and technology transfer, informing the
public about the performance of their duties. The
Framework Act for Higher Education claims the
equal rights between men and women.
The Laws for the Universities of the Federal
States also declare the goals of the higher education institutions with little variations but all of
them declare practical orientation of the education,
equal rights, continuing education, promotion of
young researchers, development of the personnel, family-friendly, international and European
cooperation, knowledge transfer, communication
with alumni, informing the public about the performance of their duties, quality of education and
research. Besides the most part of the Laws for the
Universities of the Federal States contains paragraphs which concern the planning of the university and agreements on objectives between higher
education institute and federal state.
The Laws for the Universities of the Federal
States of such states as Baden-Württemberg, Bavaria, Brandenburg, Bremen, Saarland, SaxonyAnhalt, Schleswig-Holstein [46] define the fields
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of activity which must be present at the development plan. In other cases higher education institutions base their planning activity on the goals of the
higher education institutions which are defined in
The Laws for the Universities of the Federal States.
In general fields of activity coincide with the objectives of the higher education institutions but
there can be exceptions, for example the Laws of
the Federal States Brandenburg, Bremen, Saarland,
Schleswig-Holstein [46] assert that the development plan must contain information about the financial funding, resources or external funding. The
Laws for the Universities of the Federal States also
define the length of the period of planning for which
university establishes a development plan.
Table 1. The length of the period of planning defined in the Laws for the Universities of the Federal
States
The length of the period
4 years
5 years
The length is unstated
Total

Frequency Percentage
2
12.5
4
15
10
62.5
16
100

The Laws for the Universities of the Federal
States define the aim of the development plans of
the universities. The laws of such federal states as
Baden-Württemberg, Bavaria, Branmdenburg, Saxony, Saxony-Anhalt, Schleswig-Holstein, Mecklenburg-Vorpommern [46] claim that development
plan must be a result of co-operation between ministry which is responsible for higher education.
For example, according to the Law for the Universities of the Federal State Bavaria planning
of the development of the university is a shared
responsibility of the state and university and it is
used to ensure a nationally coordinated range of
higher education institutions and study programs.
The Laws for the Universities of the Federal States
also contain information about agreement on objectives and the connections between them and
development plan of the university. In Bavaria,
Branderburg, Schleswig-Holstein [46] agreement
on objectives is the basis for the development plan
of the university. Development plan is understood
as a way to detail the agreement of objectives. In
Bremen, Mecklenburg-Vorpommern, Lower Saxony, Saarland, Saxony, Thüringia, Hessen [46] the
agreement on objective must be established on
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the basis of the development plan of the university. The agreement on objectives is formulated to
achieve the goals which are defined in the development plan.
The diversity can be traced in the statements
which define the period for which agreements on
objectives must be developed. The period for which
university and ministry of the federal state make an
agreement on objectives can range from one to five
years: Bremen (for 4 years but revised every two
years), Hamburg (every year), Saarland (for two
years), Schleswig-Holstein (for 5 years but revised
every 2.5 years), Thuringia (for 4 years).
The analysis of the 42 development plans of the
universities determined that the total amount of the
development plans one is titled «Strategy concept»
(Strategiekonzept) – 2%, 29 % – «Structure and
development plan» and 69% – «Development plan
of the university» (Hochschulentwicklungsplan) or
«Development plan» (Entwicklungsplan). The title
of the plan depends on how it is defined by the Laws
for the Universities of the Federal State but the title
doesn’t influence on the content of the document
and there are no differences in the content of the
plans under these two titles.
The size of the development plans range from
15 to 175 pages. 19% of the development plans
have 15-26 pages, 24% from 30 to 49 pages and
15% from 50 to 67 pages, 21% from 72 to 93, 14%
from 100 to 117 and 7% from 140 to 175.
Table 2. Characteristics of the size of the development plans
Size
Frequency
Percentage
15-26 pages
8
19
30-49 pages
10
24
50-67 pages
6
15
72-93 pages
9
21
100-117 pages
6
14
140-175 pages
3
7
Total
42
100
For the 5% of the universities the present plan
is the third which they developed and for 24% the second and for 22% - the first others 49% don’t
state the number of the development plans.
Most of the plans are structured according to
the fields of activities. 95% of the plans have an
introduction which describes the purpose of the
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plan and the process of development of the university, general information like background of
the university, the changes in the management of
the university which are connected with the challenges of the environment. Introduction can be in
a form of a summary of the development plan.
Table 3. The number of the development plan
The number of the plan Frequency
First
9
Second
10
Third
2
Information isn’t stated
21
Total
42

Percentage
22
24
5
49
100

The purpose of the strategic plan is defined in
introduction. According to the Laws for Universities of the Federal States the goal of the development plan is to provide regular orientation about
future issues to create a profile of the university.
Education with orientation on future and practice,
research, continuing education and technology
transfer contribute to the success of the university
and fulfillment of its social and economical objectives which benefit to the society.
Development plans assert that they must help
universities to move closer to its goal of becoming clearly structured, high-profile universities.
The strategic plan of the University Hannover [7]
asserts that the university developed strategic plan
is used for the following purposes: preparation of
the operational goals in agreements on objectives
between faculties and Presidium of the university;
negotiation of the agreements on objectives with
the Ministry of Science and Culture. The development plan of the University Köln [17] asserts that’s
defined strategic goals and guidelines allow actual
detailed planning and implementation on the faculties and all members of the university must respect
the guidelines of the development plan.
The 48% (20) of the plans in the introduction
contain information about the description of the
process of formation of the plan. According to this
information 7% of the universities state that the
process of development of the plan took from 4 to
6 months, 14% - from one year to one and a half
and 2% - one year and nine months. 38% of the
plans describe the process of formation of the plan
which involves discussions and consultations in
which participate Presidium (Präsidium), Universi127
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ty Council (Hochschulrat) and representatives from
the faculties and departments, quality management
team. These discussions concern such questions
as education, research and resources and all other
fields of activity presented in the development plan.
The management body which approves the development plan is stated in 52% of the development
plans. 24% of the plans are approved by the Senate, 14% by Senate and University Council (Hochschulrat), by 2 % by Presidium (Prasidium), 5% by
Senate and Presidium, 2% by Senate, University
Council and Presidium, 5% by University Council.
The management body of the university which
approves the development plan is stated in the
Laws for the Universities of the Federal State, for
example according to Laws for the Universities of
the Federal State Bavaria the development plan of
the university must be approved by the University
Council (Hochshculrat) [46].
The length of period of planning is stated not
on the all titles of the plans. Among the whole
sample 41% of the plans are for a five years, 10%
for 10 and 10% for 8 years, 7% for 6 and 7% for
3 years, 5 % for 4 years and 21% has unstated period of planning. The most widespread period is
five years. Plans with a period of planning 8-10
years contain goals and measures for short period
(five years) and long period.
Table 4. The length of the period of planning of
the development plan
The length of the period Frequency Percentage
Three years
3
7
Four years
2
5
Five years
17
41
Six years
3
7
Eight years
4
10
Ten years
4
10
The period of planning is
9
21
unstated
Total
42
100

The analysis of the goals of all development
plans proves that they are defined on the basis of
mission statement and the strategy process is oriented on the mission statement. The 47% of the
development plans contain mission statements
others have mission statement on the university
sites. In most cases a mission statement was defined one or two years before the development
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plan. The strategy concept translates the content of
the mission statement into specific strategic goals
and does so within an action framework with different perspectives.
The development plans can contain separate
strategic goals or central fields of activity or strategic directions which include from one to five strategic goals or divided into strategic sub-directions
which also contain strategic goals. 19% of the development plans contain separate strategic goals
which range from 2 to 13 and 81% of the development plans include strategic directions. All development plans include such strategic areas as academic area (learning and education) and research.
The number of the strategic fields of activities is
from 2 to 12, 24 % of the development plans have
from 2 to 4 such strategic c directions, 28% from
5 to 7, 22% from 8 to 10 and 7% from 10 to 12.
Table 5. The definition of strategic goals and strategic fields of activities in development plans
Frequency Percentage
Plans that contain separate
strategic goals
Plans in which strategic
goals are defined in
strategic fields of activities
Total

8

19

34

81

42

100

Among the whole sample of universities 14
higher education institutions define themselves as
family-friendly. Family-friendly universities claim
that they give opportunities to the staff and students
with children to make family and career compatible. The sites of the universities contain the sign
that they have the certificate of the family-friendly
university which is the result of the audit. The audit
is done by Beruf&Familie GmbH every three years
and university must be recertified. Career and family audit is understood as a strategic management
instrument for better compatibility of the work and
family. The family and career audit helps the university to implement a sustainable human resources
policy. For example University Bamberg after receiving the certificate organized a project group the
purpose of which is to improve the family friendliness of the university. The project group develops
and implements different measures.
The plans of faculties are comprised be the
50% of the development plans of the universities.
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The goals of the development plans of the faculties concern the same areas as the goals of the development plan of the university – research, education, promotion of young scientists and equality.
The process of approved of the plans of the faculties is also rather long and includes discussions
in different committees and at the faculty conferences. For example, the faculty strategic plans of
the University Hannover were discussed twice
among the representatives of the faculties and Presidium. The faculties revised the plans during the
discussions which were organized at the faculty.
Strategic goals and development lines of the development plans of the faculties are relevant for
the university strategy concept in general.
Development plans of the faculties can be formulated in different ways. Some universities develop the plan of the university and plans of the
faculties at the same time, for example University
Hamburg [5]. Plans of the faculties also can be
adopted as separate document even early then the
development plan of the university, for example,
the faculty plans of the Georg-August University
Gottingen [6] were submitted earlier then the development plan of the university. Faculties of the
University Saarland [8], University Köln [17],
University Kaasel [11] and Hochschule Essling
[13] developed their plans on the basis of the strategy plan of the university.
Implementation is provided on the basis of internal agreements on objectives between management of the university and faculties. 62% of the
plans contain the description of the projects and
measures which concern the process of the implementation, 10% - indicators.
Among the whole sample 52% (22) development plans of the universities contain information
about financial recourses, financial planning or
budget. It’s a rather high percentage of the universities because not all Laws for the Universities of
the Federal States demand the presence of such
kind of information.
The description of measures and planning of finance ensures transparency in reviewing achievements of the development plan.
Two of the universities 5% while developing
the plans were consulted by the same international
organization which helps with sustainable performance enhancement and provides services for
Volume 9 / Number 1 / 2014

Corporate Performance Management and Performance Optimization – Horvath&Partners [4, 26].
Table 6. Planning of the implementation of the
strategic goals
Frequency Percentage
Plans that contain the
description of the projects
and measures
Plans that don’t contain the
description of the projects
and measures
Total

21

50

21

50

42

100

Johannes Gutenberg-University Mainz [4]
developed a Balanced Scorecard and University
of Applied Science Münster (Fachhochschule
Münster) [15] – Academic Scorecard. Academic
Scorecard represents an option of the Balanced
Scorecard developed according to the needs of the
higher education institution. This method is used
to make a specification of the strategic goals. The
classical approach on the basis of financial goals
proposes three perspectives: clients, internal processes and employees. It explains that the success
of any enterprise depends on the satisfaction of the
clients which is connected to the quality of the internal processes and motivation and qualification
of the personnel. University of Applied Science
Münster for the Academic Scorecard chose the
following perspectives: education, research, resources. The most attention is paid to the financial
perspective which is suggested in the Academic
Scorecard as perspective of resources, personnel, infrastructure and management. Academic
Scorecard is also focused on the faculties and it
must prove that all the strategic goals are developed in connection with the mission statement
and the principles of the university and that the
goals of the structural units of the university are
compatible with each other and with the goals of
the management of the university. The Academic
Scorecard of the university and the Scorecards of
its structural units contains measures which allow
the achievement of the strategic goals.
Among the whole sample 18 universities have
publicly available agreements on objectives. The
agreements on objectives range in size from 13 to
22 pages and contain information about goals of
the university and university budget.
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6. Discussion
The strategic management and planning in
German universities is a process based on the
statements of the Laws for the Universities of the
Federal States and involves cooperation between
university and federal state on the basis of the
agreements on objectives and development plans.
The results of the analysis show that the development plans of the universities are formulated on
the basis of the Laws for the Universities of the
Federal State which differ in the statements which
concern the length of the period for which the university formulates the plan, the fields of activity
because not all federal laws demand to include the
financial planning into the plan. The differences
are traced in sequence of the establishment of the
development plan of the university and agreements on objectives.
Some federal states consider that at first must be
developed the development plan of the university
and then on its basis the agreement of objective,
others federal states adhere to the opposite opinion. They choose that way which is most suitable
for them because development plan is very serious
document connected to the funding of the university and the agreement on objectives is the basis for
the establishment of the budget of the university.
As the function of the agreement on objective
is to provide the basis for the budget they compulsory contain information about the number of the
students on different study courses and information about the projects which university wants to
implement and amount of the funding.
First of all the agreement on objective is the basis for the formation of the budget of the university
because contains information about the allocation
of the funding. Agreements on objectives and performance are considered an instrument of strategic
management which involves cooperation between
university and authority of the federal state which is
responsible for the higher education. It is compulsory for agreements on objectives to comprise the
number of the students. Other fields of activity can
range according to the Laws for the Universities of
the Federal States. The purpose of the agreement on
objectives is to specify the quantities, dates and processes for achievement of the strategic goals of the
university. It is also aimed to specify the legal and
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political guidelines of the mission statement and the
goals of the development plan. The establishment of
the budget is done on the basis of performance indicators. The Laws for the Universities of the Federal
States contain the requirements to the agreements
on objectives. For example the Law of the Federal
State Bremen states that the agreement on objective
is the basis for the allocation of financial recourse
on the basis of the performance oriented criteria. It
a way to ensure the quality in such fields of activity
as study, continuing education, research, knowledge
transfer, equal rights, internationalization, development of the region, development of the university
structure, quality management. If the universityin
the Federal State Bremen doesn’t fulfill the goals it
can receive less finance [46]. The Law for the Universities of the Federal State Lower Saxony [46]
asserts that agreement on objective must contain
the number of the study places, measures aimed
at the fulfillment by the university the goals which
are stated as the goals of the university in the Law,
quality assurance of the education, profile education and internationalization, the amount of the fee.
The differences in the statements of the Laws
for the Universities of the Federal States mean that
the development plans also will differ in size, period of planning, fields of activity. The Laws for
the Universities of the Federal States don’t contain
statements about the size and the form or structure
of the plans. There is no standard form for the development plan that is why the size of them ranges
from 15 to 175 pages. The plans which are larger
in size include detailed description of the goals
and measures, development plans of the faculties
and appendixes (agreements on objectives).
The diversity is traced in the dates since which
universities have begun to draw up development
plans. Those plans which are the second and the
third that universities have developed contain the
analysis and the evaluation of the results of the
previous plans. It means that 31 % of the universities have an experience in developing a strategic
plan and can improve the process of its development on the basis of evaluation the results of the
previous plan. The dates of the establishment of
the plans range from 2003 to 2013. The results of
the analysis prove that German universities which
participate in the study have begun to set up development plans since 2002-2003. But 10% of
Volume 9 / Number 1 / 2014
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the whole universities have the first development
plans dated 2010-2012. It means that for those
universities the process of formulation of strategic documentation is rather new in comparison
with the higher education institutions which have
begun to draw up development plans since 20022003 and now have the second or the third plan of
the strategy. The development plans which are the
second for the universities dated 2007-2013.
The results of the analysis of the period for
which university draw up plans proves that the
most preferable period is five years. Some universities connect the period for which they plan
with agreements on objectives, for example Ruhr
University Bochum choose the period 2011-2013
because for this time it will make an agreement on
objectives with the authority of the federal state
which is responsible for higher education.
In most cases universities state that the purpose
of the development plan is to present the strategy
concept of the university which provides basic
orientation. Participation of Presidium, University Council and Senate in the process of development of the strategy of the university means that
all the management of the university must initiate
the process of the formulation of the development
plan. Management of the university is responsible
for this process and it proves the importance of the
development plan. Open discussion of the strategy
of the university on the site of the university suggests participation of the stakeholders of the university like the staff and the students in this process. Participating in the discussion devoted to the
formulation of the development plan members of
the university consider that their opinion is important for the management of the university and at
the same time the administration can find out a lot
of interesting information from those who implement the strategy. Open on-line discussion makes
the process of development of the strategy plan
transparent and benefits to the communication between management bodies of the university and
representatives of the staff and students. Most of
the plans were discussed and modified by numerous committees and at faculty conferences.
The length of the process of development
of strategic plans of the universities varies from
four months to one year and nine months proves
that it is rather difficult and time-consuming proVolume 9 / Number 1 / 2014

cess which involves the participation of different
groups of stakeholders of the university and their
point of must be taken into account.
In most cases the length of the period of planning and the content of the development plan is
based on the statements of the Laws for Universities of the Federal State. According to Law for
Universities of the Federal States Saarland and
Thuringia a development plan must be formed
every four years in agreement with Development
plan for universities of the federal state (Hochschulentwicklungsplanung des Landes). The planning must concern staff, resources, establishment
or cancelation of study courses, faculties and research institutions, research areas, knowledge and
technology transfer, measures aimed at quality and
promotion of young researchers [46]. Agreements
on objectives between university and Ministry of
Education, Culture and Science are revised every
two years and are formed on the basis of the Law
for Universities of the Federal State and development plan of the university.
It is rather interesting how the Laws define the
purpose of the development plan of the university. The Law of for the Universities of the Federal
State Bavaria asserts that planning is a common
task for federal state and university and must ensure the regionally coordinated range of the study
programs and must take into account the interests
of the federal state [46].
The goals of the development plans are defined
on the basis of the goals of the universities which
are formulated in all the Laws for Universities of
the Federal State.
According to the Law for Universities of the
Federal State Baden-Württemberg, MecklenburgVorpommern, Schleswig-Holstein and Brandenburg structure and development plan must be for
five years [46].
In federal state Schleswig-Holstein development plan of the university must be focused on
learning and teaching, structural, personnel and
financial development and equal rights of genders.
The strategic fields of activities are defined in
the Laws for the Universities of the Federal States
and they are clear and understandable that is why
the task of the management of the university to
develop the measures in these fields of activity
which will be financed by the federal state.
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The strategic directions which are stated in development plans of the universities are very similar and concern such fields of activity as learning
and teaching, research, promotion of young researchers, knowledge and technology transfer, academic continuing education, internationalization,
personnel development, equal opportunities, management of higher education institute, position in
the region and on the market of higher education
institutions, infrastructure, organization and structure development.
The similarity of the strategic directions of the
development plans of the universities can be explained by the fact that most of the fields of activity are defined according to the statements of the
Laws for the Universities of the Federal States.
Law for Universities of the Federal State
Sachsen-Anhalt asserts that the basis for the development plan of the university is the Structure plan
for the Universities of the Federal State (Hochschulstructurplan fur das Land) which defines the
objectives of the universities [46].
Law for Universities of the Federal State
Baden-Württemberg states that the structure and
development plan must contain information about
professional, structural, personnel, constructional
and financial development and it must pay attention to the women-researchers and development
of the region and provision of all necessary facilities. The structure and development plan must be
approved by the Ministry of Science § 7 [46].
Most of the universities try to develop strategy without consultation of specialized organizations but two of them (Technical University Kaiserslautern and Johannes Gutenberg-University
Mainz) were consulted by Horvath&Partners. For
the second the consultation company used a Balanced Scorecard approach with the help of which
the strategy concept translates the content of the
mission statement into specific strategic goals and
does so within an action framework with different perspectives. Besides University of Applied
Science Münster (Fachhochschule Münster) developed an Academic Scorecard. If in Balanced
Scorecard the most important is the financial prospective for Academic Scorecard the prospective
of effective use of resources are important such
as personnel, infrastructure and management. It is
the scorecard of the whole university and score132

cards of the faculties. It is focused on formation
of such goals which can be implemented through
measures.
7. Conclusion
The strategic management of the university in
Germany is based on the Law for the Universities
of the Federal State which provides the guidelines
for the definition of the strategic goals of the university. The strategic management of the university in Germany involves cooperation between the
university and the authority of the federal state
responsible for the higher education and suggests
the formulation of the development plan of the
university and agreements on objectives. These
documents contribute to the transparency of the
management of the higher education institution
and provide the basis to the allocation of the funding according to the performance criteria.
As the general goals of the university are defined in the Laws for the Universities of the Federal Sates the task of the university is to develop
on their basis strategic goals and measures. The
results of the research prove that formation of the
development plan is rather long process which
is based on cooperation of representatives of the
management and staff of the university.
There are differences in the size and structure
of the development plans because they are drawn
up on the basis of the statements of the Laws for
the Universities of the Federal State which also
differ. Despite these differences all the development plans are aimed at achievement of the similar goals in the same strategic fields of activity.
There is no standard form of the plan which can be
traced in all the samples of the development plans.
Development plan is an inseparable part of the
quality management system in context of the accreditation system and management of the university that is why the plans create transparency in
the management of higher education. The broad
participation in the process of formulation of the
development plan contributes to the wider autonomy of the university and its effective use.
In most cases the process of development of the
strategic plan is open and includes a great amount
of participants such as representatives from faculties, University Council, Presidium and Senate.
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The staff of the university who implements the
development plan better understands the strategic
goals of the university and can significantly contribute to the implementation of the strategy and
achievement of the goals. The process of development of the strategic plan involves communication between management of the university and
representatives of the faculties which strengthens
the motivation of the staff for the implementation
of the strategy because they feel close connections with the university and responsibility for its
development. Participation of the representatives
of the faculties in discussions which concern the
development plan shows the importance of their
opinion to the management of the university and
contributes to better understanding of the strategy
of the university by the staff. The management of
the university considers the members of the universities like their partners because it is the staff
who must implement the developed strategy.
The analysis indicates that not all plans contain
detailed description of the measures, projects and
financial planning. The fields of activity present
at the agreement on objective coincide with those
which are present at the development plan but the
agreements of objectives aimed at the goals not
measures of the university performance and contain information about finance.
According to the results of the research the
most preferable period of planning is five years
because it is easily to plan the finance for this period of time then for a longer period. The Laws for
the Universities of the Federal States Thuringia (4
years), Schleswig-Holstein (5 years) demand to
formulate the development plan and agreements
on objectives for the same period of time which
makes easy to plan finance and to trace the results.
But in most cases agreements on objectives are
work out for one or two years. That gives the ministry opportunity have the instrument of control
on the performance of the university and change
funding according to the criteria of performance.
The main characteristics of the strategic management of German universities which use such
instruments as development plans and agreements
on objectives are transparency and allocation of
the finance on the performance criteria.
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Strategic value of the partnership for
organizational learning
Lidija Stefanovska, Viktor Mitrevski,
BAS Institute of management Bitola, Bitola, R Macedonia.

Abstract
The world literature often describes an organization that learns, as an organization that encourages
the sharing of knowledge, practices and information
among employees in a separate organization, thereby creating more educated workforce and organizational culture that fosters organizational core values.
But what about sharing experiences to a higher level, i.e. between organizations? Is the growing base
of knowledge and experience to be shared between
organizations working in the same competitive environment? In this direction the project “Partnership
for organizational learning” (POL) is organized as
a contribution to the consortium Detra Center and
Business Academy Smilevski for development of
staff who deals with human resources and as an incentive for development of the capacity for organizational learning in the organizations of R. Macedonia, thereby solving the nebulosity created by the
existing mental models, which refers to the sharing
of knowledge between organizations. It is precisely
what the main objective of the paper is based on, to
show the benefits of the project discussed in terms of
their long-term and strategic value.
Key words: organizational learning, partnership for organizational learning, strategic value.
Introduction
Today organizations operate and survive in
conditions of significant changes in the environment which impose new needs for functioning of
organizations. Often, when formulating organizational strategies, management teams conclude that
only the unpredictability of the environment can
be predicted. In this ruthless competition ring, the
sole way for competition between organizations is
the knowledge of employees and multidimensional experience that encourages synergy between
theory and practice.
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In most of the literature, the organization that
learns is defined as “an organization that encourages learning and the exchange of information
among employees, thereby creating a flexible organization where people accept and apply new
ideas through a shared vision” [1].
Many times researchers of organizational
learning put it in close correlation with sustainable organizational competitiveness, emphasizing
the organizational learning as an important but
complex resource which can create competitive
advantage in dynamic and turbulent environment
[2]. This is supported by the claim by Dickson [3]
according to which the ability to learn faster than
the competition is a unique resource for sustainable organizational competitiveness.
Learning in single and dual round (learning
why and learning how) according to one of the basic classifications of organizational learning [4] or
the overall orientation of the organization towards
learning entails knowledge creation and cultivation throughout all levels of the organization [5].
1. Project POL
Partnership for Organizational Learning (POL)
as a project is to be implemented by organizations
from the Pelagonia, Strumica and Skopje region.
The aim is to encourage and support organizational learning, raising awareness of the benefits
of practicing organizational learning by increasing
the intellectual capital of the organization, as well
as basic business networking of the participants.
Learning and sharing of experiences among and
in organizations should be shared and used across
organizational changes, which are a reaction to
changes in the environment. Partnership organizational learning allows creation of the conditions
for the exchange of information among employees
of different organizations, thereby creating more
educated workforce. It is very necessary because
Volume 9 / Number 1 / 2014
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the rapid learning and creating new values for the
organization mean rapid adjustment in variable
environments. With the partnership for organizational learning organizations strengthen their abilities, new forms of thinking are nurtured and developed, successful practices are shared, weaknesses
of individual organizations are identified and effective solutions are found. The organization that
learns continuously develops its ability to create
the future. Thus a “bank of intellectual capital” is
created, and any organization that is part of POL
has access to the “bank” and can use the practices
of other partner organizations to learn from.
2. Model of practice and support of the
organizational learning (OL)
The way to encourage and support OL in partnership organizations (PO) is based on the model
of three cycle learning proposed and practiced by
British author Bob Garrett [6]. The model includes:
– Learning at the operational level (operational
learning);
– Learning at the strategic level (strategic
learning);
– Learning at the level of business policy
(political or anticipatory learning).
The integrative role of the strategic level is essential for the functioning of the POL project. Basically the acceptance and practice of the concept
of OL at the strategic level, forms the core for development of POL as a form of sharing knowledge
and experience among members of the POL.
a) Basic form of support of the OL from the strategic level is the work in groups of representatives
of POs under professional guidance by external consultants, and by application of the rules of teamwork.
This type of work is named a development
workshop for organizational learning.
b) The operational level of learning includes
the total human potential in the process of improvement and innovation in work, and thus raising the intellectual capital as key strategic value to
the organization. The support of the OL at the operational level takes place through two channels:
– Transfer of experience and competencies
acquired in development workshops at the
strategic level;
Volume 9 / Number 1 / 2014

– Training workshops on strategy and forms
of OL organized at the request of each
partner organization.
c) The level of business policy is oriented towards scanning the environment of the company
and identifying priorities to effectively meet the
demands of current and future customers. Therefore, this level is focused on the shapes of the
collection and sharing knowledge for and from
customers, subcontractors, competitors and other
entities in the environment and the trends and tendencies that affect it.
3. Workshops for OL
Partnership for organizational learning takes
place through cycles containing several workshops
named workshops on organizational learning. Each
cycle consists of the following workshops:
– Introduction-diagnostic workshop
– Development workshop and
– Reporting-verifying workshop.
The workshops are run in groups with relatively uniform composition of participants.
If the composition of the participants is significantly altered (more than half are new) or after the
depletion of important problems, there is a new
cycle of workshops.
The partnership for OL will make its final mission if it is accompanied by relevant behaviour,
gaining new experience activities at organizational (company) level thus gradually improving
the individual generating and sharing new knowledge, see Figure 1.
4. Ongoing development of the project
“Partnership for organizational learning“
First stage: introductory diagnostic workshop
on the implementation of “Partnership for organizational learning “ held on 10.04.2011.
Aim: To raise awareness of the usefulness of
the practice of organizational learning by increasing the intellectual capital of the organization, as
well as basic business networking of participants.
Second stage: training for internal integrators
for OL held on 12.10.2011.
137

technics technologies education management

Figure 1. One cycle of workshops for OL
Objective: development of methodological and
facilitating competencies for integration (management) of group and team activities for generating,
sharing and application of knowledge and experience in the company;
The benefit of the training is the adopted basis
and emergent forms of organizational learning as
well as competencies developed for composing
the theme groups and operating teams and their
facilitation in the organizations.
Third stage: Development workshop for
OL on Strategy for market emergence held on
27.10.2011.
Objective: exchange of theoretical and consultant experiences for market emergence and dealing with current needs in partner organizations;
The benefit of the training is introduction to
effective strategies for market emergence and remaining in the market, as well as development of
a proactive attitude to the market emergence and
exchange of experiences and practices among organizations.
Fourth stage: Development workshop for OL
on Strategies regarding attitude towards customers held on 15.12.2011
Objective: exchange of theoretical and consultant experiences to attract and retain customers
and dealing with current needs in partner organizations;
Benefits of training will be introduction to effective strategies for customer relations, as well as
way of implementation and sharing of experiences
among organizations.
Fifth stage: Reporting-verifying workshop for
OL held on 26.01.2012
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Objective: exchange of experiences and lessons learned from previous interventions in partner organizations;
Benefit: sharing the experiences of those who
present and other companies that can apply these
experiences in their own organizations;
Sixth stage: Development workshop for OL on
identifying innovative and entrepreneurial ideas.
Aim: To encourage innovative and entrepreneurial ideas by employees, facilitating and
streamlining the process.
Benefit: shared experiences from previous
practices.
5. Research Methodology
After the completion of the six stages of the
project the research was conducted in order to investigate three situations that actually represent
the research purposes of the paper:
– To explore ways and situations of gaining
new experiences in organizations
– To examine the extent of the application of
the acquired knowledge and experience.
– To examine the manner of storage and
sharing of the experiences and knowledge.
The research objectives in this paper are formulated based on the identified goals of the project “Partnership for organizational learning.”
Their foundation is based on information obtained
from practical application of lessons learned from
the six phases of the project, as well as theoretical knowledge of the relevant literature. After the
deepened study of the existing literature, as well
Volume 9 / Number 1 / 2014
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as consultations with experts in the field, we located the problem in the absence of applicability of
the lessons learned in practice, often resulting in
situations after the finalization of the project not to
have its true implementation within the organizations. Hence, in fact, emerged the basic scientific
purpose, as far as the perception of the need to encourage organizational learning is concerned, including the staff in all forms of strategic decision.
The scientific justification of the research is aimed
at generating new scientific knowledge which will
find the appropriate application not only as an intellectual issue, but practical application as well,
mainly to improve organizational performance
and sustainable organizational competitiveness.
5.1 Sample of respondents
The project in all its phases is realized in the
2011/2012. A control point, in which the benefits
from the project were researched was in March
2013, the researchers believed that as sufficient
time to realize the benefits of the project.
The questionnaire included employees from two
organizations participating in the project as follows: TA Atlantis and Horizons – Micro crediting.
These organizations are taken as a benchmark for
understanding the benefits of the project in view of
the fact that they are regional organizations spread
throughout the Republic of Macedonia.
5.2. Research Instruments
As a research instrument, in order to provide
reliable data, the survey was used. With this fact,
during the research we met the requirements for:
reliability and objectivity, convenience and easy
applicability; penetration (data was collected for a
specific phenomenon in the depth of the problem)
elasticity (applicability of the given instruments
on a larger group); comparison; economy (in a
shorter time span more data was obtained; social
expediency (no adverse reactions were challenged
with respondents and interviewees).
To determine the conditions subject to the research objective, three packages of survey questions were used and responses that defined certain
areas or fields:
Volume 9 / Number 1 / 2014

Area A (Ways and situations of gaining new
experiences in organizations)
– By formal training;
– By guidance and adjustments from the first
superior;
– By monitoring the work and behaviour of
superiors;
– By monitoring the work and behaviour of
colleagues;
– By sharing (receiving) experiences from
colleagues;
– By tracking the experiences and work of
competition;
– By sharing experiences with subcontractors
(suppliers);
– By collecting information from clients;
– By getting feedback (reflections) of my
work by colleagues;
– By attempts to improve the performance
and reflection of the results of it;
– By development of scenarios for possible
development solutions in future;
– By open dialogue for demonstrating various
interests: employees - management, sector
and sector etc.;
– By role play during training;
Area B (Practicing the acquired knowledge
and experience) and
– Participation in resolving operational
challenges for improving performance;
– Share their ideas with the development
priorities of the organization;
– Participation in teams for firm development;
– Participation in defining organizational
(company’s) policies;
– Participation in working groups and teams
for organizational improvements;
– Improving personal mastery in operation;
– Change of the current view of things at work
(mental model) based on new experiences
and knowledge;
– Trying to think and search for the causes of
inexistent unsatisfactory conditions in the
work;
– The received new data, information and
knowledge are devised with the existing
knowledge and experience;
– After each training, I am required to apply it;
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– Conditions are created for the application of
the new knowledge gained during my training;
– When dealing with a situation that requires
making long-term (strategic) decision
I require opinion from colleagues and
other employees;-When I require opinion
and other help from colleagues and other
employees I regularly receive it;
– During the implementation of the decisions
I keep a record of new experiences and
analyze them.
Area C (storage and sharing of gained experiences and knowledge)
– I share my experience with my colleagues;
– I deposit a hard copy of my experience in a
library/archive in the organization;
– I deposit my experiences in digital form in
the knowledge/data base in the organization;
– I deposit a copy of the training materials from
the training that I took in the organizational
library;
– After the return from every part of a
training I share the new knowledge with my
colleagues.
The assessment with the answers given in the
survey questions that reflect the work in organizations is done by applying a four-stage evaluation
scale from 1 to 4 (1– does not exist, 2 - rarely , 3
- often 4 - always or very often ).
The survey of the respondents was done before
and after the completed training in both organizations (Horizons – Micro crediting and TA Atlantis)
5.3. Methods of work
The determination of differences in questionnaires (before and after training) is done by using
the t-test for matched samples with repeated measurements.
The relationship and influence of the predictors
(A. Ways and situations of gaining new experiences in organizations and B. Practicing the acquired knowledge and experience) on the criterion
(C. Storage and sharing of gained experiences
and knowledge) is determined by regressive analysis. The application programs Word, Excel and
SPSS were used in data processing.
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6. Research results and discussion
The basic descriptive statistic parameters of
obtained indicators of the survey respondents with
the organization TA Atlantis, prior to the training
and after training completion (first and second
measurement), are given in Table 1. Thus, the
basic values that define the arithmetic mean are
given, with all indicators (A. Ways and situations
of gaining new experiences in organizations; B.
Practicing the acquired knowledge and experience; C. Storage and sharing of gained experiences and knowledge).
Indicators obtained from the two measurements
(first/second) achieved results in the range of 1 to
4 with a value of 3. If we analyze the arithmetic
mean it can be seen that the values that reflect the
work of the organization obtained from the assessment in the second measurement i.e. after the
training, are higher in all variables.
The indicators of the two measurements that
define the degree of inclination of the skewness
indicate a normal distribution, which points out to
high differentiation of the applied tests.
The obtained values that define the degree of
kurtosis, in both measurements are below the limit
3.00 and thus these results provide leptokurtosis of
the Gauss curve.
Basic descriptive statistical parameters of obtained indicators from survey respondents in the
organization Horizons – Micro crediting, prior
to the training and after training completion (first
and second measurement), are given in Table 2.
Moreover, the fundamental values that define the
arithmetic mean are given, with all indicators (A.
Ways and situations of gaining new experiences in
organizations; B. Practicing the acquired knowledge and experience; C. Storage and sharing of
gained experiences and knowledge).
Indicators obtained from the two measurements
(first / second) achieved results in the range of 1 to
4 with a value of 3. When analyzing the arithmetic
mean it can be seen that the values obtained from
the assessment that reflect the work of the organization in the second measurement or after training
completion are higher in all variables.
Indicators of the two measurements that define
the degree of inclination of the skewness, indicate
a normal distribution, which presents high differVolume 9 / Number 1 / 2014

technics technologies education management

Table 1. Results of the survey respondents from TA Atlantis (first and second measurement)
Descriptive Statistics
First meas.
Second meas.
VAR00001 A
VAR00002 B
VAR00003 C
VAR00001 A
VAR00002 B
VAR00003 C

N
192
197
72
192
197
72

Range Minimum Maximum Mean
3.00
3.00
3.00
3.00
3.00
3.00

1.00
1.00
1.00
1.00
1.00
1.00

4.00
4.00
4.00
4.00
4.00
4.00

entiation of the applied tests. Exception is variable
or indicator B. Practicing the acquired knowledge
and experience (VAR00002 B) in the second measuring where it reached values of skewness -1215.
The obtained values that define the degree of
the kurtosis, in both measurements are below the
limit 3.00 and accordingly these results provide
leptokurtosis of the Gauss curve.
Table 3 presents the calculated values of the
identified differences among the three indicators
that reflect the operations in the organization TA
Atlantis in both measurements (before and after
training) of the research:
In the variable (VAR00001 A) Ways and situations of gaining new experiences in organizations,
there were statistically significant differences between the first and second measurements respectively before and after the training with values of
t = -6.427 and p = 0.000. The limit intervals of
probability of 95 % range from 0.415 lower to 0.220 upper limit.
In the variable (VAR00002 B) Practicing the
acquired knowledge and experience, there were
statistically significant differences between the
first and second measurements i.e. before and after the training with values of t = -7.266 and p =

2.276
2.386
2.458
2.594
2.751
2.667

Std.
Variance Skewness Kurtosis
Deviation
0.881
0.777
0.032
-0.849
0.965
0.932
-0.016
-1.007
1.138
1.294
-0.042
-1.412
0.851
0.724
-0.503
-0.403
0.944
0.892
-0.585
-0.492
1.151
1.324
-0.279
-1.353

0.000. The limit intervals of probability of 95 %
range from 0.465 lower to - 0.266 upper limit.
The variable (VAR00003 C) Storage and sharing of gained experiences and knowledge, there
were statistically significant differences between
the first and second measurements respectively before and after the training with values of t = -3.048
and p = 0.003. The limit intervals of probability of
95 % range from 0.345 lower to - 0.072 upper limit.
Table 4 presents the calculated values of the
identified differences among the three indicators
that depict the work of the organization Horizons
in both measurements (before and after training)
of the research: Ways and situations of gaining
new experiences in organizations (VAR00001 A);
Practicing the acquired knowledge and experience,
(VAR00002 B) Storage and sharing of gained experiences and knowledge (VAR00003 C).
In the variable (VAR00001 A) Ways and situations of gaining new experiences in organizations,
there were statistically significant differences between the first and second measurements respectively before and after the training with values of
t = -7.049 and p = 0.000. The limit intervals of
probability of 95 % range from 0.455 lower to 0256 upper limit.

Table 2. Results of the survey respondents from Horizons – Micro crediting (first and second measurement)
Descriptive Statistics
First meas.
Second meas.
VAR00001 A
VAR00002 B
VAR00003 C
VAR00001 A
VAR00002 B
VAR00003 C

N
149
165
57
149
165
57

Range Minimum Maximum Mean
3.00
3.00
3.00
3.00
3.00
3.00
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1.00
1.00
1.00
1.00
1.00
1.00

4.00
4.00
4.00
4.00
4.00
4.00

2.65
3.02
2.65
3.01
3.34
2.93

Std.
Variance Skewness Kurtosis
Deviation
0.900
0.810
0.017
-0.844
0.880
0.774
-0.525
-0.533
1.157
1.339
-0.270
-1.371
0.904
0.818
-0.736
-0.123
0.837
0.701
-1.215
0.870
1.178
1.388
-0.607
-1.180
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Table 3. Differences in survey before and after the training with the respondents from TA Atlantis
Paired Differences
Std.
Std.
Mean
Error
Deviation
Mean
VAR00001 A
VAR00002 B
VAR00003 C

-0.318
-0.365
-0.208

0.685
0.706
0.580

0.049
0.050
0.068

95% Confidence Interval of
the Difference
Lower
-0.415
-0.465
-0.345

Upper
-0.220
-0.266
-0.072

t

df

Sig.
(2-tailed)

-6.427
-7.266
-3.048

191.000
196.000
71.000

0.000
0.000
0.003

Table 4. Differences in the survey before and after the training in the subjects of Horizons – Micro
crediting
Paired Differences
Mean
VAR00001 A
VAR00002 B
VAR00003 C

-0.356
-0.321
-0.281

Std.
Std.
Error
Deviation
Mean
0.616
0.541
0.559

0.050
0.042
0.074

95% Confidence Interval of
the Difference
Lower
-0.455
-0.404
-0.429

In the variable (VAR00002 B) Practicing the
acquired knowledge and experience, there were
statistically significant differences between the
first and second measurements respectively before
and after the training with values of t = -7.629 and
p = 0.000. The limit intervals of probability of 95
% range from 0.404 lower to - 0.238 upper limit.
In the variable (VAR00003 C) Storage and sharing of gained experiences and knowledge, there
were statistically significant differences between
the first and second measurements respectively before and after the training with values of t = -3.790
and p = 0.000. The limit intervals of probability of
95 % range from 0.429 lower to – 0.132 upper limit.
The relations and the interconnectedness between the treated variables in the survey respondents in both organizations (Horizons – Micro crediting and TA Atlantis) performed before training,
was determined by regression analysis. As criterion
variable in the study the indicator Storage and sharing of gained experiences and knowledge was treated (VAR00003 C), while the system of predictors
comprised the remaining two indicators: Ways and
situations of gaining new experiences in organizations (VAR00001 A) and Practicing the acquired
knowledge and experience (VAR00002 B).
From the inspection of table 5, it can be seen that
the coefficient of multiple correlation, i.e. the correlation of system of predictor variables (A. Ways
142

Upper
-0.256
-0.238
-0.132

t

df

Sig.
(2-tailed)

-7.049
-7.629
-3.790

148.000
164.000
56.000

0.000
0.000
0.000

and situations of gaining new experiences in organizations and B. Practicing the acquired knowledge
and experience) with the criterion (C. Storage and
sharing gained experiences and knowledge) is R =
.246, and the prediction coefficient R2 = .06, which
means the joint variability is explained with about 6
%. This relationship was significant at the p = .019.
The remaining 94 % in explaining the total variability remains to other factors and indicators that
are not the subject of our research. Although the
system observed statistically significant association
of low level with the criterion, single positive statistically significant association of low level as well
was noted with indicator B. Practicing the acquired
knowledge and experience (BETA = 0,210), which
is important at the p-level = .017.
Following the training also among respondents
from both organizations (Horizons – Micro crediting and TA Atlantis) with regression analysis
the interrelation between indicators was determined. The criterion was the indicator Storage
and sharing of gained experiences and knowledge (VAR00003 C), and the system of predictors
comprised the remaining two indicators: Ways and
situations of gaining new experiences in organizations (VAR00001 A) and Practicing the acquired
knowledge and experience (VAR00002 B).
The review of table 6, suggests that the coefficient of multiple correlation, i.e. the correlation of
Volume 9 / Number 1 / 2014
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Table 5. The relationship and influence before the conducted training in respondents of both organizations
Coefficients(a)
Model
VAR00003 В
1

Model
1

Unstandardized Coefficients Standardized Coefficients
(Constant)
VAR00001 A
VAR00002 B
R
0.246

B
2.243
-0.130
0.263
R Square
0.061

Std. Error
Beta
0.384
0.108
-0.104
0.109
0.210
Adjusted R Square
0.046

t

Sig.

5.842
-1.200
2.419

0.000
0.232
0.017
Sig.
0.019

Table 6. The relationship and influence after the completed training with participants from both organizations
Coefficients(a)
Model
VAR00003 В
1

Model
1

Unstandardized Coefficients
(Constant)
VAR00001 A
VAR00002 B
R
0.231

B
2.259
-0.081
0.276
R Square
0.053

Std. Error
Beta
0.417
0.116
-0.061
0.107
0.224
Adjusted R Square
0.038

system of predictor variables (A. Ways and situations of gaining new experiences in organizations
and B Practicing the acquired knowledge and experience), with the criterion (C. Storage and sharing gained experiences and knowledge) is R = .231,
and the prediction coefficient R2 = .05, meaning it
explains common variability with about 5 %. This
relationship was significant at the level p = .032.
The remaining 95 % in explaining the total variability remains to other factors and indicators that
are not the subject of our research. Although the
system observed statistically significant association of low level with the criterion, single positive
statistically significant association of low level was
also noted with indicator B. Practicing the acquired
knowledge and experience (BETA = 0,224), which
is important at the p-level = .011.
From the inspection of both examinations performed before and after training it can be noted
that there is a link between indicators Storage and
sharing of gained experiences and knowledge as a
criterion to the system of predictors (Ways and situations of gaining new experiences in organizations
and Practicing the acquired knowledge and experience). In the individual influence of predictors to
the criterion, although of low level, we observed
significant improvement in the indicator Practicing
the acquired knowledge and experience after the
Volume 9 / Number 1 / 2014

Standardized Coefficients

t

Sig.

5.415 0.000
-0.704 0.483
2.584 0.011
Sig.
0.032

performed training compared to the first measurement or before the performed training.
7. Conclusion
Organizational learning is a dynamic process in
which ideas should continue to develop. The complex theory of OL and the impact of IT technologies will practically lead to new times. In fact, the
development of technologies can only encourage
OL and further enhance the positive features from
its practice. This is confirmed by Bill Gates in his
book Business at the speed of thought. The basic
question remains: do we have enough imagination
and values to conduct true organizational learning? And would we be willing to transfer enough
power to and between organizations to give the OL
a democratic dimension? Hence the importance of
the results conducted in two organizations, which
confirm the desire and appetite of organizations to
share their experience, knowledge and information. In this case it was necessary to make a good
project preparation, which will be a real challenge
for the organizations participating in POL. According to the analyzed results of the survey the
following general conclusions were drawn:
– The obtained indicators used for the
assessment of the operation of both
143
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organizations (Horizons – Micro crediting
and TA Atlantis) in the conducted survey,
noted higher values after the performed
training compared with the observed
(obtained) values before the performed
training.
– Significant differences are determined
among the three indicators (Ways and
situations of gaining new experiences in
organizations; Practicing the acquired
knowledge and experience and Storage
and sharing of gained experiences and
knowledge) that depict the operation
of the two organizations (Horizons –
Micro crediting and TA Atlantis) in both
measurements, i.e. before and after training.
– In the evaluation of the performance of
organizations, there was established a
statistically significant association between
the criterion (Storage and sharing of gained
experiences and knowledge) with the system
composed of predictor variables (Ways and
situations of gaining new experiences in
organizations and Practicing the acquired
knowledge and experience) in both
measurements of conducted research.
– The individual statistically significant
influence of the predictor (Practicing the
acquired knowledge and experience) to the
criterion (Storage and sharing of gained
experiences and knowledge), is determined
in both measurements of the research or
before and after the performed training. In
the individual impact of the predictor to the
criterion following the training, although of
a low level, there is yet an increase.
“Learning how” which is learning in a single
round and applies to the understanding and application of existing skills, routines, rules and principles of operation, resulted in acceptance of existing skills and routines by individuals and groups
at two levels: the POL project participants (general
managers and facilitators ) and employees in organizations. “Learning why”, in dual round, means
deeper thought process that includes review of the
causal relations between the factors and reasons
for certain occurrences in the organization. Both
types of learning have their usefulness to the or144

ganization and its development. Namely, learning how can be a source of competitive advantage
within the organization by achieving higher levels
of efficiency in work, while learning why can be
innovation initiative that gives the organization a
competitive advantage. Thus we can conclude that
the sharing of knowledge and experience in the
project POL contributed the raise of the organizations’ growing knowledge base, and thus the project to gain strategic value that will bring benefits
in the long term to the organization.
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Abstract
This paper explores the teaching methodology
in undergraduate-level architecture courses, which
aims to introduce issues of ecological thinking and
sustainable design at the very beginning of the architecture teaching process. It presents new pedagogical methods and tools employed in response to
global changes in architecture education reflecting
contemporary concerns for climate change and environmental sustainability. The analysis is focused
on two particular cases within the current process
of education reforms at the Faculty of Architecture
of the University of Belgrade: the continual improvement of the teaching curricula of the first-year
theoretical subjects, and correlative methodological
innovations in the second-year design teaching studio. The particular methodological approach based
on discreet infusion of environmental aesthetics in
the field of history and theory of architecture will
be here discussed and evaluated through the student
questionnaire and further examination of the corresponding practical experience in the architecture
teaching studio. Besides testing the epistemological
range and perspective of the teaching curricula in
the overall raising of students’ environmental consciousness, this work points to the new teaching
strategies that can create a productive interrelationship between gaining theoretical knowledge and
explorative and creative design discourse.
Key words: University of Belgrade – Faculty
of Architecture, sustainable design, environmental
aesthetics, curriculum development, pedagogical
innovations in the architectural university curricula
1. Introduction: environmental aesthetics in
contemporary architecture and urbanism
The growing awareness of climate change and
necessity to mitigate impacts on the environment
have brought, during the past decades, an important paradigm shift in the architectural profession.
Volume 9 / Number 1 / 2014

Diverse design conceptions and expressions, such
as sustainable, ecological, integrative or regenerative design, argue for more integral and interdisciplinary approach to contemporary architecture.
Likewise, the notion of environmental or ecological aesthetics within the theoretical discourse of
the discipline, significantly extended the previous
insights by including ethical challenges regarding
social responsibility, relation to place and ecological consciousness [1]. As argued by Allen Carlson,
aesthetic appreciation is not considered simply as
a matter of looking: ‟Rather, looking with an eye
and a mind that have been educated about the history and the function of environments” [2]. All
these new approaches and insights have led consequently to a substantial revision of the process of
university training of architects and the establishment of new teaching goals and procedures.
Starting from these premises, this paper discusses the results of the process of innovation of
academic curricula as an initiative for the systematic inclusion of environmental education at the
University of Belgrade – Faculty of Architecture
(UB-FA). The work is focused on the implementation of the following courses during the school
year 2011-2012: Architecture Today (AT) and
History of Modern Architecture and Urbanism
(HoMA&U) in the first year, and Design Studio
– Project 1: Architecture (DS-P1/A) in the second
year of Bachelor studies. The theoretical subjectsʼ
teaching curricula (AT, HoMA&U) were developed, realized and improved since 2005-2006 by
Dr. Ljiljana Blagojević, Associate Professor at
UB-FA. The design studio module (DS-P1/A) in
2011-2012, was chaired by Vladimir Lojanica, Associate Professor at UB-FA. The following analysis is based on experience that the authors of this
text gained as teaching assistants in these courses,
and through previous joint work on both the theoretical subjects and in design teaching studio. By
investigating both of these teaching perspectives,
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we intend to highlight the critical relationship between acquiring theoretical knowledge and developing practical skills in a revised architectural
training process.
As the starting point of this paper we adopt the
environmental anthropology position of Gregory
Bateson, that ecological struggles occur, above
all, in the domain of thought [3]. Given that the
complex and multidisciplinary field of contemporary ecology far surpasses the framework of the
scientific discipline set in the 19th century, and that
its object of study cannot be reduced to the current problem of conservation of natural resources
and mitigating the effects of climate change, we
rely on the expanded definition of ecology of Felix
Guattary, which, aside from environmental questions, includes social relations and human subjectivity [4]. According to Guattary, new ecologic
practices cannot be developed in reference to science only. Rather, in search of artistic concepts of
eco-logic, it is necessary to create new ethical and
aesthetic paradigms. We also base the themes of
this paper on the latest considerations of environmental aesthetics (esthétique environnementale),
written about by Nathalie Blanc, who understands
the term as part of ‟active and open procedures
for engagement with the environment” [5]. Aesthetic engagement, according to Blanc, creates an
aesthetic experience stemming from knowledge,
which, although not specialised, is active and oriented inclusively towards its surroundings and includes the knowing subject in body and spirit [6].
All too often environmental approaches to architecture are exclusively tied to leading examples
and practices spurred on by latest scientific discoveries and technological advances. However,
the discussion of theoretical aspects and broader
meanings, as well as the phenomenological, social
and cultural foundations of environmental relations are necessary for the development of concepts of contemporary ecological architecture.
The introduction of a historical perspective of
modern architecture into new explorations, allows
for a deeper understanding of this topic. With its
development of social and environmental consciousness and responsibility, discourse of modern
architecture, intrinsically includes the questioning
of the general social, political and technological
consensus on sustainable development and eco146

logical design [1]. In that regard, we place special emphasis on the role of architectural history
and theory, not only in the creation of a knowledge base necessary for the understanding of the
current change of aesthetic paradigms, but also as
stimulation of creative critical thinking, crucial for
pursuing sustainable environmental design [7].
2. The architecture training curriculum
and sustainable development: 		
pedagogical innovations in the field of
history and theory of architecture
Architecture, as a body of knowledge that studies and establishes the interrelation of man and
nature, spiritually and materially, locally and globally, is important at a moment when we need a new
thinking of what we mean by nature and our relation towards it. A significant change in architectural
training over the last decade has precisely been the
inclusion of ecological questions on all levels of
studies: not only as part of courses in the field of
architectural design and architecture technology,
but also in the study of history and theory of architecture and urbanism. It is through courses on architectural history and theory, notes James Wright,
that knowledge of the environmental and cultural
context is strengthened, as well as the relation between people and ways in which they use land and
resources [8]. In the same text that considers the introduction of the principle of sustainability in the
curricula for architecture in the USA, Wright emphasises three approaches to the process:
– The first methodological approach (MA1)
is founded on the premise that sustainability
is interwoven with all programs by its very
nature (that architecture is in its original
essence in accordance with the principles of
sustainable development);
– The second approach (MA2) means the
expansion of the curriculum of existing
courses through the introduction of
technical knowledge regarding the control
of systems for the protection of the natural
environment;
– The third approach (MA3) is based on the
revision of the entire programme: it is guiding
towards a complete adoption and integration
of the principles of sustainability [8].
Volume 9 / Number 1 / 2014
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Observed in the context of introducing the theme
of sustainability and environmental history into the
teaching of history and theory of modern and contemporary architecture at the Faculty of Architecture in Belgrade, the first of these approaches means
that the principles of sustainability can be gradually
poured into all the existing areas of teaching. For
this approach to lead to expected results on the institutional level, it is important that it be implemented simultaneously as part of all forms of teaching
and on the part of all teachers. The second approach
concerns the technical knowledge of principles of
building energy-efficient objects of ecological and
sustainable architecture, and emphasises the technical aspect of the topic, while the greening of the
curriculum is achieved, in this case, by incorporating these teaching areas into the design studio work
and other areas of the teaching programme, e.g. the
history and theory of architecture. The third aspect
demands, much like the first, the simultaneous engagement of all teachers in the recreation of courses
and their harmonisation with the new curriculum on
a completely alternate foundation. A key element
enabling the level of reform allowed by the third
approach is the creation of new subjects and their
careful integration into the curricula, which demands efficiency and totality of organizational aspects on an institutional level. This approach can be
viewed as representing the desired optimal model,
according to which innovative pedagogical actions
can be guided in the long term. Part of the third approach is the space for the application of new forms
of greening of the curricula of history and theory of
architecture. All of these specific ways to improve
the given curricula demand distinctive understanding at the beginning of the process and subsequent
monitoring and evaluation.
In considering the changes to the curricula for
courses of history and theory of modern and contemporary architecture, the work of David W. Orr
is particularly significant since he was among the
first to usher eco-literacy in institutions of higher
learning, and later developed ecological design.
Being familiar with both the practical and theoretical aspect of this topic, he advocates the use of
capacities which architecture as a human endeavour has in the domain of pedagogy, that is, in raising ecological literacy. In his book The Nature of
Design: Ecology, Culture, and Human Intention,
Volume 9 / Number 1 / 2014

the author explains the importance of a continuous accumulation of generational knowledge for
a successful adaptation of the human community to the environment [9]. Pointing out the danger of technocratic neglect of wisdom in favour
of skill, Orr expounds on the difference between
two ways of seeing the world, illustrated by the
expressions fast knowledge and slow knowledge
[9]. Fast knowledge is useful and necessary, writes
Orr, since we use it to solve problems, while slow
knowledge allows avoiding the problem in the
first place. In the context of the overall greening
of architectural teaching programmes, we see the
introduction of sustainability into the curricula of
the history and theory of architecture as analogous
with one of the points of definition of slow knowledge in that it is the condition of the possibility
of the establishment of continuity and connection
with previous ecological thought within the modern movement, as well as through constant critical
questioning of the meaning of contemporary sustainable architecture [10].
The following section of the text analyses the
model which is based on the progressive introduction of themes of sustainability into the domain of
history and theory of modern and contemporary
architecture in core requirement classes, at the
very beginning of undergraduate studies.
2.1. Discreet infusion of principles of
sustainability into the theoretical subjects:
Architecture Today and History of
Modern Architecture and Urbanism
At the Faculty of Architecture in Belgrade, the
history and theory of modern and contemporary
architecture is taught during the first year in two
subjects: Architecture Today (1/180 ECTS) in the
first semester, and History of Modern Architecture
and Urbanism (2/180 ECTS) in the second semester of undergraduate studies [11]. The introduction
of principles of sustainability into these subjects is
consistent with the above discussed James Wright
premise that sustainability is inseparable from
them (MA1). Through these two subjects, students acquire the initial understanding regarding
contemporary architectural practice and contemporary theory of architecture. In addition, through
the study of significant designers and theories of
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modern architecture, they gain insight into forming a wider reference base grounded in a historical perspective and cultural, social and political
context of architectural and urban design. The
process of change and gradual reform of the curriculum unfolds by blending or discreetly infusing
the environmental aspect of the history of modern
architecture, along with contemporary ecological
urbanism, landscaping, energy efficient and sustainable architecture into the field of history and
theory of modern and contemporary architecture.
In this particular case, the introduction of new
topics was accomplished within the syllabi that
is structured through lectures, interactive classes
and guest lectures. The curricula were devised to
introduce criteria of interdisciplinarity, openness
and flexibility through consideration of the complex relationship of architecture with engineering
(construction, materials, technology), landscape,
natural environment and social sustainability. Of
the basic topics of study, the programmes cover
theories of contemporary and modern architecture
through the analysis of key historical precedents
of modern architecture (HoMA&U) and exemplary contemporary architectural practices (AT).
Topics concerned with the environment and sustainability are represented laterally in all teaching
units. Thus, for example, in the lectures about key
historical precedents (HoMA&U), environmental history is present through the consideration of
historical paradigms of modern architecture and
urbanism that relate to contemporary trends in ecological architecture, ecological urbanism and the
role of architecture in achieving social sustainability (MA1). Further, through the units dedicated to
architecture and engineering (construction, materials, technologies) and exemplary contemporary
practices (AT), students are familiarized with both
the contemporary opus in the area of ecological architecture, and they are shown an analysis of contemporary examples of energy efficient architecture
(MA2), as well as an analysis of current projects
of recovery of devastated areas. In a more narrow
sense, only two topics relate directly to sustainable
development (that of the relation of architecture and
the environment, and that of social sustainability),
with two teaching units within the subject Architecture Today, comprising only ten per cent of the
total number of teaching units in both subjects of
148

the first year. Through this concept, sustainability is
introduced as an integral part of studying architecture, with view to eliminating the barrier to thinking about sustainability as just another one of its
aspects (MA1). In that sense, the connection with
and foundation of the study of sustainability within
the history of architecture becomes clearer. Raising awareness early on in studentsʼ college careers
regarding environmental conditions in general, as
well as the cultural and historical context they are a
part of, is beneficial for the approach that could later lead to the complete integration of the principle
of sustainability into all the courses and classes of
the architectural curricula (MA3). The same model
which was used to gradually introduce the topics
of sustainability into the field of history and theory
of modern and contemporary architecture into core
undergraduate curricula from the very beginning
of studying, was further developed by establishing
correlations and thematic deepening on the next
level of education, the elective classes for graduate
studies (MA3) [10].
Considering that the core classes are attended by
the entire class of students, the goals of the lectures
are the acquisition of basic, elementary knowledge
and the initiation of further independent research activity through meaningful, original and systematic
responses to assigned topics – midterm projects, as
well as the development of general research inquisitiveness and the formation of general intellectual
competence in all students. The expected results of
the courses, set by the subject curriculum, are in accordance with European Qualification Framework
(EQF), adapted to the introduction of sustainable
development into university curricula of schools of
architecture throughout Europe [12].
According to these, the levels of acquired knowledge, skills and competence of students is based
on: a recognisable ability of independent study
and research, ability of presenting results of study
or research, well-developed communication skills,
capability of proper and appropriate evaluation of
competence of colleagues, as well as oneʼs own.
Further, the programme activities encourage extra-curricular communication of students, teachers
and associates, as a form of establishing transdisciplinarity and co-operation, which include: student,
class or student body exhibits at the Faculty and
elsewhere, lectures given by professors in courses
Volume 9 / Number 1 / 2014
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other than their own at the Faculty and elsewhere,
and public, open, extracurricular lectures at the
Faculty and elsewhere. Aside from seeing the results in their body of knowledge acquired during
the semester, the innovation in the curriculum of
the course was assessed and new possibilities were
opened by way of questionnaires.
2.2. Testing the chosen approach: the
questionnaire
As part of the Bologna reform process, there is
an annual evaluation of teachers by the students on
the Faculty level. Additionally, the academic 20112012 featured an anonymous pilot survey questionnaire, given to first year undergraduates taking
HoMA&U. The intention was to gain a more direct
insight into the way in which students understand
and accept the thematic areas of the subjects (AT,
HoMA&U) and teaching methods, and to allow an
indirect participation of students in the revision of
the education process. The questionnaire included
students who volunteered and showed interest in
the advancement of the student curriculum, a total
of 41 first year students. The students were given
seven multiple-choice questions: they were asked
to indicate their level of agreement with the statement in each of the offered answers on a five-graded scale from “not at all” to “a lot.” Questionnaire
responses were ordinal data (placed in order, but
without a numerical meaning beyond the order).
Processing the answers meant assigning a weighting coefficient, WC, to each of the offered answers
according to the key given in the Table 1.
Table 1. Levels of agreement with the statement in
the offered answers
questionnaire
response code
1
2
3
4
5

level of
agreement
not at all
slightly
moderately
quite a bit
a lot

weighting
coefficient, WC
0
1
2
3
4

The formula n x WC = WCV, where n is the
number of students who chose a particular level
of agreement, provided the weighting coefficient
values, WCV. In this way, the obtained values can
be compared and shown graphically.
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The first four questions referred to the way students prepare for the midterms and final exams
and the way in which they study. Particularly relevant for this research were the last three questions,
related to the reception of the basic thematic units
and to the introduction of sustainable development
into the curricula and the studentsʼ relationship to
that process:
Question 1: Which subject areas are the most
stimulating for your further independent research
and work in design studio?
Question 2: Assess the level of knowledge that
you have acquired in the listed topic areas, a-f.
Question 3: Which topics, in your opinion,
need to be more present in the course curriculum?
The values presented in the Table 3 and the
Chart 1 are students’ responses presented through
scaled values, in effect weighting coefficient values (WCV), which reflect the studentsʼ inclination
towards these fields, in relation to the questions
above. The basic statistics were determined for the
group as a whole. The letters a-f, that present the
subjects’ topic areas, are given in the Table 2.
Table 2. Topic areas of the subjects
mark
topic area
a
key historical precedents
b
exemplary contemporary production
c
architecture, landscape and environment
architecture and engineering
d
(construction, materials, technologies)
actual architecture and social
e
sustainability
theory of contemporary and modern
f
architecture

Table 3. The values of the weighting factor of
the studentsʼ answers to the questionnaire, WCV
topic area question 1 question 2 question 3
a
93
115
105
b
120
111
110
c
124
102
122
d
101
93
114
e
126
127
145
f
82
88
104
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those topics marked as most inspiring, but a lack
initiative for broadening their theoretical knowledge, which points to insufficient awareness of the
importance and role of architectural theory. Nevertheless, the results of the questionnaire indicate
that the endeavour of discreetly infusing the ideas
and concepts of sustainability into the curriculum
of this subject has had a positive response from
the students and has made significant progress in
increasing their ecological literacy. The expressed
interest and preferences of students questioned
could be a significant criterion in the further work
on modernising teaching curricula.

Chart 1. Diagram representing studentsʼ stated
preference of topic areas of subjects Architecture
Today and History of Modern Architecture & Urbanism
The answers to Question 1 show that students consider those subjects most inspirational
for independent work which concern social sustainability (WCV=126) and the relationship of
architecture, landscaping and the environment
(WCV=124), meaning that these subjects, along
with examples of exemplary contemporary architecture (WCV=120), motivate them the most for
further work. The order of their ranking clearly
shows the high ecological awareness of students.
Especially telling is the interest shown in questions of social sustainability, which came through
not only through this questionnaire administered
to a limited number of students, but also in exam
papers of the entire class, which dealt with a great
number of examples of architecture dedicated to
this topic. The answers to Question 2 also showed
that students think they have the least amount of
initial knowledge in the areas of architectural engineering and theory of contemporary and modern architecture, and that they improved the most
in the area of social sustainability and familiarity with key historic precedents. As concerns the
process of further improvement of teaching, it
is interesting that studentsʼ answers to Question
3 showed a desire for a greater representation of
150

3. The architecture training curriculum
and sustainable development: 		
pedagogical innovations in the field of
architectural and urban design
Design studio teaching is generally considered
the most important part of the teaching process in
the discipline of architecture and urbanism, and
therefore, the most critical part regarding integration of sustainability into university curricula. In
his recently published book Design Education for
a Sustainable Future, Rob Fleming points up that
design education, especially the studio, is one of the
most effective tools for learning across the entire
spectrum of higher education [13]. However, he
claims that the current models of design education
are exclusive, competitive and formalistic, and thus
unable to drive the ethical content of projects and
to reach higher levels of integration: ‟The academically reinforced disciplinary silos serve to prevent
collaboration. The makeup of disciplines necessary
to pursue higher levels of collaboration not only exist in separate schools and colleges within universities, but also possess deeply territorial impulses that
work against such efforts” [13]. Therefore, he sees
the possibility of a more integrated and sustainable
curriculum in an open tent-like education structure
that is pluralistic and allows a more flexible and holistic approach, illustrated by the author in the following diagram (Figure 1).
In the field of architectural and urban design,
greening of the teaching curricula should develop
progressively through all the stages of education.
According to EDUCATE Framework for Curriculum Development, on the graduate level of studVolume 9 / Number 1 / 2014
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ies explorations of principles, strategies and solutions for sustainable environmental design should
become an integral part of an explorative design
process [12].

The first section concerns the process of preparing
the design studio curriculum, which the author of
this text carried out in coordination with the director of the module. The second section explores the
results of subsequent teaching experience in the
design teaching studio [17].
3.1. Discreet infusion of principles of
sustainability into the subject Design
Studio – Project 1: Architecture

Figure 1. The great “Tent” of sustainability (plan
view). Created and drawn by Rob Fleming [14]
Also, the role of design as exploratory tool
should be reinforced and design should become
the way of producing knowledge considering issues of environmental, social and economic sustainability. As suggested by Ljiljana Blagojević:
“in the design studio situation, students’ proposals which take on environmental strategy as the
primary design guidance, and investigate radically new typologies which result from it, might
be expected to achieve the most accomplished results in the outcome of the studio projects” [15].
On the other hand, introducing sustainability and
environmental culture to the design studio courses at the undergraduate level of studies, presupposes methodological tools that generally rely on
an experiential approach. Apart from developing
the basic design skills, the main objectives at this
stage of architectural education are the formation
of sensitivity towards creative exploration, and the
enhancement of the knowledge and abilities needed for competent design and design research. As
an introduction to the graduate level of environmental education, undergraduates should increase
their awareness of contemporary challenges related to climate change and become familiar with
problems of sustainability [12].
In the following sections, the previously presented methodological guidelines will be further
examined from the perspective of the design teaching methodology employed in the course Design
Studio – Project 1: Architecture (DS-P1/A, 12/180
ECTS) at the second year of Bachelor studies of
UB-FA in the winter semester of 2011-2012 [16].
Volume 9 / Number 1 / 2014

The standard programme of the winter semester design studio in the second year of the reformed
undergraduate studies of UB-FA is the design of
small multifunctional buildings with housing, business and service contents. As support for the design
teaching studio in the 3rd and 4th semesters of study,
the complementary module Spatial Organization
was developed, comprising the subjects Building
Typology 1 and Building Typology 2, to inform students about the main principles of designing housing, administrative and industrial buildings, sport
centres etc., so that the taught matter corresponds
directly to programmes of project assignments in
the module studio project. The course Buildings
Typology 1 (BT1, 3/180) provides the basic knowledge of typical architectural structures of one-family and multi-family dwellings and, as noted in the
subject’s curriculum, investigates the conditions
and influences of the context that leads to different
building typologies [11]. It provides the basic information about the guiding principles and general
methodology in this field by setting the standards
and systematizing the relevant knowledge through
the typological framework.
Following the same typological pattern, the studio work at this level of education is traditionally
focused on developing skills to design a family
house at a given site in a built environment. The
main objective in setting the new program for the
design studio in 2011-2012 was the need to challenge the typological limits and make typological
research an integral part of the design process itself.
In his book on relations between the design process
and its complex conditions, English architect and
educator, Jeremy Till also stresses the importance
of the formulation of the creative brief and claims
that “the creative brief is about negotiating a new
set of social relations.” [18] Thus, the open-ended
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curriculum aims at introducing the discussion of the
building programme at the very beginning of architectural training. Consequently, sustainable design
was not highlighted as the main objective of the
course, which would require advanced engineering
and technological knowledge, but rather laterally
introduced as an underlying topic that can develop
from conceptual knowledge gained through the theoretical subjects, such as AT and HoMA&U, and
maintain its crucial interrelation with the social and
ethical conditions of the design work.
The site for the housing project in this exercise
(DS-P1/A) – Lipov Lad, Zvezdara, Belgrade – was
chosen to provide an insightful field for research
and suggests the possibility of different approaches to the subject [19]. The broader urban context
is defined by the large plot of the former brickyard
that was transformed into a housing settlement
during the 1930s. Planned between the two World
Wars and partly transformed in the post-war, socialist period, it showed a remarkable coherence
while including an extremely wide range of housing typologies adopted to the socially mixed community. The specific location was chosen in the
area with mixed single- and multi-family housing,
on the very edge of the new profit-driven building development that is currently altering an existing urban pattern. By challenging the typological
framework, in this complex and insightful urban
context, the students were encouraged to search
for new, contemporary housing models, and the
question of social sustainability together with environmental awareness was indirectly posed.
3.2. Testing the chosen approach: the studio
work
The general method of practicing in the design
teaching studio principally consists of three major
working phases:
– the analytical survey that examines the
relevant conditions of the design work,
– the conceptual draft that poses the main
features of the design proposal and
– the preliminary project as the re-examination
and working out of the conceptual draft.
The main objective of this particular exercise
was to challenge the sharp transition from discur152

sive to operative phases of studio work that results
in separating these two domains, and to support
the combination of both cognitive methods. This
objective assumed the methodological twist in all
three phases of the process, marked by the following methodological guidelines: construing the
context, programming the concept and communicating the project. This shift was conceived to
address the problem commonly known as rightbrain education [12], that is, the tendency of
contemporary design curricula to rely entirely on
imagination and image processing skills without
involving left-hemisphere processes, generally
responsible for thought rigour, such as logic and
analytical procedures [20]. In the final outcome,
these methodological guidelines aimed at inducing the paradigmatic shift from object-based towards research-based and environmentally-conscious design work [12].
The most developed design teaching courses at
the graduate level of studies at UB-FA organise the
first, analytical phase as the comprehensive, multilayered and interdisciplinary examination of the
main contextual conditions of design work: from
research of the existing urban and environmental conditions, via historical and socio-political
analyses, to the examination of the architectural
program and the relevant historical precedents. In
addition, corresponding reading seminars are conceived as an effective support for the analytical
work that can provide active access to the relevant
theoretical knowledge. The very character of this
process suggests compilation of various analytical
devices, mostly borrowed from the related scientific fields: history, geography, sociology, psychology, cultural studies, etc., and from the related art
disciplines: photography, film, visual arts, etc. The
combination of the utilized analytical tools provides the knowledge/experience for the following
phases of work and efficiently contributes to setting the broader intellectual agenda.
In the case of the second year design course,
it is necessary to approach the analytical phases
of the work in its most reduced and paradigmatic
form. Time limits and lack of competence needed
for the extensive research of existing spatial and
social conditions, requires using basic analytical
tools that can provide the most valuable insights.
When it was attempted, this particular exercise
Volume 9 / Number 1 / 2014
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showed that, in addition to collecting, selecting
and verbally interpreting the general information
on the specificities of the design task, the analytical
tools that come from art disciplines, photography,
video and drawing could be highly productive.
Instead of collecting the vast databases, students
were encouraged to make more detailed case studies. As a result, a set of highly sensitive photo and
video works was made to approach the particular
phenomena of urban context. In addition, the exercise showed that the comprehensive and analytical architectural drawings of the carefully selected
spatial phenomena can also produce the relevant
knowledge and provide an even deeper insight
into the complex structure of reality. The very process of drawing, through its mechanisms of selection, measuring, and interpreting has the capacity
to scrutinize the relations between objects in space
and thus act as both the means for understanding
and interfering with the reality. As suggested by
Marco Frascari “[b]y reading and drawing ‘architectural imaging’ line-by-line, architects, read
and draw between the lines to foster architectural
imagination” [21]. The specific knowledge that
comes from such reading of a particular space, differs from general discursive analyses: it does not
only provide access to its meaning, but allows for
the learning of its intrinsic logic.
The second phase of the studio work, the one
that concerns the proposition of conceptual drafts,
represents the shift from dominantly intellectual
to a more intuitive mode of work. Producing an
abstract, conceptual model efficiently marks the
moment of departure: by setting a clear distance
from the existing and the known, it touches the
very essence of the architectural discipline. As
anticipated, this particular moment in the working process was the most productive and engaged
the most creative and innovative potential. The
discussion regarding the presented ideas was organized in the form of cross-interpretation that engaged all the participants in the studio work. By
including the moment of reception from the outset
of the creative design discourse, the multiple readings were included and the different possibilities
were perceived and further examined.
Additionally, in this phase of the design process the students were encouraged to interpret and
adjust the proposed architectural program. The
Volume 9 / Number 1 / 2014

posed typological problem created a loose framework for the discussion of functional requirements
of contemporary dwelling and the spatial capacities of the concrete building site. Organized at the
end of the analytical survey, before the conceptual
drafts were formulated, this discussion appeared
to be somewhat superficial and inefficient. However, attached to the further spatial and material
exploration, the search for the organizational patterns extended to the end of the course. Instead
of being a requirement to be met, the design brief
thus became a research topic, which in turn resulted in the opening of the programme to questions
of sustainability and facilitating the integration of
theoretical knowledge into design work.
The last phase of the design process includes
the working out of the preliminary draft. Through
architectural drawings and techniques of modelling, the initial hypotheses are examined and developed further to their material consequences. The
studentsʼ work in this phase showed a tendency to
disregard the results of the previous, analytical part
of the process and develop formal aspects independently, so the challenge was now to reiterate the reflexive methods in the design procedure. The relationship of the created space with the existing urban
environment was tested and made comprehensible.
The expected spatial experiences were presented
through different forms of spatial simulations and
the students were encouraged to predict the possible
situations, i.e. to visualize the hypothetical events
in the designed space. The representations varied
from realistic images of everyday life, to complex
montages that aimed to show the multiple uses of a
single space. Finally, by intensifying the communication among all the participants of the studio team,
the propositions were exposed to public opinion
and opened to critical examination.
The initial aim to introduce the elements of
critical thinking in the early phases of design training laterally resulted in raising the environmental
consciousness and posing the main questions of
sustainable design. The preceding analyses aimed
to resist oversimplified notions of real conditions
of architectural work. Instead, they have brought
more profound notions of existing spatial, social
and environmental circumstances and informed
the architectural proposals so that they relate more
intensely to a specific space and time. Continuous
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work on the architectural programme has initiated the form of design in which the programme
contributes in meaning. Discussed proposals thus
included projects for small community enterprises
that examined the different possibilities of space
sharing, hybrid structures that combined dwellings with diverse functions (work, entertainment,
public services, etc.), exploration of higher residential densities and diverse experiments in green
and energy-efficient design, e.g. storm water management solutions or design related to solar geometry and wind exposure. One of the most proficient projects explored the conception of urban
agriculture in community gardens and creatively
challenged the known housing typologies through
an integration of the living and work space, building construction and water management, urban
community agriculture and open public space.
4. Conclusions and Prospects
This paper argues for curriculum and teaching
innovations in university education in architecture, which can provide the initial impetus towards
integrated design and a holistic, interdisciplinary
approach to contemporary architecture. Through
a parallel examination of two case studies, it presents different, but correlative methodological
procedures that aim at introducing issues of environmental aesthetics into the undergraduate architecture curricula. The guiding pedagogical method
of discreet infusion, initially employed in the domain of the introductory theoretical subjects, is
here discussed and evaluated through the student
assessment questionnaire and further examined
in relation to the corresponding methodological
innovations in the design teaching studio. The
analyses showed that this circumspect method, if
discretely introduced, i.e. by distinctive action of
individual members of university staff and by distinctive delivery of lectures, can provide strong,
yet unconstraining and open connections between
theoretical and environmental knowledge and studio-based learning. In a wider sense, this insight
outlines prospective ways of further methodological improvements in architectural education
towards a more open curricular structure that is
characterised by porosity, horizontal interrelationships and co-creative design work.
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Abstract
Rapid development and advances in the field of
information technology have resulted in urgent need
for overcoming the traditional lecture-based passive
learning approach. Professional skills required of
young architects and civil engineers are not limited
only to theoretical and technical knowledge anymore, but also include decision making, team dynamics, critical thinking, adaptability and versatility.
This paper presents a research on developing simulation-based teaching methodology which would
enable young engineers to acquire sufficient practical experience during the studies, as well as basic
knowledge and managing skills necessary for the
tendering and contracting procedures with emphasis
on FIDIC recommendations and EUROCODE.
Key words: education, teaching, simulation,
FIDIC, EUROCODE
1. Introduction
Rapid development in information technology has resulted in need for changing traditional
lecture-based passive learning methodology to an
active approach based both on the theory and practical knowledge. This is especially obvious in the
fields of architecture and civil engineering, where
use of computers and professional software is not
considered as a special skill anymore, but as a basic knowledge, equally important as the theoretical
one. Besides that, due to the globalization and evergrowing level of professional demands and competition, today’s engineering graduates have to meet
much higher standards than their predecessors ten or
twenty years ago. Nowadays they are not expected
to be educated and skilled only in their field of practice, but also to be skilful in decision making, problem solving, critical thinking, team work, interpersonal communication, etc. Process of globalization
156

and Bologna process have also resulted in demand
for broader education that would not be limited on
local codes of practice, but should provide broader
knowledge by including European standards given
in EUROCODE. Besides that, working in smaller
building companies also demands multitasking and
basic knowledge from the fields of economy, management and legal legislative, such as using FIDIC
recommendations in making contracts etc.
Unfortunately, majority of technical faculties
has not responded to these changes and demands.
Engineering subjects mainly remained highly theoretical and taught by the classical lecture-based
approach and outdated problem-solving exercises
[1]. In addition, the skills required by an architect
or civil engineer are so high that faculties find it
difficult to deliver adequate curriculum in four
years of undergraduate study.
Possible solution of this problem is development of new lecturing techniques based on metacognitive approach [2], i.e. teaching students how
to understand and control learning process by
establishing aims, finding and implementing the
proper strategies to fulfil them and assessing the
success of chosen approach [3,4]. Self-regulated
learning develops through four developmental phases: observing, imitation, self-control and
self-regulation [3,5]. During the observing and
the imitation phase, students depend on lecturer,
while further development of self-regulated skills
enables them to rely more on themselves and their
experiences. During self-control phase, they develop personal standards and techniques for adopting
and processing the information, while on the selfcontrol level they are aware of their own capability and have wide range of cognitive strategies that
enable them to control the learning and thinking
process. Development of metacognitive thinking
can enable students to use their prior knowledge
Volume 9 / Number 1 / 2014
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and experience in solving new problems, as well
as to learn on their own mistakes by remembering
them and the misconceptions that have led them
to wrong assumptions and conclusions. This way
of learning is similar to the acquiring knowledge
from practice, which is one of the essential skills
for an engineer. Accounting for their successes and
mistakes in a simulated environment will motivate
students to accept personal responsibility for their
decisions. When using simulation tools, the role
of the instructor is changed from a teacher to an
enabler of the learning process [6].
The adequate way to implement metacognition in higher level of professional education is to
put students into real-life situations – the ones the
practising engineers often have to cope with, such
as client’s specific demands, limited resources or
sudden changes caused by money, staff or material shortage [7,8]. A number of researchers describe various simulations and game models for
construction design and management including
planning and control of various construction projects. Agapiou [9] describes the use of an online
simulation game to deliver management, practice
and law subjects to undergraduate architecture
students. AbouRizk and Sawhney [10] developed
an Internet-based Interactive Construction Management Learning System (ICMLS) using a rich
graphical user interface, Virtual Reality Modeling
Language (VRML) and event simulation for construction management education.
This paper presents the simulation-based
methodology developed for enabling students of
architecture, civil engineering and civil construction management to implement their theoretical
knowledge while developing communication,
team-work and leadership skills, as well as to learn
how to be flexible and ready to adapt to possible
changes during the designing and building processes. Another aim of the proposed methodology
was teaching students how to use codes of practise
and standards, such as FIDIC recommendations
and EUROCODE, in realistic situations. The second section explains basic ideas and aims of the
proposed methodology and describes simulationbased approach, results of which are given in the
third section. The last section presents conclusions
and guidelines for the further researches.
Volume 9 / Number 1 / 2014

2. Research methodology
2.1 Aims of the research
Thanks to the experiences of some previous researches and results [2,11,12], the main aims of
the presented research were as follows:
1. Enabling students to systematize their
theoretical knowledge and to use it in
solving realistic tasks;
2. Introducing students to other professions
included in building design and construction,
and teaching them to understand each
other’s opinions, attitudes and professional
demands;
3. Teaching students to use codes of
practise, such as FIDIC Rainbow Suite
and EUROCODE, as well as professional
software, such as MS Project, Primavera
and TOWER;
4. Developing team-work and leadership skills,
individuality, responsibility, versatility and
adaptability;
5. Developing environmental awareness.
2.2 Participants
The research included 24 students of the last
year from departments of architecture, civil engineering and civil construction management of the
UNION Nikola Tesla University, Belgrade, Serbia.
They were divided into four project teams (four
virtual building companies), each one consisting
of two students of architecture, civil engineering
and civil construction management respectively.
Participation in research was voluntary and final
choice of participants was made according to their
average scores and previous results and marks in
engineering subjects. Designs and projects developed during the research were later used as practical parts of their bachelor thesis.
In order to develop students’ interpersonal
skills, communication abilities and team dynamics, project teams were formed randomly, regardless of interpersonal relations such as friendship,
affinities or dislikes. Leadership skills were developed by changing team leaders in each project
phase.
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2.3 Methods, techniques and apparatus
In order to gradually develop different engineering skills and abilities, the research was divided on three phases, each of which was simulation
of one realistic situation in professional practise.
2.3.1 Phase I – Conceptual design
Basic idea of this phase was to teach students of
architecture and civil engineering to work together
as a team, as well as to make them understand that
their roles are equally important in achieving the
final aims, which are:
a. meeting client’s demands and needs;
b. competitiveness of their design in tender
process.
All four teams had the same task – to design a
mountain resort with capacity of 125 beds, with
all necessary and additional facilities, such as reception, kitchen, dining hall, bar, garage, fitness
centre, spa centre etc. Client’s special demand
was that the building should visually be inspired
by traditional mountain cottage with slope roofs,
fireplaces, plenty of wood and wooden details.
Since the resort was supposed to be in the existing pine wood, additional environmental demand
was that deterioration of the natural assets should
be minimal. Therefore, the building and all the additional facilities, as well as future building site,
should be designed and placed in such a way that
would preserve as much vegetation as possible.
After the preliminary design was made by all
team members, architects had a task to develop it
sufficiently so the civil engineers had enough data
to make structural design and calculations in accordance with the EUROCODE, and thus to complete
documentation required for the tendering process.
Afterwards, jury consisting of mentors, professors and assistants discussed all four designs in
front of students (not knowing which design came
from which team), emphasized each one’s good
and bad aspects and chosen the best one, with detailed explanation of criteria that were crucial for
such decision. In this way, students had a chance
to see how the choice among different designs is
made in reality and what aspects (such as functionality, interior and exterior features, additional
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facilities, environmental awareness, etc.) can contribute to the success and acceptance of their ideas.
2.3.2 Phase II – Tender
In the second phase, students of civil contruction management had the leading role, because the
chosen design was put to tender for choice of the
contractor. Teams remained the same, but team
leaders were changed. Their task was to prepare
all necessary tender documents, which include:
a. Priced bill of quantities;
b. General documents (performance bond,
labour and aterial bond, licences, etc.)
Besides that, each team should prepare additional documentation, consisting of:
a. Specification of all works and resources;
b. Dynamic plan of project realzation (cumulative and by phases), made in aequate
software such as Primavera or MS Project;
c. Organizational structure with specified responsibilities for every participant in project;
d. Proposal of a contract in accordance
with general recommendations of FIDIC
Conditions for Contract.
After discussing and evaluating all the proposals in front of students, the evaluation committee,
consisting of professors and assistants, chosen the
best one and explained all the positive and negative aspects which influenced their opinion.
2.3.3 Phase III – Unpredicted changes
In the third phase, students were put into situation which is quite common in engineering practise – unpredicted changes of client’s demands.
The new task was as follows: after the works have
already started, the client has found a business
partner, so the total amount of money assets has
increased and consequently the capacity of the
future resort should increase by 20 %, i.e. to 150
beds. But there are also two limiting conditions:
a. total price should not be more than 15%
higher than the previous one;
b. there is no additional time for works, i.e. the
time predicted in the first version of dynamic
plan should remain the same.
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The teams remained the same and this time all
the participants had to be included in redesign process. Architects had to increase the capacity of the
resort and all additional facilities, but with the minimal possible changes of the original design or by
using different, lower-costing materials. Civil engineers had to redesign and to optimize original construction and its structural elements without endangering the stability of the structure. Civil construction managers had to analyse new design and to
make changes in technological and organizational
schemes in order to finish all the works in predicted
time. To make it possible, all the team members had
to work together and to discuss all the possibilities
for meeting contradictory client’s demands.
There was one more important task and that is
formulating the annex of the original contract in
accordance with the FIDIC recommendations.
During the team work, co-operation, consultations with mentors and trial-and-error technique,
the students had the opportunity to acquire real
engineering experience by learning on their own
successes and mistakes and to see the most critical aspects of redesigning after the works have already started.
New solutions were re-examined by the committee consisting of their mentors and professors
and the best new solution has been chosen. The
whole discussion and decision making process
were conducted in front of all participants in order to show them how does it look like in reality
and what aspects of their designs and projects demand special attention. Afterwards, students were
invited to take part in open workshop discussion
with their mentors and assistants and were given a
chance to explain their ideas, decisions and intentions during the whole project, as well as to express their opinions and attitudes towards simulation-based learning.
3. Results and discussion
All the participants of presented research have
successfully completed and accomplished their
bachelor thesis with the best grades and their answers during the final exam have shown that they
have both the theoretical knowledge and the satisfying level of so-called engineering logics, i.e.
proper and practical reasoning in accordance with
Volume 9 / Number 1 / 2014

given situation and conditions. What was especially notable and characteristic in their answers
was remarkable fact that they were able to systematize knowledge from different engineering subjects and to discuss and defend their opinion on
very professional level.
Benefits of the team-work were outstanding, because all the participants have learnt a lot about other professions, about their attitudes, needs and ways
of thinking. This was especially notable in a relationship between architects and construction engineers, because they had to learn how to co-operate,
compromise and work together in order to find the
best possible solution in given circumstances, regardless of personal opinions, attitudes or dislikes.
Students of architecture have overcome usual
beginner’s mistake of regarding their own work
only as a piece of art, and have learnt to see not
only aesthetic and functional aspect of a building
but also to consider its structure, construction and
possibility of building it in reality. They have also
learnt how to find compromise between their own
attitudes and client’s demands and wishes, as well
as how to take economic aspect of building into
consideration.
The most important thing that students of civil
engineering and civil construction management
have learnt was how to be efficient, flexible, versatile and ready to make necessary changes in a
short time.
During the workshop after the completion of
the research, students had the opportunity to express their attitudes towards simulation-based
method of learning. When asked whether they
prefer classical or simulation-based learning, all
of them answered that second way was much better, explaining it with the following reasons:
– ‘It was like working in a real building
company. I liked working in team and taking
part in solving the problems that are not
basically connected with my scope of work.’
– ‘I enjoyed tender process so much. Feeling
of competition and adrenalin rush were so
intense. This was much better and exciting
that the boring typical tasks we had to do for
other engineering subjects.’
– ‘Until this, I have known only the basic facts
about FIDIC, but now I find contracting
equally interesting as the designing process.’
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– ‘Problem of environmental protection and
preservation was very interesting, more
logical than technical in its nature.’
– ‘Now I know that I have chosen the right
faculty. I love this job!’
– Members of the final exam commission
which were not included in this research
were astonished by students’ maturity
in reasoning and remarkable awareness
of practical aspects of their designs and
projects. One of the professors said:
– ‘Their answers sounded like they are not
students but young engineers with couple of
years of practise. In fact, it was not answering
but proper and reasonable discussion.’

dents can work effectively both individually and
in groups. It will also satisfy the industry demand
for skilled workers able to work in competitive,
individual and group environment.
Further development of proposed methodology
might be achieved not only by making it obligatory for preparation of final exams at the faculties
of architecture and civil engineering, but also by
including it in curriculums of other engineering
subjects, where applicable.

4. Conclusion and guidelines for further
researches

2. Milajić A, Milovanvić M, Milovanović Z. Metacognitive Approach in Teaching Theory of Structures, Proceedings, Civil Engineering – Science and Practice.
4th International Conference, Žabljak, Montenegro,
2012; 2557–2564.

During past decade, traditional lecture-based
learning approach on technical faculties have
proven to be insufficiently effective because recommendations required for successful inclusion in
professional practice are not limited on theoretical
knowledge anymore. Nowadays, young architects
and civil engineers are expected to have additional
skills, such as decision making, team dynamics,
critical thinking, adaptability and versatility. New
teaching methodology presented in this paper,
based on simulation of working in realistic conditions, has proven to be successful and gave positive results not only in the field of knowledge and
professional skills but also considering students’
motivation and attitude towards learning process.
Another positive aspect of presented approach
is the fact that it does not require major changes or
excessive additional classes in curriculum of engineering subjects because working in groups and
competitive atmosphere produced by simulation
of realistic tender process motivates students to
do researches on their own and to learn from their
colleagues from other fields of practice. Thus,
they develop understanding for other professions
and technical demands which are not directly connected with their scope of competence.
Consequently, students’ role in this new environment is active rather than that of receptive in
the traditional system. This strategy will also encourage the instructor to explore ways where stu160
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Abstract
University education has an important role for
human beings to gain expert knowledge required
from the real life. The universities consist of various
faculties and related departments based on the expertise area to meet the demand. At this point, they
should be designed according to the requirements
of the organizations. The requests of the management and the students can be also considered. For
this purpose, the priorities of the courses can be
determined and the courses can be classified into
two subgroups, namely compulsory and elective.
This paper proposes a fuzzy MCDM and clustering
analysis approach for evaluating and classifying the
courses in terms of these requirements. A case study
is applied to an Industrial Engineering Department.
Key words: Fuzzy AHP, Fuzzy MCDM, clustering analysis, course evaluation, classification
Introduction
University education is important for sustainable development of the countries to meet the
demand of the real life. This development can be
provided by the expertise knowledge via the departments based on special education fields. The
curriculum of each department has to be adapted
to the changing conditions of the world. On the
other hand, there should be harmony within the
same departments among the universities for collaborations and accreditations. Increasing competition among the universities urges to focus on the
requests of stakeholders such as the government,
the industry, the management of the university, the
society and the students. These requests are not
only local but also global. Therefore, stakeholders expect to learn the foreign languages in other
countries, to recognize the different cultures and
education systems, to receive high quality education, etc. Unhampered mobility of the students and
higher education staff is a pre-requisite to meet
162

these expectations. The European Higher Education Area (EHEA) is provided as an open space
that allows students, graduates, and higher education staff to benefit from unhampered mobility and
equitable access to high quality higher education.
One of the strategic decisions to allow the mobility is the adaptation of the Bologna Process to the
system. This adaptation can be obtained by an efficient planning process.
Firstly, the goals and the qualifications of the
program have to be defined in the planning process. Then the course plans should be created based
on the stakeholders’ opinions. Although there are
many candidate courses in the program, the course
plans are restricted with the total credit limit of the
program. In this case, the courses can be evaluated based on the requirements of the stakeholders. The courses with high priorities can be joined
to the course plans as compulsory courses that all
the students should take. In addition the rest of the
courses can be thought as elective courses that the
students can take based on their interests. Elective
courses are really crucial part of the curriculum.
By this way, the education system can be more attractive for the stakeholders.
It is expected to open a wide variety of elective
courses. But unfortunately, there is no chance to take
all of the courses because of the total credit limit.
Therefore, an effective classification is required to
divide the elective courses into similar subgroups.
In the literature there are few studies for the
course planning problems. Kristiansen et al. [1]
studied on elective course planning. The authors
presented a model by using integer programming
and three different solution approaches were suggested, including a Branch-and-Price framework
using partial Dantzig-Wolfe decomposition. Hsia
et al. [2] analyzed the course preferences and
course completion rates of enrollees in extension education courses at a university in Taiwan
by using data mining techniques. Huang et al. [3]
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used data mining and tried to find the correlation
between the course classification of educational
training and the positions of those employees participating in educational training from the database of the China Motor Training Center.
In this study, fuzzy AHP approach is used to
evaluate the priorities of the courses and clustering analysis is applied to determine the compulsory and elective course groups. In the literature,
fuzzy AHP approach has been widely used in different decision making problems such as facility
location, vendor selection, inventory classification, quality function deployment and etc. [4, 5, 6,
7, 8, 9]. Classification approaches have been also
applied to a wide variety of fields like medicine,
manufacturing, communication, transportation,
customer relationship management (CRM) and
etc. [10, 11, 12, 13, 14] This study is varied with
the problem type and the proposed approach from
the other studies in the related field. In the next
section proposed approaches are defined. Then
an application is presented for an Industrial Engineering Department in Section 3 and finally the
conclusion is given with remarks.
2. Course Evaluation and Classification
2.1. Fuzzy MCDM Approach

ators are allowed to use fuzzy ratios in place of
exact ratios. Therefore, in this study, Buckley’s
method, Fuzzy AHP is employed to fuzzify hierarchical analysis.
Fuzzy numbers: These numbers are fuzzy subset of real numbers, representing the expansion of
the idea of the confidence interval. According to
the definition of Laarhoven and Pedrycz [18], a
triangular fuzzy number (TFN) should possess the
following basic features.
A fuzzy number A on R to be a TFN if its membership function m A ( x) : R → [0,1] is equal to

( x - L) / ( M - L) , L ≤ x ≤ M ,

m A~ ( x) = (U - x) / (U - M ) , M ≤ x ≤ U ,
0,
otherwise.


L¹M
M ¹U

......................................... (1)
where L and U stand for the lower and upper
bounds of the fuzzy number A , respectively, and
M is for the modal value. The TFN can be denoted by A = ( L, M , U ) and the following is the operational laws of two TFNs A1 = ( L1 , M 1 , U1 ) and
A = ( L , M , U ) , as shown [19]:
2

2

2

2

Addition of a fuzzy number ⊕ :

The concept of combining the fuzzy theory and
 ( L , M ,U ) ⊕ ( L , M ,U )
A=
1 ⊕ A2
1
1
1
2
2
2
MCDM referred as fuzzy MCDM (FMCDM) was
........ (2)
firstly introduced by Bellman and Zadeh [15]. Dif=
( L1 + L2 , M 1 + M 2 , U1 + U 2 ).
ferent alternatives/strategies and the criteria are defined based on various points of view from stakeSubtraction of a fuzzy number Θ :
holders. Then, a finite set of alternatives/strategies
can be evaluated in terms of multi-criteria. Choos~ ~
A1ΘA2 = ( L1 , M 1 ,U 1 )Θ( L2 , M 2 ,U 2 )
ing a suitable method to measure the criteria can
help the evaluators to process the cases to be evalu= ( L1 - U 2 , M 1 - M 2 ,U 1 - L2 )
....... (3)
ated and determine the best alternative. The course
for Li > 0, M i > 0 , Li > 0
selection can be regarded as an MCDM problem.
There are multiple criteria, various courses and
Multiplication of a fuzzy number ⊗ :
multiple decision makers in the problem.
This study uses the fuzzy AHP (FAHP) ap ( L , M ,U ) ⊗ ( L , M ,U )
proach to determine the criteria weights from sub- A=
1 ⊗ A2
1
1
1
2
2
2
jective judgments of each decision maker. =
Since
( L1 L2 , M 1M 2 ,U1U 2 ) for Li > 0, M i > 0,U i > 0.
the AHP developed by Saaty [16] is a very useful
......................................... (4)
decision analysis tool in dealing with multiple criteria decision making problem. Buckley [17] extended Saaty’s AHP to the case where the evaluVolume 9 / Number 1 / 2014
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fuzzy comparison value of criterion i to each crite-

Division of a fuzzy number Æ :
~ ~
A1ÆA2 = ( L1 , M 1 ,U 1 )Æ( L2 , M 2 ,U 2 )
= ( L1 U 2 , M 1 M 2 ,U 1 L2 )

rion, w i is the fuzzy weight of the ith criterion, can
............ (5)

for Li > 0, M i > 0 , Li > 0

Reciprocal of a fuzzy number ⊗ :
=
A1-1 (=
L1 , M 1 , U1 ) -1 (1/ U1 ,1/ M 1 ,1/ L1 )
for Li > 0, M i > 0, U i > 0.

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

Linguistic variables: Linguistic variables are
primarily used to assess the linguistic ratings given by investors for pairwise comparisons of the
importance of criteria in FAHP. Performance of
alternatives for each criterion are also used as a
way to measure by using linguistic terms as “very
good”, “good”, “fair”, “poor” and “very poor”. In
this paper, the computational technique is based
on the following fuzzy numbers defined by Mon
et al. [20] as in Table 1.
Table 1. Membership function of linguistic scale
Fuzzy
number
~
1

~
3
~
5
~
7
~
9

be indicated by a TFN, w i = ( Lwi , Mwi ,Uwi ) , where
Lwi, Mwi and Uwi are the lower, middle and upper
values of the fuzzy weight of the ith criterion.
After determining the criteria weights, the alternatives can be evaluated by using the following
steps:
Step 1. Using the measurement of linguistic
variables to demonstrate the criteria performance
by expressions such as “very good”, “good”, “fair”,
“poor”, “ very poor” the investors are asked for
conduct their subjective judgments, and each linguistic variable can be indicated by a TFN within
the scale range 0-100. Take E ijk to indicate the fuzzy
performance value of investor k towards alternative
i under criterion j, and al of the evaluation criteria
will be indicated by E ijk = ( LEijk , MEijk ,UEijk ) . This
study uses the notion of average value to integrate
the fuzzy judgment values of m investors, that is,

E
=
(1/ m) ⊗ ( E ij1 ⊕ E ij2 ⊕ ... ⊕ E ijm ) ............... (8)
ij

Scale of
fuzzy
number

Linguistic scales
Equally important (Eq)
Weakly important (Wk)
Essentially important (Es)
Very strongly important (Vs)
Absolutely important (Ab)

The end-point values LEij, MEij and UEij of the

(1,1,3)
average fuzzy number E ij can be solved by the
(1,3,5)
method by Buckley (1985), that is,
(3,5,7)
(5,7,9)
m
m
m
k
k
=
LEij (=
LE
)
/
m
;
ME
(
=
ME
)
/
m
;
UE
(
(7,9,9)
∑ ij
∑ ij
∑UEijk ) / m
ij
ij
=
k 1=
k 1 =
k 1

m

m

m

The procedure
of determining
=
LEij (=
LEijkthe
) / m;criteria
MEij (∑
=
MEijk ) / m; UEij (∑ UEijk ) / m. ....................... (9)
∑
=
k 1=
weights by FAHP
can be summarized
as follows: k 1 =k 1
Step 1. Construct pairwise comparison matrices
Step 2. According to the each criterion weight
among all the elements/criteria in the dimensions
 derived by FAHP, the criteria weight vector
of the hierarchy system. Assign linguistic terms to w j
the pairwise comparisons by asking which is the w = ( w1 ,..., w j ,...., w n )t can be obtained, whereas
more important of each two element/criteria.
the fuzzy performance matrix E of each of the
Step 2. To use geometric mean technique to de- alternatives can also be obtained from the fuzzy
fine the fuzzy geometric mean and fuzzy weights performance value of each alternative under n criof each criterion by Buckley [17] are as follows:
teria, that is, E = ( Eij ) .
ri = (ai1 ⊗ ai 2 ⊗ ... ⊗ ain )1/ n ,

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

The approximate fuzzy number Ri , of the
fuzzy synthetic decision of each alternative can

where ain is fuzzy comparison value of crite-

be shown as Ri = ( LRi , MRi , URi ) , where LRi, MRi
and URi are the lower, middle and upper synthetic
performance values of the alternative i, that is,

w i =ri ⊗ (r1 ⊕ .... ⊕ rn )

-1

rion i to criterion n, thus, ri is geometric mean of
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n

n

n

LRi =
∑ LEij × Lw j ; MRi =
∑ MEij × Mw j ; URi =
∑UEij ×Uw j ;

=j 1 =j 1 =j 1
n

n

; MRi =
∑ MEij × Mw j ; URi =
∑UEij ×Uw j ; ...................... (10)
j 1 =j 1

Step 3. Ranking the fuzzy numbers. In this
study, the procedure of defuzzification is to locate the Best Nonfuzzy Performance Value (BNP)
which is simple and practical method and there is
no need to bring in the preferences of any investors. The BNP value of the fuzzy number Ri can
be found by the following equation:
BNPi = [(URi – LRi) + (MRi – LRi)]/3 + LRi, i
....................................... (11)
According to the value of the calculated BNP
for each of the courses, the courses can be ranked
to construct the course plans. All courses can be
included into the course plans of the department.
But the total ECTS load is restricted with 240 and
at least 25% of the total credit should be elective courses in the Bologna process. Therefore,
the courses with higher BNP values are defined
as compulsory courses while the rest of them are
defined as elective courses. At this point, the elective courses have to be classified into subgroups
because of the Bologna process restriction.
2.2. Clustering Analysis
Clustering analysis is a popular data mining
technique which is used to solve classification
problems. This analysis aims to cluster cases such
as people, things and events. The entities in the
same cluster must have the most common relationship where the entities in different clusters
have minimum similarity [21].
Clustering methods can basically be classified hierarchical or partitional, deterministic or
probabilistic, hard or fuzzy. On the other hand,
the hierarchical methods can be either divisitive or
agglomerative. This classification can be seen in
Figure 1. Gupta [22] compared the agglomerative
hierarchical methods and arranged them in the order from most useful to less as complete, weighted
average, average, and single linkage. So, the complete linkage method was used for clustering.
Volume 9 / Number 1 / 2014

Figure 1. Hierarchical clustering methods
The similarity between the courses is obtained
by calculating the weighted Manhattan distance
between them. The conceptual distance can be
calculated by Eq. (12).
w1|x1,1- x2,1|+…+ w10 |x1,10- x2,10| ............. (12)
where xij represents the BNP value of the ith
course, i=1, 2, …, 31, j=1, 2, … , 10 and wj is the
BNP value for the weight of the qualification j.
The distance matrix obtained from Eq. (12) for
courses is calculated and a matrix of 31*31 dimension is obtained. Then this matrix is normalized in
order to apply clustering techniques by considering the difference of the maximum and the minimum values. After this transformation “1” states
the most dissimilar and “0” the most similar ones.
The resultant matrix is analyzed in statistical data
analysis program MINITAB 14.0 by using the
module clustering analysis.
3. Case Study
Dumlupinar University started their studies related to the Bologna process on 15th May 2009. The
Engineering Faculty and the Industrial Engineering
Department also began the adaptation studies simultaneously. According to the strategic plan of the
university, the program of the department should be
revised based on the Bologna process requirements.
In this section, an application of the proposed approach in an Industrial Engineering Department is
presented. The course plans should be constructed
based on the requirements of the government, the
industry, the management of the university, the
society and the students. These stakeholders’ requirements can be met with the adequate courses
in the course plans. Therefore the courses have to
be evaluated by considering the different kind of
165
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Table 2. The qualifications defined for the Industrial Engineering Department
ID
q1
q2
q3
q4
q5
q6
q7
q8
q9
q10

The qualifications
Engineering graduates with sufficient theoretical and practical background for a successful profession and
with application skills of fundamental scientific knowledge in the engineering practice
Engineering graduates with skills and professional background in describing, formulating, modeling and
analyzing the engineering problem, with a consideration for appropriate analytical solutions in all necessary
situations
Engineering graduates with the necessary technical, academic and practical knowledge and application
confidence in the design and assessment of machines or mechanical systems or industrial processes with
considerations of productivity, feasibility and environmental and social aspects.
Engineering graduates with the practice of selecting and using appropriate technical and engineering tools
in engineering problems, and ability of effective usage of information science Technologies, Ability of
designing and conducting experiments, conduction data acquisition and analysis and making conclusions
Engineering graduates who are aware of the importance of safety and healthiness in the project management,
workshop environment as well as related legal issues
Ability of identifying the potential resources for information or knowledge regarding a given engineering
issue The abilities and performance to participate multi-disciplinary groups together with the effective oral
and official communication skills and personal confidence
Ability for effective oral and official communication skills in Turkish Language and, at minimum, one
foreign language
Engineering graduates with motivation to life-long learning and having known significance of continuous
education beyond undergraduate studies for science and technology
Engineering graduates with well-structured responsibilities in profession and ethics
Consciousness for the results and effects of engineering solutions on the society and universe, awareness for
the developmental considerations with contemporary problems of humanity

requirements. In this case, the evaluation of the
courses becomes a multi-criteria decision making
problem. The requirements should be transformed
to the criteria by the name of qualifications. This
task was completed by the faculty management and
the qualifications are given in Table 2.
71 courses were evaluated according to the
qualifications by using fuzzy AHP based on the
stakeholders’ opinions. The qualifications are divided into two criteria as Vocational education and
technical sciences (VE&TS) and Social sciences

(SS). The AHP hierarchy is given in Figure 2.
After the construction of the hierarchy, the different priority weights of each criterion, qualification and course were calculated by using the fuzzy
MCDM approach.
Step 1. Determine the sample size (n) of the
problem by using Eq(13) [23] where p and (1-p),
α and e stand for the ratio of preferring (p=0.20)
and not preferring (1-p) the department graduates,
the significance level (α=0.05) and error (e=0.10),
respectively.

Figure 2. The hierarchical structure of evaluation
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n=

Z a2 / 2 p( 1 - p )
e2

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

The sample size was calculated as 61. In the
study, the sample size was taken as 66 stakeholders.
Step 2. Firstly criteria (VE&TS and SS) were
evaluated by 66 stakeholders with linguistic scales
and they turned into fuzzy numbers. The pairwise
comparison for a stakeholder is given in Table 3.
Table 3. Stakeholder’s pairwise comparison
VE&TS
1

VE&TS
SS

SS
1

Step 3. Geometric mean method suggested by
[15] was used to obtain the synthetic pair-wise
comparison matrix and the comparison is given in
Table 4.
Table 4. Synthetic pairwise comparison for dimensions
VE&TS

SS
(1.2528; 1.924;
3.3362)

VE&TS

1.000

SS

(0.2964; 0.5201;
0.7942)

1.000

Step 4. Fuzzy geometric means (ri) and then
fuzzy weights (wi) were calculated as follows by
using geometric mean technique by [15].
r1 = (1.119; 1.3871; 1.827),
r2 = (0.544; 0.7212; 0.891),
w1 = (0.412; 0.658; 1.098)
w2 = (0.201; 0.343; 0.536)
Step 5. BNP value of the fuzzy weights of each
criterion was determined by center of area method.
To take the BNP value of the weight of VE&TS as
an example, the calculation process is as follows:

Then, the weights of the remaining criteria and
qualifications can be found as shown in Table 5.
According to the fuzzy AHP results, vocational education and technical sciences (0.723) was found
more important than social sciences (0.360).
Each lecturer evaluated their courses under the
defined qualifications based on the expressions

Table 5. Weights of criteria and qualifications
Criteria and Qualifications
VE&TS
q1
q2
q3
q4
q5
SS
q6
q7
q8
q9
q10

Local weights
(0.412,
0.658,
1.098)
(0.052,
0.109,
0.267)
(0.122,
0.282,
0.643)
(0.089,
0.206,
0.489)
(0.116,
0.281,
0.632)
(0.055,
0.124,
0.291)
(0.201,
0.343,
0.536)
(0.118,
0.272,
0.652)
(0.085,
0.194,
0.472)
(0.097,
0.241,
0.549)
(0.071,
0.174,
0.414)
(0.052,
0.122,
0.287)

Overall weights
(0.022,
(0.051,
(0.037,
(0.048,
(0.023,

0.072,
0.186,
0.136,
0.185,
0.082,

0.294)
0.707)
0.537)
0.694)
0.320)

(0.024,
(0.018,
(0.020,
(0.015,
(0.011,

0.094,
0.067
0.083,
0.060,
0.042,

0.350)
0.253)
0.295)
0.222)
0.154)

BNP
0.723
0.129
0.315
0.237
0.309
0.142
0.360
0.156
0.113
0.133
0.099
0.069

Table 6. Range for the linguistic variables of lecturer
Expression
Fuzzy number

Very Poor
(0;0;20)

Poor
(15;30;45)

Fair
(45;60;75)

Good
(70;80;90)

Very Good
(90;100;100)

Table 7. Linguistic variables for IEE
Criteria
IEE

q1
VP

q2
VG
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q3
VG

q4
G

q5
G

q6
VG

q7
G

q8
G

q9
VG

q10
VG
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given in Table 6. “Introduction to Industrial Engineering (IEE)” course was evaluated by the lecturer as given in Table 7. The fuzzy numbers corresponding to linguistic variables in Table 6 was
created by the management and then the lecturers
used the suitable linguistic variables for the evaluation of the courses.
The synthetic performance values were calculated by using the linguistic variables and related
fuzzy numbers via simple additive weighting
technique. The score of the IEE can be calculated
as the following:
S11=((0.129x0)+…+(0.069x90)),((0.129x0)+…
+(0.069x100)), ((0.129x20)+…+(0.069x100)) =
(127.63, 143.36, 152.91)
The other scores can be calculated in the similar way. The scores and the ECTS values of the
courses are given in the Appendix. After calculations of synthetic performance values, fuzzy numbers have to be turned into nonfuzzy forms. BNP
values were also used in this phase for ranking the
courses and the results are given in the Appendix.
In the Bologna process, ECTS value of the undergraduate program courses is restricted with 240.
The elective courses have to be at least 25% of the
total ECTS in the program. Therefore, the elective
courses should be at least 60 ECTS. In addition,
the courses titled as Turkish Language I-II and History of Revolution and Principle of Atatürk I-II are
defined as compulsory courses by the Council of
Higher Education (YÖK). The sum of the ECTS
values of these courses is 8. In this case, the compulsory courses should be at most 172 ECTS.
In the program, it is proposed to give priority
to the courses which have higher scores to satisfy
the stakeholders. The courses were ranked in descending order based on the scores as given in the
Appendix. As a result of the FMCDM approach,
the courses titled Engineering Analysis, Engineering Project and Engineering Design are determined as the most preferred courses based on the
defined qualifications. These courses especially
are emphasized on the integration of the theory,
application and management of the Industrial Engineering subjects. These courses are given by
all the lecturers at the same semester in the department, so these courses have to be defined as
168

elective courses. The compulsory courses were selected respectively from i=4 to 36. In this way, the
sum of the ECTS value of the selected compulsory
courses became 170.
The courses from i=37 to 67 can be defined as
the elective courses. The ideal situation is to include all of the elective courses into the program.
But unfortunately, it is not possible to give all
of the courses as compulsory because of the total ECTS restriction. In this case, the courses can
be included into the program by classifying into
groups. The number of the elective course groups
was defined as 8 by the department. In this case,
31 courses have to be assigned to 8 groups. The
courses were classified into these groups according to their similarities. To obtain the similarity
matrix, the distances between the courses were
calculated based on the lecturers’ qualification
evaluation results by using Eq.(12). The clustering
analysis was performed by using MINITAB 14.0.
The obtained dendrogram is given in Figure 3 and
the elective course groups are given in Table 8.

Figure 3. Dendogram for cluster analysis results
As seen in Table 8, the similar courses were assigned to the same groups. On the other hand, only
one course was assigned to the Group 4 and seven
courses were assigned to the Group 2. Therefore
the groups have to be balanced based on the numbers of the courses.
4. Conclusion
In this study, a fuzzy MCDM approach combined with clustering analysis is proposed for
course planning problem and applied to an Industrial Engineering Department. In the problem, the
Volume 9 / Number 1 / 2014
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Table 8. Course groups
Group
Courses
1
Productivity Management, Decision Analysis, Nanotechnology and Nano-materials
Computer Programming and Its Applications, Artificial Neural Networks, Computer Aided Design and
2
Manufacturing, Fuzzy Logic, Visual Basic and Its Applications, Decision Support Systems, Investment
Analysis
3
Service Systems, Logistics Management, Supply Chain Management, Risk Management
4
Scheduling
5
Effective Communication, Human Resource Management, English I, English II
6
Technical English I, Technical English II, Energy Management
7
Genetic Algorithms, Design of Experiment, Data Structure and Algorithms, Stochastic Process
Network Flows and Project Management, Business Law, Markets and Firm Behaviors, Marketing
8
Management, Entrepreneurship

expectations of the stakeholders were tried to be
satisfied. The priorities of the courses were determined by the stakeholders based on the defined
qualifications. According to this result the courses
were ranked. The sum of the ECTS values of the
courses should be 240 and the percentage of the
elective course should exceed 25. In this case, the
courses with high priorities were defined as compulsory courses until the maximum ECTS limit.
The rest of the courses defined as elective and they
were classified into 8 groups based on their similarities. Therefore, a course plan was constructed by
using the proposed approach for an undergraduate
program of an Industrial Engineering Department.
In the course evaluation and classification
problem, the proposed approach can be improved
by using different techniques such as fuzzy ANP,
fuzzy TOPSIS in evaluation stage and neural networks, discriminant analysis, logistic regression
in clustering stage. The unbalanced course assignments can be seen in the clustering stages. To
avoid this drawback, alternative elective courses
can be included to the required groups. In addition, a sensitivity analysis can be used to achieve
more flexible programs in dynamic environments.
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Appendix. Synthetic performance values of alternatives
Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
170

Course Name
Engineering Analysis
Engineering Project
Engineering Design
Manufacturing Processes
Manufacturing Systems
Operations Research I
Production Management
Production Planning and Control
Ergonomics
Material Science
Quality Control
Introduction to Industrial Engineering
Work Study
System Simulation
Basic Computing Science
Management and Organization
Thermodynamics
Systems Analysis and Design

Lower Middle
148.54 165.56
148.54 165.56
148.54 165.56
105.87 125.82
142.74 160.92
140.40 157.42
138.94 155.96
138.94 155.96
130.145 148.22
129.66 146.68
129.24 148.20
127.63 143.36
112.07 131.22
109.82 130.48
110.32 129.74
103.64 125.48
104.78 123.84
103.97 124.20

Upper
167.88
167.88
167.88
145.08
164.40
163.81
163.08
163.08
158.16
158.44
157.26
152.91
146.24
146.70
142.71
143.02
138.68
135.83

BNP
160.66
160.66
160.66
125.59
156.02
153.88
152.66
152.66
145.51
144.93
144.90
141.30
129.84
129.00
127.59
124.04
122.43
121.33

ECTS
8
5
6
6
4
6
4
6
5
5
5
4
4
5
4
4
5
5
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

Technical Drawing
103.04
General Economics
97.645
Engineering Mechanics
97.525
Int.to Information Technologies and Applications 100.115
Facility Design and Planning
99.075
Engineering Economics
96.895
Operations Research II
96.735
Cost Accounting
91.825
Physics I
97.575
Physics II
97.575
Mathematics IV
97.575
Mathematics I
97.575
Mathematics II
97.575
Mathematics III
97.575
Probability
97.575
Statistics I
97.575
Statistics II
97.575
Chemistry
90.940
Productivity Management
90.460
Computer Programming and Its Applications
87.400
Artificial Neural Networks
87.400
Computer Aided Design and Manufacturing
87.400
Fuzzy Logic
87.400
Visual Basic and Its Applications
87.400
Decision Support Systems
87.400
Service Systems
87.870
Logistics Management
87.580
Effective Communication
85.590
Human Resource Management
85.615
Investment Analysis
80.725
Technical English I
82.965
Technical English II
82.965
Energy Management
76.165
Scheduling
77.520
Genetic Algorithms
79.015
Supply Chain Management
73.785
Decision Analysis
69.360
English I
71.560
English II
71.560
Design of Experiment
74.655
Risk Management
70.620
Network Flows and Project Management
70.830
Stochastic Process
68.880
Nanotechnology and Nano-materials
61.290
Data Structure and Algorithms
64.440
Entrepreneurship
58.975
Business Law
51.120
Markets and Firm Behaviors
38.130
Marketing Management
38.130
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122.02
119.48
118.97
118.52
119.31
118.01
114.63
113.63
113.40
113.40
113.40
113.40
113.40
113.40
113.40
113.40
113.40
112.66
111.95
110.09
110.09
110.09
110.09
110.09
110.09
110.64
109.64
108.27
105.65
104.75
105.43
105.43
99.480
97.050
95.450
94.860
94.890
92.800
92.800
90.720
90.600
91.260
85.080
86.820
79.740
74.870
64.410
46.740
46.740

136.92
140.03
139.13
134.90
134.03
135.98
130.13
135.44
128.51
128.51
128.51
128.51
128.51
128.51
128.51
128.51
128.51
133.25
133.44
132.78
132.78
132.78
132.78
132.78
132.78
131.04
131.70
126.81
125.12
128.78
124.23
124.23
119.79
118.84
115.88
118.195
120.42
113.93
113.93
112.16
115.42
114.27
109.56
112.35
103.53
96.375
86.970
75.150
75.150

120.66
119.05
118.54
117.84
117.47
116.96
113.83
113.63
113.16
113.16
113.16
113.16
113.16
113.16
113.16
113.16
113.16
112.28
111.95
110.09
110.09
110.09
110.09
110.09
110.09
109.85
109.64
106.89
105.46
104.75
104.21
104.21
98.477
97.803
96.780
95.613
94.890
92.763
92.763
92.510
92.213
92.120
87.840
86.820
82.570
76.740
67.500
53.340
53.340

5
3
6
3
6
5
6
5
6
6
6
6
6
6
6
6
6
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
4
4
5
5
5
5
5
5
5
5
5
5
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Abstract
In this study, an application is carried with the
grade data of the students of Business Administration Department, Faculty of Economics and Administrative Sciences of Cumhuriyet University
based on data mining method. The main purpose
of this study is to examine whether there is an association rule between the courses that students have
succeeded and/or failed by using their grade data.
For this purpose, Association Rules Method was
used and analyses are carried on existing grade
data by Apriori and FP-Growth Algorithms of this
rule. The rules between the courses that students
are successful are analyzed by Apriori algorithm
while the rules of failed courses are analyzed by
FP-Growth algorithm. In consequence of these
analyses, association rules are determined both between successful courses and unsuccessful courses. Therefore, the result of the study recommends
students to add the courses with respect to determined association rules while registration process
for the purpose of increasing their achievement.
Key words: Data Mining, Association Rules,
Data Warehouse, Apriori Algorithm, FP-Growth
Algorithm
1. Introduction
Institutions store their data for many reasons and
they try to produce useful and utilizable information
from such data. In this way they try to determine
various habits of their members (such as consumption habits) and to develop strategies aiming to foster
the loyalty of their members to the institution by carrying studies addressing such habits. One important
technique utilized for this purpose is data mining.
Data mining is a technique that can generate useful
and utilizable data from huge amount of data.
Association rules mining is one of the commonly used type of data mining. In this method which
is also known as “Association Rule”, “Association
172

Analysis” and “Market Basket Analysis” the main
focus of research is of the consumption habits of
the customers. In consequence, decisions are made
concerning the question of ”which product should
be placed near which product on the shelves of the
stores.” For example, the main goal is to create a
perception that will lead the customer to purchase
the other product while purchasing one.
In this study, efforts are made to determine
whether there is an association rule between the
courses that students have succeeded and/or failed
and if any, whether such rule’s confidence level is
high or not. The level of confidence also indicates
the level of association rule. The rest of the paper is
organized as follows. In the sections second, third
and fourth illustrative explanations related to the
topic of Association Rules Mining and the utilized
algorithms are discussed. In the fifth section, studies in the literature are reviewed. The sixth section
is devoted to dataset and method. In the seventh
section, the application made on the course grades
of the students in the Business Administration Department of Economic and Administrative Sciences Faculty at Cumhuriyet University is detailed.
2. Association Rules Mining
Data mining is known as a knowledge discovery process of analyzing data from different point
of views. It involves using the data to work out
into useful information which can be applied in
various application, including advertisement, bioinformatics, database marketing, fraud detection,
e-commerce, health care, security, web, financial
forecasting etc [1].
According to the Gartner Group, “Data mining is the process of discovering meaningful new
correlations, patterns and trends by sifting through
large amounts of data stored in repositories, using
pattern recognition technologies as well as statistical and mathematical techniques” [2].
Volume 9 / Number 1 / 2014
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Data warehouse is a subject-oriented, integrated, time-variant, non-updatable collection of data
used in support of management decision-making.
A data warehouse is the data (meta/fact/dimension/aggregation) and the process managers (load/
warehouse/query) that make information available, enabling people to make informed decisions.
Before the use of data warehouse, companies used
to store data in separate databases, each of which
were meant for different functions [3].
Association rules are one of the major techniques
of data mining and it is perhaps the most common
from of local-pattern discovery in unsupervised
learning systems. It is a form of data mining that
most closely resembles the process that most people think about when they try to understand the
data-mining process; namely, “mining” for gold
through a vast database. The gold in this case would
be a rule that is interesting, that tells you something
about your database that you didn’t already know
and probably weren’t able to explicitly articulate.
These methodologies retrieve all possible interesting patterns in the database. This is a strength in
the sense that it leaves no stone unturned, but it can
be viewed also as a weakness because the user can
easily become overwhelmed with a large amount of
new information, and an analysis of their usability
is difficult and time-consuming [4].
The goal of association rules is to detect relationships or associations between specific values
of categorical variables in large data sets. This
technique allows analysts and researchers to uncover hidden patterns in large data sets [5].
Association rules were developed in the field of
computer science and are often used in important
applications such as market basket analysis, to measure the associations between products purchased
by a particular consumer, and web click stream
analysis, to measure the associations between pages
viewed sequentially by a website visitor. In general,
the objective is to underline groups of items that
typically occur together in a set of transactions [6].
Market basket analysis has the objective of indentifying products, or groups of products, that
tend to occur together (are associated) in buying
transactions (baskets). The knowledge obtained
from a market basket analysis can be very valuable; for instance, it can be employed by a supermarket to reorganize its layout, taking products
Volume 9 / Number 1 / 2014

frequently sold together and locating them in close
proximity. But it can also be used to improve the
efficiency of a promotional campaign: products
that are associated should not be put on promotion
at the same time. By promoting just one of the associated products, it should be possible to increase
the sales of that product and get accompanying
sales increases for the associated products [6].
3. Support and Confidence
The two statistics that were used initially to describe these relationships were support and Confidence. These are numeric values. To describe them
we need to define some numeric terms. Let D be
the database of transactions and N be the number
of transactions in D. Each transaction Di is an item
set. Let support (X) be the proportion of transactions that contain item set X:

Support ( X ) = {I | I Î D Ù I ⊇ X } / N
Where I is an item set and |.| denotes the cardinality of a set. The support of an association rule is
the proportion of transactions that contain both the
antecedent and the consequent. The confidence of
an association rule is the proportion of transactions containing the antecedent that also contains
the consequent. For an association
A →C,
Support ( A ⇒ C ) = Support ( A È C )
Confidence( A ⇒ C ) = Support ( A È C ) Support ( A).

If support is sufficiently high (and the transactions represent a random sample from the same
data distribution as future transactions), then confidence is a reasonable estimate of the probability
that any given future transaction that contains the
antecedent will also contain the consequent [7].
4. Utilized Algorithms
Two of the commonly utilized algorithms on
association rules are Apriori and FP-Growth Algorithms. Apriori is a seminal algorithm proposed by
R. Agrawal and R. Srikant in 1994 for mining frequent itemsets for Boolean association rules [8]. It
explores the level-wise mining Apriori property that
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all nonempty subsets of a frequent itemset must also
be frequent [8] The name of the algorithm is based
on the fact that the algorithm uses prior knowledge
of frequent itemset properties, as we shall see following. Apriori employs an iterative approach
known as a level-wise search, where k-itemsets are
used to explore (k+1) itemsets. First, the set of frequent 1-itemsets is found by scanning the database
to accumulate the count for each item, and collecting those items that satisfy minimum support. The
resulting set is denoted L1. Next, L1 is used to find
L2, the set of frequent 2-itemsets, which is used to
find L3, and so on, until no more frequent k-itemsets
can be found. The finding of each Lk requires one
full scan of the database. To improve the efficiency
of the level-wise generation of frequent itemsets, an
important property called the Apriori property, presented below, is used to reduce the search space. We
will first describe this property, and then show an
example illustrating its use [8].
The Apriori algorithm uses a generate-andcount strategy for deriving frequent itemsets. Candidate itemsets of size k+1 are created by joining
a pair of frequent itemsets of size k (this is known
as the candidate generation step). A candidate is
discarded if any one of its subsets is found to be
infrequent during the candidate pruning step [9].
General structure of Apriori Algorithm is as
follows [7]:
L1 = {frequent one-item sets}
for k = 2; Lk-1 ¹ Æ; k++ do begin
Ck = {{ x1, x2, …, xk-2, xk-1, xk} ½ {x1, x2, …, xk-2,
xk-1} Î Lk-1 Ù
{x1, x2, …, xk-2, xk}ÎLk-1}
for all_transactions t Î D do begin
for all candidates c Î Ck Ù c Í t do
c.count++;
end
Lk= {cÎCk ½c.count ³ minsup}
end
return Uk Lk;
FP-Growth Algorithm is the most known algorithm after Apriori algorithm. Frequent pattern
growth (FP-Growth) is a method of mining frequent itemsets without candidate generation. It constructs a highly compact data structure (an FP-tree)
to compress the original transaction database. Rather than employing the generate-and-test strategy of
174

Apriori-like methods, it focuses on frequent pattern
(fragment) growth, which avoids costly candidate
generation, resulting in greater efficiency [8].
General structure of FP-Growth Algorithm is
as follows [8]:
Procedure FP-Growth (tree, a)
if Tree contains a single path P then
for each combination (denoted as b) of nodes
in path P
generate pattern b È a with support_count =
minimum support count of nodes in b;
else for each ai in the header of Tree{
generate pattern = aiÈa with support_count =
ai. support_count;
consruct b’s conditional pattern base and then
b’s conditional FP-Tree Treeb
if Treeb ¹ 0 then
call FP-Growth(Treeb,b);}
5. Literature Review
There are many studies examining various data
sets in the literature. One of these is carried by
DIMIĆ et al. [10], by collecting student data utilizing Moodle electronic learning materials and these
data were analyzed by classification, clustering and
as well as by association rules technique. Ivancsy et
al. [11] have compared the advantages and disadvantages of the most popular algorithms of association rules. According to their findings, Apriori and
FP-Growth algorithms on semantic datasets generated by dataset generator downloaded from IBM
website and propounded those cubic algorithms of
both algorithms display better performance. Tanbeer SK, et al. [12] have developed association
rules with Sensor pattern Tree (SP-tree) based on
FP- Growth algorithm from Wireless Sensor Networks data. Kumar and Rukmani [13] have generated association rules from web log files utilizing
Apriori and FP-Growth algorithms.
Wang et al. [14], have applied Fuzzy FP-Growth
algorithm and standard Apriori algorithm on two
different datasets and found that Fuzzy association rules display better performance on both cases.
Abdalla [15] has inspected static and dynamic data
mining processes and presented a solution for dynamic data mining. Babu and Bhuvaneswari [16]
have implemented Association Rules Mining to
customer relations management by using customer
Volume 9 / Number 1 / 2014
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data of a company. Umarani and Punithavalli [17]
have carried out analyses with different association
rules mining algorithms on real life data such as retail sales data and market basket data.
6. Dataset and Method
In this study, the course grades of the students
in the Business Administration Department of
Economic and Administrative Sciences Faculty at
Cumhuriyet University are used as data. Dual shift
education takes place in Business Administration
Department. Data belong to both daytime education and evening education students. In this context,
35,226 observations for 618 students are entered.
The data for the students attending the Business
Administration department between 2007-2008
and 2011-2012 educational years were received
in Excel format from the Presidency of Information Technologies Department at Cumhuriyet University. Data warehouse is formed by using Excel
macros. The rules for the courses in which students
were successful are determined with Apriori algorithm while the rules for failed courses are determined with FP-Growth algorithm.
According to the curriculum requirements of
Cumhuriyet University, the students failing from
the received courses have to repeat the courses the
following year. This continues until the student
passes from the relevant course. In this study, the
success or fail status of the students when they have
received the course for the first time are taken into
consideration. As such, the goal has been to configure whether there are association rules between the
courses that students have succeeded or failed.
During preparation of data warehouse, in case
of success of the course a value “1” and in case of
failure a value “0” is assigned. For courses where
no information is mentioned such as “Pass” or
“Fail” a “?” is assigned.
7. Application
In this study, WEKA Program (Waikato Environment for Knowledge Analysis) version 3.6.7
developed by Waikato University is used. WEKA
program is software with open source code. This
program supports many algorithms of classification,
clustering and association rules. WEKA supports
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databases and URL addresses where data are available along with the text based arff, arff.gz, names,
data, csv, c45, libsvm, dat, bsi, xrff, xrff.gz file types.
In Table 1, the codes and names of the courses
given in Business Administration Department are
listed.
Table 1. Codes and names of the courses in business administration department
Line

Code

1

ATA1001

2

ATA1002

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

CLS3024
ENF1001
ENF1002
GSB1001
IKT1003
IKT1004
IKT2001
IKT2002
IKT2010
IKT3011
IKT3013
IKT4012
ISL1001
ISL1002
ISL1003
ISL1004
ISL1005
ISL1006
ISL1008
ISL2001
ISL2002
ISL2003
ISL2004
ISL2005
ISL2006
ISL2007
ISL2008
ISL2009
ISL2010
ISL2011
ISL2012
ISL3001
ISL3002
ISL3003
ISL3004
ISL3005

Course Title
Atatürk’s Principles and History
Of Turkish Revolutions -I
Atatürk’s Principles and History
Of Turkish Revolutions -II
Labor Law
Basic Information Technology
Basic Computer Sciences
Elective Courses (Music)
Introduction to Economics -I
Introduction to Economics -II
Micro Economics
Macro Economics
Public Finance
Money and Banking
Turkish Economy
Turkish Taxation System
Mathematics I
Mathematics II
Introduction to Business
Law of Obligations
Accounting I
Business Administration
Accounting I
Statistics I
Statistics II
Information Processing -I
Information Processing -II
Commercial Law -I
Commercial Law -II
Inventory - Balance Sheet
Corporation Accounting
Introduction to Marketing
Marketing Management
Management and Organization
Public Relations
Cost Accounting –I
Cost Accounting –II
Production Management –I
Production Management -II
Financial Management - I
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39
40

ISL3006
ISL3007

41

ISL3008

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

ISL3009
ISL3010
ISL3012
ISL3014
ISL3015
ISL4000
ISL4003
ISL4004
ISL4005
ISL4006
ISL4007
ISL4008
ISL4009
ISL4010
ISL4014
ISL4016
KYT1003
KYT1011
TUR1001
TUR1002
YDI1005
YDI1006
YDI3005
YDI3006
YDI4009
YDI4010

Financial Management - II
Business Mathematics
International Marketing and
E-Commerce
Human Resources Management
Business Policy
Behavioral Sciences
Quality Control
Management Information System
Graduation Project
Financial Statement Analysis
Decision Making Techniques
Operations Research
Capital Market
Marketing Research
Auditing
Investment and Project Evaluation
Computerized Accounting
Entrepreneurship
Inflation Accounting
Introduction to Law
Scientific Research Methods
Turkish Language – I
Turkish Language - II
English – I
English – II
Professional English -I
Professional English -II
Professional English -III
Professional English -IV

Some courses in the table (such as ATA1001,
TUR1001) were left out in the analysis. Those
courses are commonly required in all departments.
In addition, it is difficult to establish direct relevance
of these courses with the core curriculum objectives
of department of business administration.
7.1. Best Rules Found with Apriori Algorithm
Best 30 rules found with Minimum support: 0.4
and Minimum confidence: 0.9 are in the following
Table 2. The association rules between succeeded
lessons are set forth with this algorithm.

Table 2. Best 30 Rules Generated with Apriori
Algorithm
1. IKT2002=1 IKT3011=1 267==>ISL3003=1 266 conf:(1)
2. ENF1001=1 IKT2002=1 ISL3005=1 248 ==> ISL3003=1
247 conf:(1)
3. IKT2002=1 ISL3005=1 273==>ISL3003=1 271 conf:(0.99)
4. IKT3011=1 ISL2006=1 262==>ISL3003=1 260 conf:(0.99)
5. IKT3011=1 ISL3005=1 287==>ISL3003=1 284 conf:(0.99)
6. ISL2006=1 ISL3005=1 264==>ISL3003=1 261 conf:(0.99)
7. ENF1001=1 IKT3011=1 263==>ISL3003=1 260 conf:(0.99)
8. IKT2001=1 IKT3011=1 263==>ISL3003=1 260 conf:(0.99)
9. ISL2011=1 ISL3005=1 254==>ISL3003=1 251 conf:(0.99)
10. IKT3011=1 312 ==> ISL3003=1 308 conf:(0.99)
11. IKT3011=1 ISL2009=1 260==>ISL3003=1 256 conf:(0.98)
12. ISL2010=1 ISL3005=1 260 ==> ISL3003=1 255
conf:(0.98)
13. ISL2005=1 ISL3005=1 256 ==> ISL3003=1 251
conf:(0.98)
14. ISL1006=1 ISL3005=1 254 ==> ISL3003=1 249
conf:(0.98)
15. ENF1001=1 ISL3005=1 274 ==> ISL3003=1 268
conf:(0.98)
16. IKT2001=1 ISL3005=1 272 ==> ISL3003=1 266
conf:(0.98)
17. ISL2009=1 ISL3005=1 269 ==> ISL3003=1 262
conf:(0.97)
18. ISL1004=1 ISL3005=1 261 ==> ISL3003=1 254
conf:(0.97)
19. ISL3005=1 328 ==> ISL3003=1 319 conf:(0.97)
20. ENF1001=1 IKT2001=1 IKT2002=1 256 ==> ISL3003=1
247 conf:(0.96)
21. IKT2001=1 IKT2002=1 284 ==> ISL3003=1 272
conf:(0.96)
22. IKT2001=1 ISL2006=1 259 ==> ISL3003=1 248
conf:(0.96)
23. IKT2002=1 ISL2006=1 264 ==> ISL3003=1 252
conf:(0.95)
24. ENF1001=1 IKT2002=1 287 ==> ISL3003=1 273
conf:(0.95)
25. IKT2001=1 ISL1004=1 ISL1005=1 261 ==> ISL2009=1
248 conf:(0.95)
26. IKT2001=1 ISL1006=1 267==>ISL3003=1 253
conf:(0.95)
27. IKT2002=1 ISL2010=1 284 ==> ISL3003=1 269
conf:(0.95)
28. IKT2002=1 ISL1006=1 277 ==> ISL3003=1 262
conf:(0.95)
29. ISL2005=1 KYT1003=1 266 ==> ISL2009=1 251
conf:(0.94)
30. ISL1006=1 ISL2009=1 265 ==> IKT2002=1 250
conf:(0.94)

Left of==> sign in rules generated with Apriori
Algorithm indicates the first condition of the rule
while the right side indicates the second condition.
At the end of each line the confidence level of the
respective rule is shown. For instance 266 of the
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267 students succeeding in IKT2002 coded Macro Economics and IKT3001 coded Money-Bank
have also succeeded in ISL3003 coded Production
Management-1 with a confidence level 1. In some
of the rules, there can be only one course available
on both sides of the equation. For instance, according to the rule specified in row 19, 319 of 328
students succeeding in ISL3005 coded Financial
Management-1 have also succeeded in ISL3003
coded Production Management-1 with 0.97 confidence level. Similar explanations can be made
for other rules generated with Apriori Algorithm.
7.2. Rules Found with FP-Growth Algorithm
Best 30 rules found on the same data with FPGrowth algorithm are in the Table 3. Association
rules between failed courses are set forth with this
algorithm.
Table 3. Best 30 Rules Generated with FP-Growth
Algorithm
1. ISL1005=0, ISL2008=0: 67 ==> ISL1008=0: 65
conf:(0.97)
2. ISL1005=0, IKT1003=0, ISL1004=0: 64 ==>
ISL1008=0: 62 conf:(0.97)
3. ISL2007=0, ISL1005=0, IKT1003=0: 81 ==>
ISL1008=0: 78 conf:(0.96)
4. ISL1005=0, ENF1002=0: 70 ==> ISL1008=0: 67
conf:(0.96)
5. ISL1008=0, ISL2011=0, IKT2001=0: 70 ==>
ISL2007=0: 67 conf:(0.96)
6. ISL1008=0, ISL2005=0, ISL2011=0, ISL1004=0: 70
==> ISL2007=0: 67 conf:(0.96)
7. ISL1008=0, ISL2005=0, KYT1003=0, ISL2011=0: 67
==> ISL2007=0: 64 conf:(0.96)
8. ISL1005=0, ISL2011=0, ISL1004=0: 66 ==>
ISL1008=0: 63 conf:(0.95)
9. ISL1005=0, ISL2011=0, ISL1004=0: 66 ==>
ISL2007=0: 63 conf:(0.95)
10. ISL1005=0, IKT1004=0: 65 ==> ISL1008=0: 62
conf:(0.95)
11. ISL1005=0, KYT1003=0, ISL1004=0: 65 ==>
ISL1008=0: 62 conf:(0.95)
12. ISL1005=0, ISL1004=0: 107 ==> ISL1008=0: 102
conf:(0.95)
13. ISL2005=0, ISL1005=0, ISL1004=0: 81 ==>
ISL1008=0: 77 conf:(0.95)
14. ISL2005=0, ISL1005=0, ISL2011=0: 81 ==>
ISL2007=0: 77 conf:(0.95)
15. ISL2005=0, ISL1005=0, ISL1004=0: 81 ==>
ISL2007=0: 77 conf:(0.95)
16. ISL1008=0, ISL2011=0, ISL1004=0: 80 ==>
ISL2007=0: 76 conf:(0.95)
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17. ISL1008=0, ISL2005=0, ISL1005=0, ISL1004=0: 77
==> ISL2007=0: 73 conf:(0.95)
18. ISL2007=0, ISL2005=0, ISL1005=0, ISL1004=0: 77
==> ISL1008=0: 73 conf:(0.95)
19. ISL2007=0, ISL1005=0, ISL1004=0: 92 ==>
ISL1008=0: 87 conf:(0.95)
20. ISL1008=0, IKT1003=0, IKT1004=0: 73 ==>
ISL2007=0: 69 conf:(0.95)
21. ISL1008=0, ISL2005=0, ISL1005=0, ISL2011=0 73
==> ISL2007=0: 69 conf:(0.95)
22. ISL2007=0, ISL2005=0, ISL2011=0, ISL1004=0: 71
==> ISL1008=0: 67 conf:(0.94)
23. IKT1003=0, ISL2002=0: 69 ==> ISL2007=0: 65
conf:(0.94)
24. ISL1008=0, IKT1004=0: 84 ==> ISL2007=0: 79
conf:(0.94)
25. ISL1008=0, IKT1003=0, ISL2011=0: 67 ==>
ISL2007=0: 63 conf:(0.94)
26. ISL1008=0, ISL2005=0, ISL2011=0: 109 ==>
ISL2007=0: 102 conf:(0.94)
27. ISL2005=0, ISL2011=0, ISL1004=0: 76 ==>
ISL2007=0: 71 conf:(0.93)
28. ISL2007=0, IKT1003=0, ISL1004=0: 75 ==>
ISL1008=0: 70 conf:(0.93)
29. ISL2005=0, KYT1003=0, ISL2011=0: 75 ==>
ISL2007=0: 70 conf:(0.93)
30. ISL1005=0, ISL2011=0: 102 ==> ISL2007=0: 95
conf:(0.93)

Left of==> sign in rules generated with FPGrowth Algorithm also indicates the first condition of the rule while right side shows the second
condition. At the end of each line confidence level
of respective rule is reported. For instance 65 of 67
students who failed in ISL1005 coded Accounting1 also failed in ISL1008 coded Accounting II with
0.97 confidence level. 62 of 64 students who failed
from ISL1005 coded Accounting-1 and IKT1003
coded Introduction to Economy-1 and ISL1004
coded Law on Obligations have also failed ISL1008
coded Accounting II with 0.97 confidence level.
Similar explanations can be made for other rules
generated with FP-Growth Algorithm.
8. Conclusion
In this study, the data on the course grades of
the students are analyzed with Association Rules
method which is one of the data mining techniques. According to the analyses, it is proposed
that there are association rules between the courses succeeded as well as between those which are
failed. While allowing students to enroll in new
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courses even if they fail, some restrictions are in
place in the data environment. These limitations
concern credit/hour limitations for the courses to
be taken by students. According to the results set
put forth in this study, a student failing from any
course in the beginning is likely to be unsuccessful
in the courses to be received in the following years
as a result of the association rule with the previous failed one. Therefore, the courses that student
would likely to be unsuccessful in upper level may
not be open to the student who cannot succeed a
connected course in the lower classes. Since it is
shown that that there are association rules between
the courses succeeded, the students in the upper
classes may be encouraged to take these courses
which indicate association rules with the previously succeeded ones.
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Abstract
For a quality education, higher education institutions should be able to give the right decision by
means of administrative and educational aspect.
The matters such as academic planning’s being
done missing or incorrect, students’ being unsuccessful, determining the roadmap for graduates, students’ dropping out of school are higher education
institutions’ problems. Solving these problems and
taking measures are very important for education’s
quality. There is a bulk of increasing data belonging
to education of higher education institutions. These
increasing data has nothing to do with administration, educators and education. These data can be
meaningful by processing with the methods of data
mining, estimations can be done with higher accuracy rate and measures can be taken. Data mining
methods are powerful tools for academic interventions. In this study, some methods of data mining,
classification, clustering, association rules are applied to the data of dropping out of school students.
Thanks to the methods of data mining, by getting
meaningful information from students’ dropping
out of school, measures can be taken for the students that have a risk of dropping out of school. The
statistical data concerning the students who drop
out of school and results that are gathered thanks to
data mining are given in a detailed way.
Key words: educational data mining, higher
education, drop out, classification, clustering, association rules.
1. Introduction
Similar to the many institutions, higher education
institutions produce large size database. Students,
lectures, academic and administrative persons,
management systems and etc. in a higher education
institution are strategic data. Higher education institutions take precautions based on analyzing strateVolume 9 / Number 1 / 2014

gic data to reveal significant information to provide
an augmentation of the education quality. Analyzing the data and revealing the significant information by using the statistical methods may not be
always useful. In these cases, data mining methods
are used to analyze and manipulate the data.
Higher education institutions focus on to predict the road maps of students and graduates. Institutions want to know the answers of several
questions such as; which students will attend
private tutoring programs, which students need
academic orientation to graduate from school or
which students may break away. The answers of
such questions are important for institutions and
the answers to these questions can be found with
data mining methods [1]. Delavari et al. [2], designed a decision system which uses data mining
skills for higher education institutions. He aimed
determining the student performance in Programming II course which is one of the most significant
lessons in Information Technologies Faculty by
using decision tree classification method. Fuller et
al. [3] collected data from the National Survey of
Student Engagement across seven years and used
to predict final, cumulative grade point averages.
In their study, they suggested approaches for the
responsible use of cross-sectional and longitudinal data in educational research. Vranic et al. [4]
aimed a better understanding on the behavior and
the learning ability of the students on a variety of
topics in the Electrical Engineering Fundamentals
course. In addition, based on the previous year
achievements on this course, he tried to predict the
next year performance of the students by using the
data mining techniques. In his study, Karabatak
and Ince [5] took all the courses of students into
account and revealed the relationships between all
scores during four years of education process with
the association rule. Thus, the scores that students
will get in the future are predicted. Nasser and
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Fresko [6] examined the relationship between student ratings and instructors’ predictions of these
ratings, taking into account other instructor, student, and course characteristics. Zaiane and Luo
[7] discussed the availability of data mining and
machine learning techniques for a better estimation of educators and learning processes in the design of web-based learning environment. Erdoğan
and Timor [8] categorized students according to
their characteristics by using K- means algorithm
which is one of the clustering analysis methods
in order to reveal the relationship between students’ university entrance exam results and their
achievements. Romero et al. [9], applied data
mining techniques such as association rule, clustering, classification to Moodle data which is one
of education and learning management systems.
E-learning administrators and educators have
been aimed to be introduce both theoretically and
practically. Thanks to the software that was developed by Shannaq [10], the number of students that
will enroll to school is predicted with decision tree
method. Thus, administrators will be able to prepare the necessary resources for new students who
will register. Jadric et al. [11] examined the drop
out status of the students by using data mining according to students’ school types and entry scores.
Moreover, the author emphasized that applications
of data mining are not sufficient in this area, yet.
Hovdhaugen [12], examined student departure
from university, based on data from a survey of
undergraduate university students in Norway conducted in 2005. Buldu and Üçgün [13] prepared
school automation software. With this prepared
software, they carried out apriori algorithm upon
the data of students. They obtained the relation
between the courses that the students failed. Loyens et al. [14] investigated the impact of students’
conceptions of constructivist learning activities on
academic achievement and drop out.
In this study, keeping the private data (name,
surname, identity number) secret, dropping out
of school students’ other data (hometown, gender
etc) has been gathered from Firat University Student Affairs and Student Affairs Automation. Data
mining methods have been applied on this data.
Both statistical data and the results that are gained
with classification, clustering and association rules
of data mining methods have been given.
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2. Methodology
In this study, data mining methods have been
used to discover meaningful data in the data set.
Data mining is the process of discovering meaningful new correlations, patterns, and trends by
sifting through large amounts of data stored in repositories, and by using pattern recognition technologies, as well as statistical and mathematical
techniques [15]. Thus, the results which are obtained by data mining methods in students’ dropping out of school analysis will contribute to administrators and educators a lot. Matlab and Excel
data mining tool have been used to analyze the
data. The results which are obtained have been
given in “Analysis Results” part.
2.1. Data Mining
Data mining can be defined as a combination of
an explicit knowledge base, sophisticated analytical skills, and domain knowledge to uncover hidden patterns. These patterns construct the several
bases of predictive models that enable analysts to
produce new observations from existing data [16].
Data mining techniques usually fall into two categories, predictive or descriptive. Predictive data
mining uses historical data to infer something about
future events. Descriptive data mining aims to find
patterns in the data that provide some information
about what the data contains [17]. It is possible to
classify data mining models into three categories
such as; classification and regression, clustering
and association rules according to their functions.
2.1.1. Classification and Regression Models
Classification and regression is one of the most
commonly used methods in data mining. Classification is utilized in the event of making a prediction about future situations with reference to
available data and aims at classifying a new data
element which is predetermined [18]. The main
difference between classification and regression
is that foreseen dependent variable’s having a
categorical or a continuous value. However, both
models are gradually coming close to each other
and as a result of this it is possible to benefit from
same methods. Decision trees and artificial neural
Volume 9 / Number 1 / 2014
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networks (ANN) are mainly used techniques in
the classification and regression models.
Decision trees technique is a very powerful
classification and estimation way. It is one of the
data mining methods in which controlled learning
is used. It has a much more understandable language in comparison to other data mining methods. Also, as well as the success of the model, its
investigating how a successful and unsuccessful
model works, makes this method different in comparison with other methods [19].
ANN is an integrated structure which takes the
object wanted to be identified as input and produces
an answer that determines the class of this object in
one of the output units. It consists of various nonlinear calculation elements’ parallel processing.
Parallel structures of ANN make ANN superior
by using computers much more different than traditional methods and fulfilling functions which are
impossible or too difficult to be done easily, especially on serial computers with the known methods
(voice and pattern recognition etc) [20].
2.1.2. Clustering
Clustering is a method which sub-classifies
the data in the database. The elements which take
place in each group resemble to each other a lot,
but the factors whose features are different are in
different groups. On the onset, how to classify the
records in the database or which features to have
is not known and these features are determined by
an expert of the subject.

As it can be seen in figure 1, the aim of clustering analysis is to collect the objects similar to each
other in the same group. The intention is the closest objects’ being chosen on a geometrical distance
basis. For this reason, objects need to be numerical
value [21]. In this study, clustering has been done
taking the similarities between data into account.
2.1.3. Association rule
Nowadays, the data in various fields are kept on
database and computer. One of the methods which
is used to gather significant and intended information from these data is association rules. Association
rules are to reveal frequently repeated production
associations on a database by scanning all production associations on a database which is thought to
consist of product’s association of each process and
which consists of processes [22]. The association
rule which is generally applied to data of big supermarkets is called as market basket analysis. Many
institutions aim at gaining big favor by using market basket data. In a supermarket the results such
as: ‘if the customers who buy X product are known
to buy Y product most likely or if a customer buys
X product but he does not buy Y product’ are so
important information for a supermarket and these
information are gained by association rule.
The process of finding association rule whose
practice on big data bases is a quite expensive operation is a process which is based on intense object
group calculation. Thus, the protection of pre- determined association rules is also an important matter [23]. Association rule has a wide area of usage
and is used to determine the objects’ being together
situations or qualities. In this study, the profile of
students dropping out of school has been developed
by using association rule and to get the relationships between student qualifications is aimed.
2.2. Data Collection and Preparation

Figure 1. Clustering
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The data of 2475 students who dropped out of
school for various reasons has been given. However, as 21 of it have incoherent, missing and
wrong data, this part has been kept out of research
and analysis has been done on 2454 data with data
mining methods. Raw data such as reason of drop
out, gender, hometown, education type and aca181
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Hometown

Education
type

Academic
averages

deliberately
other
transfer
transfer
other
deliberately
other
deliberately
transfer
transfer
other
deliberately
other
transfer

m
m
m
m
m
m
m
m
m
m
m
m
f
f

80
80
80
80
80
80
80
80
81
81
81
90
0
0

1
1
2
2
2
2
2
2
1
1
2
1
1
1

0
0
3,571428
3,40909
3,157894
0,705882
0,5
0
2,675
1,665
0,833333
0,944444
3,280487
2,525

deliberately
transfer
transfer

f
f
f

0
0
1

2
2
1

3,80921
3,078125
3,884615

Reason of
drop out

Gender

demic averages of students dropping out of school
are given in Table 1.
Table 1. Some part of raw data belonging to students who drop out of school.

In order to produce meaningful results by using
data mining methods from Table 1, labeled data
has been obtained by applying transformation
phase to raw data.
Table 2. Labeled form of data belonging to students who drop out of school.
Reason of drop out
1-----> deliberately
2----->transfer
3-----> other
Gender
male ----->1
female ----->2
Hometown
23----->1 Elazığ
44-21-12-62----->2 neighbor city
other cities ----->3
Education type
1. Education ----->1
2. Education ----->2
Academic average
Academic average<1.5----->1
1.5< Academic average <2.5----->2
Academic average >2.5----->3
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3. The results of analysis
There are given below the results of data mining methods- classification, clustering and association rules beside the statistical data belonging
to the students’ dropping out of school for various
reasons between 2004 and 2012.
3.1. Statistical data
By following, here are some statistical data of
dropping out of students because of reasons like
hometown, gender, type of education and academic average:
Students that drop out of school:
– Are from Elazığ as hometown with 25.1%,
neighbor city as hometown with 18.4%,
other cities as hometown with 56.5%.
– Are 69% male, 31% female.
– Have type of education 1. education with
66.1%, 2. education with 33.9%.
– Have a reason 48.9% because of deliberately
themselves, 44.8% because of transfer, 6.3%
the other reasons.
– Have an academic average 42.2% below
1.5, 20.1% between 1.5 and 2.5, 37.7%
above 2.5.
3.2. Factors that affect the reasons of dropping
out the school
It is given in figure 2 that the influence of current variable according to reason of dropping out
of school. As it is seen in figure 2, the most effective variables of dropping out of school factor are
average and hometown factors.
The most effective variable of dropping out
of school deliberately is in the situation of average variable’s being below 1.5.In other words, the
number of students that drop out of school with
their own will is 1199 (48.9%). Among these 1199
students, 901 (75.14%) have an average below
1.5, 229 (19.09%) students have an average between 1.5 and 2.5, 69 (5.75%) students above 2.5.
This shows that students who have average below
1.5 leave school deliberately.
When the reason of dropping out is transfer the
most effective variable is for average to be above
2.5. In other words, the number of students that drop
Volume 9 / Number 1 / 2014
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out of school because of transfer is 1100 (44.8%).
Among these 1100 students, 55 (5%) have average
below 1.5, 223 (20.27%) have average between 1.5
and 2.5 and 882 (74.72%) have average above 2.5.
This shows that students who have average above
2.5 drop out of school because of transfer.
When the reason of dropping out is others the
most effective variable is hometowns’ being Elazığ.

Figure 2. The influence of current variable
according to reason of dropping out of school
3.3. Classification
To reveal the meaningful and hidden data from
data bases classification methods are used. Here
are the results of analysis obtained with Decision
Tree and ANN (Artificial Neural Networks)
3.3.1. Decision Tree
Data according to variable of dropping out of
school are analyzed and decision tree structure in
form 3 is obtained. Within 2454 data, 90% (2209
data) are used for education, 10% (245 data) used
for test.

Figure 3. Decision tree obtained by education
data
Some rules of Decision Tree in Figure 3 are as
followed. In case student’s average is;
Volume 9 / Number 1 / 2014

– Above 2.5 and hometown isn’t Elazığ, 91.88%
of them reason for dropping out is transfer.
(RULE: AVR = 3 and HOMETOWN not = 1)
– Between 1.5 and 2.5 and hometown is Elazığ
and type of education is 2. , 99.05% of them
is dropping out willingly. (RULE: AVR= 2
and HOMETOWN=1 and EDUCATION=2)
– Below 1,5 and hometown is Elazığ, 89.01%
of them is dropping out willingly. (RULE:
AVR=1 and HOMETOWN = 1)
– Below 1.5 and hometown isn’t Elazığ,
85.15% of them is dropping out willingly.
(RULE: AVR=1and HOMETOWN = 1)
In Table 3, accuracy of classification results obtained from Decision Tree according to dropping
out variable is given. According to table, among
test data of 245 students, 84.08% (206 students)
are classified accurately, 15.92% (39 students) are
classified incorrectly.
Table 3. Accuracy table of decision tree results
Model name
Total correct:
Total
misclassified:

Classify Reason Classify Reason
of drop out
of drop out
84,08 %
206
15,92 %

39

Classification results that obtained from decision tree according to the cases of dropping out
variable’s being deliberately (1), transfer (2), other
reasons (3) are given as numerical and percentage
in Table 4. It is clear in Table 4 that among 245 students, 117 left school willingly, 115 with transfer,
13 some other reasons. 98 students of 117 (83.76%)
that drop out of school willingly, 108 students of
115 (93.91%) that drop out of school with transfer
are classified accurately. But being so few in number (13 students), dropping out of school for other
reasons cannot be classified accurately.
Accuracy graphs of decision tree are obtained for
the cases that dropping out variable’s being deliberately, with transfer and some other reasons. But,
because of the highest accuracy (93.91%) of classification of dropping out variable with transfer case,
accuracy graph of that case is given in Figure 4.
Variable dependence network of decision tree
obtained with education data is given in Figure 5.
The most powerful correlation that effect dropping out variable is Average variable. Ranging the
183
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Table 4. Accuracy Table as a numerical and percentage of classification results that obtained from Decision Tree in three mentioned dropping out variable cases
Results as Counts and Percentages for Model ‘Classify Reason of drop out’
True
Predict
1
2
3
Correct
Misclassified
Total

1(deliberately)

2(transfer)

Counts
98
19
0

Percentages
83,76%
16,24%
0,00%

Counts
7
108
0

Percentages
6,09%
93,91%
0,00%

Counts
5
8
0

Percentages
38,46%
61,54%
0,00%

98
19
117

83,76%
16,24%
100%

108
7
115

93,91%
6,09%
100%

0
13
13

0,00%
100%
100%

strongest to the weakest; average, hometown and
type of education.

Figure 4. Accuracy Graph obtained from decision
tree in cases that dropping out variable’s being
transfer

Figure 5. Variable dependence network of
decision tree obtained from educational data
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3(other)

3.3.2. Artificial Neural Networks
Using artificial neural networks, the data were analyzed according to the variable of the reason for dropping out. 90% of 2454 data (2209 data) were used for
training, 10% (245 data) were used for testing.

Figure 6. ANN estimation results, obtained
according to education data
In Figure 6, ANN estimation results obtained
according to the training data are provided. Some
of the results obtained from ANN estimation are
defined as follows: If;
– The student’s average is higher than 2.5, at
91.47% possibility, the reason for dropping
out is transfer.
– The student’s average is lower than 1.5, at
96.82% possibility, the reason for dropping
out of the school is at their own request
– Elazig is their hometown, at 93.85%
possibility, the reason for dropping out of
the school is at their own request.
– Teaching type is secondary education, at
76.73% possibility, the reason for dropping
out of the school is at their own request
– The gender is male at 72.57% possibility,
the reason for dropping out of the school is
at their own request.
Volume 9 / Number 1 / 2014
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Table 5. The truth table of the estimation results
obtained by ANN
Model name
Total correct
Total
misclassified

Classify Reason Classify Reason
of drop out
of drop out
81,22 %
199
18,78 %

46

In table 5, the truth table of the estimation results
obtained by ANN was given according to the variable of the reason for dropping out. According to table 5, 81.22% (199 students) of 245 test data, have
been estimated correctly, 18.78% (46 students) of
245 test data have been estimated incorrectly.
Estimation results obtained from ANN according to dropping out variable’s being deliberately,
with transfer and other reasons are given in Table
6 as numerical and percentage. It is seen in Table
6 that among 245 students, 114 dropped out willingly, 112 with transfer, 19 some other reasons. 97
students of 114 (85.09%) that drop out of school
willingly, 102 students of 112 (91.07%) that drop
out of school with transfer are classified accurately.
But being so few in number (19 students), dropping
out for other reasons cannot be classified accurately.
Accuracy graphs of ANN have been obtained
for the cases that dropping out variable’s being deliberately, with transfer and some other reasons.
Because of the highest accuracy (91.07%) of classification of dropping out variable has been predicted with transfer case, accuracy graph of that
case is given in Figure 7. As the graphic in Figure
7 is examined, ANN model works well.

Figure 7. Accuracy Graph obtained from ANN in
cases that dropping out variable’s being transfer
3.4. Clustering
Clustering can be done considering similarities
between clustering and data. K-Means algorithm
has been used for clustering process for this study.
As dropping out reason variable has 3 different
values, group number has been determined as 3.
In this way, rate of clustering success has been revealed. In Figure 8, clustering diagram has been
given according to education data.

Table 6. Accuracy table as numerical and percentage of estimation results obtained from ANN according to three cases of dropping out variable
True
Predict
1
2
3
Correct
Misclassified
Total

Results as Counts and Percentages for Model ‘Classify Reason of drop out’
1(deliberately)
2(transfer)
3(other)
Counts
Percentages
Counts
Percentages
Counts
Percentages
97
85,09%
10
8,93%
11
57,89%
17
14,91%
102
91,07%
8
42,11%
0
0,00%
0
0,00%
0
0,00%
97
17
114
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85,09%
14,91%
100%

102
10
112

91,07%
8,93%
100%

0
19
19

0,00%
100%
100%
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Figure 8. Cluster diagram obtained from
education data
Cluster diagram in form 8 gives relationship of
clusters formed. Lines between cluster diagrams
show similarities of clusters among each other. According to results of data, there is a strong relationship between cluster 1, cluster 2 and cluster 3. In
other words, students who dropped out of school in
these 3 clusters show similar characteristics. Cluster
1 which is shown with the darkest color in diagram
has the most intensity of students. 45.15% of students
who drop out of school is in this cluster. The most
intensity is observed in cluster 2 after the cluster 1.

– Cluster with majority of male students is
cluster 2
– Cluster with students who come from other
cities is cluster 1
– Cluster which consists of students with
marks higher than average of 2.5 is cluster
1.
– The clusters with students who attend
secondary education are cluster 3.
Characteristics of clusters can be used for examining common features of clusters one by one.
The characteristic of cluster 1 is shown in the figure 10. Cluster characteristics of cluster 1 in figure
10 are as such: this cluster is the cluster of students
who drop out of school for undergraduate transfer, students with marks higher than average of 2.5
and students who come from other cities.

Figure 10. Cluster characteristics of cluster 1.

Figure 9. Cluster profile obtained from education
data
Cluster profile is given according to education
data in figure 9. The features of 3 clusters done
with cluster profile – in other words characteristics
of students who drop out of school – are given in
a detailed way. Some results of cluster profiles of
students who drop out of school are shown below:
– Cluster which consists of students dropping
out because of undergraduate transfer is
cluster 1, the cluster in which there are
students who leaves school willingly is
cluster 2, cluster which consists of students
who drop out for other reasons is cluster 3.
186

Precision table of results obtained by clustering has been given in table 7. According to table
75.30% of 2454 data (1848 students) has been
placed accurately, 24.7% of it (606) has been
placed inaccurately.
Table 7. Precision table of results obtained by
clustering
Model name
Total correct
Total
misclassified

Cluster Reason
of drop out
75,30 %

Cluster Reason
of drop out
1848

24,7 %

606

Results obtained by clustering in way of dropping out willingly, undergraduate transfer and other reasons are given in numbers and percentage
in table 8. It is seen in table 8 that, 1199 students
left willingly, 1100 students drop out of school
for undergraduate transfer and 155 students drop
Volume 9 / Number 1 / 2014
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out of school for other reasons – of 2454 students.
760 (63.38%) students of 1199 who left willingly,
1059 (96.27%) of 1100 students who drop out of
school for undergraduate transfer and 29 students
(18.70%) of 155 students who drop out of school
for other reasons are clustered accurately. But precision rate of clustering has been found low because number of students who drop out of school
for other reasons is few.
3.5. Association Rule
In this study, rules in the format of X-Y are obtained by using association rules which is one of
the algorithms of data collection on the students’
data who left school. X’s and Y’s in these rules
contain reason of dropping out, gender, hometown, type of education and average mark data.
In the study, a lot of rules have been obtained for
different values of support and reliance. Some of
these rules have been given in table 9. For example, first one of rules in table 9 – in the format
of “5.1-4.1-confidence= 87.05%” the reason for
dropping out 87.05% of students who drop out of
school and have marks average of 1 (average<1.5)
is 1. The study which is done with association rule
has been presented in International Science and
Technology Conference (ISTEC) 2012 [24].
Some of the rules obtained are as such: of the
students who drop out of school:
– 87.15% of students who come from Elazığ and
has marks average of lower than 1.5 are male.
– 93.11% of students’ dropping out of school that
come from other cities and have marks average
of higher than 2.5 is undergraduate transfer.
– 87.65% of students who attends secondary
education and have marks average of lower

than 1.5 is male. Rate of male students is
69%, but it goes up to 87.65% with effect of
varieties of education type and average marks.
– 91.07% of students who are male, attend to
secondary education and have marks average
of lower than 1.5 drop out of school willingly.
– 92.20% of students who come from other
cities, attend to primary education and have
marks average higher than 2.5 leaves for
undergraduate transfer.
– 82.90% of students who has marks average
lower than 1.5 is male.
4. Results
Student profile about reasons of students’ dropping out of school has been made by using sorting,
clustering and association rules which are methods of data mining. Variety which has the most effect on reason for dropping out has been found out
as average marks. Decision tree is obtained with
84.08% accuracy, ANN results have been obtained
with 81.22% accuracy, results of clustering have
been obtained with 75.30% accuracy and some
of these results have been presented. According
to these results, students dropping out of school
who come from Elazığ and have marks average
of lower than 1.5 leave willingly. Students who
have average of marks higher than 2.5 and come
from other cities leave school for undergraduate
transfer. Also female students drop out of school
for undergraduate transfer and male students drop
out of school willingly. Solutions can be found to
prevent students’ dropping out by evaluating these
data and possibilities.

Table 9. Some of the rules obtained for different support values
5.1---->4.1- confidence= 87.05 %
1.1-5.1---->2.1- confidence= 87.15%
1.3-5.3---->4.2- confidence= 93.11%
3.2-5.1---->2.1- confidence= 87.65%
3.2-5.1---->4.1- confidence= 90.66%
1.3-2.1-5.3---->4.2- confidence= 91.71%
1.3-2.2-5.3---->4.2- confidence= 95.09%
1.3-3.1-5.3---->4.2- confidence= 93.42%
2.1-3.2-5.1---->4.1- confidence= 91.07%
5.1---->2.1- confidence= 82.90%
Volume 9 / Number 1 / 2014

1.1-5.1---->2.1- confidence= 87.15%
1.3-5.3---->4.2- confidence= 93.11%
3.2-5.1---->4.1- confidence= 90.66%
1.3-2.1-5.3---->4.2- confidence= 91.71%
1.3-2.2-5.3---->4.2- confidence= 95.09%
1.3-3.1-5.3---->4.2- confidence= 93.42%
1.3-3.2-5.3---->4.2- confidence= 92.62%
2.1-3.2-5.1---->4.1- confidence= 91.07%
2.2-3.1-5.3---->4.2- confidence= 90.41%
1.3-2.1-3.1-5.3---->4.2- confidence= 92.20%
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Abstract
The phase of product design determines more
than 70% of the overall product cost, so the product design cost is very important for choosing a
product scheme. The current product design cost
methods are mostly based on the conventional
formulas, which, however, are not considered in
a strategic and technological way. For efficiently
integrating the product design cost method with
strategic and technological approaches, an integrated method of product design cost is proposed
by this paper. Namely, the product design cost
model under the guidance of strategy and technology is put forward firstly. Then the connotations of
management and technology factors in the model
are discussed comprehensively. Finally, the product design cost method under the guidance of strategy and technology is elaborated in detail from
both strategic and technological aspects. Through
the application in a multinational enterprise, the
effectiveness and practicability of the integrated
method is proved, which can provide an innovated perspective method to enterprise strategy and
product design.
Key words: integrated method, product design
cost, enterprise modeling, information sharing and
collaboration, cloud technology platform
1. Introduction
Studies have widely reported the early concept
and design phases account for only a small portion
of the total cost, but they have a significant impact
on the overall life cycle cost [1]. Namely, the phase
of product design determines more than 70% of
product characters, including the characters of function, processing, assembly, cost, etc. [2]. However,
for the lack of completeness and systematicness,
the actual utility ratio of the product design scheme
is less than 17%, which leads to a low collaborative
and integrate efficiency. Limited by the enterprise
resources, enterprises prefer to choose a more ecoVolume 9 / Number 1 / 2014

nomical product design scheme for implementation and configuration of the following resources,
including researching, purchasing, manufacturing,
warehousing and so on. Therefore, the product design cost is a dominant factor for choosing a product design scheme [3].
Accurate cost estimation plays a very significant
role throughout the life cycle of product developments. The product design cost method is to calculate, estimate and predict the possible cost levels
in formal and massive manufacturing according to
the different product design schemes about technology, processing, equipment, quality, performance,
function, etc. Its aim is to prove the effectiveness
and feasibility of the product design. Professor Jin
presented a product design cost method based on
empirical mathematical model, but the formula
is limited to the particular industry [4]. Professor
Layer summarized some existing quantitative
methods, such as statistical parametric method,
neural network algorithm and support vector machine approach, which all need to base on the historical data and test repeatedly. As to a new scheme
of the product design cost, these methods can’t get
the effective results [5]. Reference [6] proposed a
system framework of product design cost method,
but it focused on the information method in a technology way which did not consider fitting the enterprise strategy. Therefore, for efficiently integrating
the product design cost method with strategic and
technological approaches, and drafting a product
design scheme with its completeness and systematicness, an integrated method of product design cost,
that is, the product design cost method under the
guidance of strategy and technology is proposed in
detail by the paper.
The study is organized into five sections. We
provide a brief overview and an analysis of product design cost method in Section 1. In Section 2,
we study the product design cost model under the
guidance of strategy and technology. In Section 3,
we present an integrated method of product de189
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sign cost and explain the proposed method in detail from both strategic and technological aspects.
Section 4 is concerned with the implementation
effect in a multinational enterprise. Conclusions
are covered in Section 5.
2. Product design cost model under the
guidance of strategy and technology
2.1. Preview of the model
Product design cost model under the guidance
of strategy and technology includes three tiers,
two directions and one platform, which is shown
clearly in Figure 1. Three tiers including the strategy, the operation and the execution clearly divide
the management layer of the model. Each tier has
its own management factors and approaches, and
its own technological factors and approaches. Two
directions are strategy guidance and technology
guidance, briefing the research thoughts of product
design cost method. The strategy guidance centers
on enterprise strategy, starting from the strategy
tier and transiting to the operation tier and the execution tier step by step. The technology guidance
centers on technological approaches, starting from
the execution tier and elevating to the operation
tier and strategy tier step by step. One platform
is a platform of cloud technology, providing the

supportive management and technology platform
for product design cost method. As a tool in operation tier, the platform of cloud technology not
only gives the strong support to management factors and approaches of strategy tier, but also offers
the effective links to technology factors and approaches of operation tier.
2.2. Strategy tier of the model
The enterprise strategy is a key factor for the
success of a corporation. Michael E. Porter put
forward three categories of enterprise strategies,
namely, the cost leadership strategy, differentiation strategy and centralization strategy [7]. The
cost leadership strategy focuses on reducing cost
and controlling management expense and other
expenses. Differentiation strategy is to differentiate
the products or services, but the enterprise will pay
for the price of piling on the overall cost. The centralization strategy targets on a particular group of
customers, a specific section of the product line or
the market in a particular area, which realizes either
the differentiation by increasing cost, or the leadership by lowering cost. The cost leadership strategy
and the differentiation strategy are two fundamental ones, while the centralization strategy is a good
supplement for the two strategies. Although these
three categories of enterprise strategies have differ-

Figure 1. Product design cost model under the guidance of strategy and technology
190
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ent situations and backgrounds for implementation,
they are specified by the cost with no exception.
Therefore, the overall cost plays a crucial role in
implementing the enterprise strategies.
In the product life circle, the phase of product
design is dominant for determining the product
cost. Although the resources for product design
only occupy 5-7% of the overall cost, it determines 70-80% of the product cost [4]. The product
design cost method is to estimate and predict the
product cost with the effective calculation methods, which can help the enterprise reach an optimized balance status between product design and
enterprise resources.
2.3. Operation tier of the model
The operation tier is a link between the preceding and the following. Based on the cost strategy
and the dominant role of product design cost, the
operation tier includes the main management approaches and technology platform, which are design for cost approach, activity-based costing approach, value engineering approach and the cloud
technology platform.
The design for cost approach is a combination
method of management activities, including modeling, estimating, calculating, optimizing, controlling, etc., which requires to analyze and estimate
the related costs in the phase of proportioning,
processing, testing, packaging, storing and so on
[6]. Because of the complexity in product cost
composition, it is significant for controlling the
product cost and optimizing the product design
through building an intelligent support platform
of design for cost. Although design for cost is a
method of product design, it combines management and technology with design optimization
idea to solve the problem of resource configuration. In recent years, the design for cost approach
is massively integrated with activity-based costing
approach and value engineering approach.
A new concept considers the enterprise as the
complex of activities, which is designed to meet
customers’ needs through forming a chain of activities that are connected to each other. Each activity
needs some resources and also exerts values that
will be transferred to the next activity, and in this
way the final product will be made for customers.
Volume 9 / Number 1 / 2014

Activity-based costing is a method of expense allocation, which regards activities as indirect subjects
[8]. It attributes the resources and expenses to each
activity through confirming and measuring the resource drivers, and then attributes the activity costs
to product or customer through confirming and
measuring the activity drivers.
Value engineering, or value analysis, or function-cost analysis, focuses on function analysis of
products or activities and targets to improve the
value of products or activities. It tries to realize all
the necessary functions of products or activities in
the lowest cost. Value engineering has three fundamental elements, which are value, function and
product life circle cost. Value, as defined, is the ratio
of function to cost. Value can therefore be increased
by either improving the function or reducing the
cost. It is a primary tenet of value engineering that
basic functions be preserved and not be reduced as
a consequence of pursuing value improvements [9].
Based on the commercial pattern of cloud computing, cloud technology is a general term of internet technology, information technology, integration technology, management platform technology,
application technology, etc. [10]. It can constitute
a pool of abstracted, virtualized and scalable resources, which is used flexibly and conveniently
according to user requirements [11]. Research on
cloud technology is mainly on cloud computing,
cloud storage, cloud security, etc. In these concepts,
cloud refers to different things in different application fields. In cloud computing, cloud refers to
some self-maintaining and self-managing virtual
calculating resources, usually a complex of giant
servers, including computing servers, storage servers, broadband resources, and so on. In cloud storage, cloud refers to a number of variable storage devices at the internet. In cloud security, cloud refers
to the anti-virus database formed by large amounts
of internet security software in client terminals.
For enterprises, cloud technology can be used to
solve the problems of information acquisition and
collection. The information about customers’ requirements, design of products, distribution of supplied materials, arrangements of production, etc.,
needs to be accessed and acquired on the platform
of cloud technology, such as the system information of Product Data Management (PDM), Product Design System (PDS), Customer Relationship
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Management (CRM), Supplier Relationship Management (SRM), Enterprise Resources Planning
(ERP), Manufacturing Execution System (MES),
Decision Support System (DSS).
2.4. Execution tier of the model
The execution tier is the actual executor of the
enterprise cost strategy and the related management approaches and technology platform, also
the carrier of management factors and technology
approaches. On the support product platform of
design for cost, information technology, which is
entrusted with modern management ideals [12],
is considered as the carrier in the execution tier,
including such enterprise information systems as
Man-machine interface (MMI), PDM, PDS, MES,
ERP, SRM, CRM, DSS.
MMI is the technology to do research on the interaction between system and user, and it is the interface of media and dialogue for information exchange between human and computer [13]. Manmachine interaction provides a fertile application
domain for system integration technology [14].
PDM is on the basis of software technology
and focuses on product data. It is an integrated
technology to manage the related data, processes
and resources. Information collection and resource
management in PDM are all related to products,
which is the essential difference from other information management systems [15].
PDS is the overall intelligent application software about Computer Aided Design (CAD) and
Computer Aided Engineering (CAE) [16]. The
best design result can be obtained by using PDS. It
can effectively decrease the spending of the whole
project, lower the expenses and costs, improve the
values and minimize the risk while retaining the
valuable data.
MES is the information management system,
which is directed towards the workshop and existed between the planning management system at
the upper layer and the industrial control system at
the lower layer. It provides operators and management staffs with the information about planning
operation and manufacturing tracking, and the
current status of all the resources (labor, equipments, materials, etc.) [17]. MES can optimize
the management of the whole production process
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from issuing the order to finishing the product,
which presents the key task information of related
product activities inside the enterprise and in the
whole product supply chain.
ERP is the integration of information technology and management ideals. It realizes the overall
balance and optimized management of the comprehensive enterprise resources, including labor,
capitals, assets and information [18]. It is actually
a plan for procurement, production, cost, storage,
distribution, transportation, finance, labor resources, etc., which can achieve the best resource configuration and operation efficiency [19].
SRM is a complex of advanced management
software and technology, using various information
technologies as support and approach. It is also a
new management mechanism to improve the relationship with upstream suppliers in the supply
chain [20]. SRM provides an optimized solution to
strategic design of products, strategic acquisition of
resources, efficient negotiation of agreements, unified management of product contents, and so on.
CRM centers on customers and realizes the
automation of such activities as marketing, sales,
services, etc., by utilizing information technology
[21]. It is a kind of management method and technology approach, which helps enterprises more
effectively provide satisfactory and considerate
services for improving the satisfaction and loyalty
of customers [22].
DSS is a computer application system, which
aims to support business processes as well as the
processes of making decisions through using data,
model and knowledge in a human-machine interaction way [23]. It provides decision makers a situation of problem analysis, model construction, and
virtual decision making. It also helps to improve the
quality of decision making by utilizing different information resources and analysis tools [24].
3. Product design cost method under the
guidance of strategy and technology
3.1. Product design cost method under the
strategy guidance
Product design cost method under the strategy
guidance is a top-to-bottom research pattern, and
a research route is from macro to micro, from abVolume 9 / Number 1 / 2014
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stract to concrete. At first, the enterprise strategy in
the strategy tier determines the strategy focuses on
low cost aspect or high cost aspect. If it is low cost
strategy, the product design will focus on decreasing expenses and costs and improving the cost performance. If it is high cost strategy, the product design will focus on product differentiation and fully
fulfill customers’ needs for the product functions.
Then combined with information about customers’
needs and potential needs in CRM and DSS, value
engineering method will be applied to make product function analysis. According to the low-cost or
high-cost requirements of customers for products,
in the phase of product design, the product design
cost of different product design schemes can be estimated and predicted by using design for cost and
activity-based costing approaches, and combining
with information and technology support in the systems of PDM, PDS, MES, ERP, SRM, CRM and
DSS. Namely, the product design catalogues are
made in the systems of PDM and PDS. According
to the catalogues, the information about current data
and historical information of the crucial factors are
obtained in the systems of MES, ERP, SRM, CRM,
DSS, including bill of material, prices of suppliers,
procurement cost, process route, processing equipment, activity cost, production cost, quality cost,
storage cost, transportation cost, sales cost, usage
cost, maintenance cost, service cost, recycling cost
and so on. If some information can be as reference,
the related records of product design cost will be
generated in the DSS knowledge database. If some

information can’t be as reference or there is no information for innovative product design scheme,
the product design cost will be calculated and estimated by using some intelligent models in the DSS
model database, such as approximate reasoning,
parameter estimation, neutral network, fuzzy computing and rough calculation. Finally, the different
product design schemes will be repetitively estimated, checked, compared and analyzed in the systems of PDM, PDS and DSS. The most optimal one
of them, which fulfills the requirement of product
design cost, will be chosen to realize the enterprise
cost strategy. The flow chart of the product design
cost method under the strategy guidance can be
seen in Figure 2.
It is favorable that the access to all the systems
is implemented on the platform of cloud technology, which not only provides a seamless integrated
environment for each sub-system, but also helps
to achieve the quick computation, secure access
and reliable data storage. It ensures the efficient
deduction and estimation of product design cost
information throughout the whole process.
3.2. Product design cost method under the
technology guidance
Product design cost method under the technology guidance is a bottom-to-top research pattern,
and a research route is from micro to macro, from
concrete to abstract. At first, the DSS technique
is regarded as a core approach in the execution

Figure 2. Flow chart of the product design cost method under the strategy guidance
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tier [25]. Through the platform of cloud technology, the DSS uses its data mining method to get
the changing information about customers’ needs
from the CRM system, such as requests of product
configuration, price fluctuation, and the variation
of cost, such as usage cost, maintenance cost, service cost, recycling cost. The information about
suppliers and fluctuation of their prices will be
acquired from the SRM system. The information
about the variation of procurement cost, transportation cost and sales cost, and the modification of
process route will be derived from the ERP system. The status of processing equipment can be
gotten from the MES system, such as the information about the failure, maintenance and renewal of
machines. And the information about the fluctuation of cost, such as activity cost, production cost,
quality cost and storage cost will be gotten from
the MES system, too. Product design catalogues
and related product data are obtained from the
PDM and PDS systems. Referring to the variation of all the key factors, based on the platform
of cloud technology, DSS system can recommend
an optimized product design cost scheme through
extracting, cleaning, transforming, loading the
current data from other sub-systems, and estimating the product design cost in the intelligent model
of the model database, and reasoning the existing
or similar examples in the knowledge database.
Afterwards, through the mapping mechanism and
parameter transmission mechanism of cost variation factors, a modified version of product design
catalogue can be made out to satisfy the custom-

ers’ requirements and help to achieve the enterprise goals. Then in the operation tier, the factors
of product configuration, product function, product
activity cost, product design cost, etc. are analyzed
by referring to the management approaches of design for cost, activity-based costing and value engineering. This phase mainly applies the research
pattern of qualitative analysis, which needs to be
supplemented by quantitative analysis. Finally, in
the strategy tier, decision makers will have a reappraisal of the current cost strategy through using
the comprehensive appraisal and estimation approaches including analyses of economic feasibility, technological feasibility, production feasibility, organizing feasibility and social availability,
and risk factors and the counter-risk strategies. In
this way, it is confirmed whether the current cost
strategy needs to be adjusted. Namely, the adjustment will be directed towards low cost strategy or
high cost strategy. The flow chart of the product
design cost method under the technology guidance can be seen in Figure 3.
It needs to be mentioned that the product design cost method under the strategy guidance and
the product design cost method under the technology guidance, are not independent and separated
from each other. On the contrary, the two methods support and supplement each other. Even it is
said that they constitute a circulatory process from
top to bottom and from bottom to top, which can
maintain the product design cost at the best level
at a certain time. This is why the article is named
‘an integrated method of product design cost’.

Figure 3. Flow chart of the product design cost method under the technology guidance
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4. Implementation effect
The product design cost method under the guidance of strategy and technology is realized in the
Xuzhou Construction Machinery Group (XCMG
Co.). The corporation is a typical representative
enterprise of Chinese multinationals. Due to enterprises’ product similarity and competition in construction machinery industry, the product profits
change little during the certain time, so the main
reason for the obvious profit increase is usually
the cost decrease, which is because technological
upgrading project reduces product cost, or management innovation improves the operational efficiency. The integrated method of product design
cost had totally taken 10 million dollars to implement the platform, but its cumulative effect led the
sale profit to increase 109.5%, and made the sale
revenue grow from 13.6 billion dollars in 2011
year to 16.1 billion in 2012 year. Therefore, the
proposed method has made great contribution to
keep the XCMG Co. leading position and enhancing enterprise international influence.
5. Conclusion
Global competition challenge and rapidly changing technologies endanger classic instruments of
managing enterprise, and they need understanding
and application of new management philosophies
[26]. The limitation of resources makes enterprises
prefer to choose a more economical product design scheme for implementation and configuration
of the following resources, including researching,
purchasing, manufacturing, warehousing and so on.
Therefore, product design cost is an important and
determinant factor when choosing a product design
scheme. In the article, we propose an integrated
method of product design cost. Namely, the product design cost model under the guidance of strategy and technology is put forward at first, which
provides the definition of ‘three tiers, two directions
and one platform’. Then the connotations of management and technology factors in the model are
discussed comprehensively. Finally, the product design cost method under the guidance of strategy and
technology is elaborated in detail from both strategic and technological aspects. It integrates the product design cost method with enterprise strategy and
Volume 9 / Number 1 / 2014

technology approaches. Through the application
in a multinational enterprise, the effectiveness and
practicability of the integrated method is proved,
which can offer decision makers a scientific method for producing strongly competitive products and
provide an innovated perspective method for enterprise strategy and product design.
In the future, we are planning to improve the
platform efficiency through using the advanced
management technology of big data, and apply the
proposed method to more enterprises.
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Abstract
The purpose of this study was to investigate
the effect of activities based on the Multiple Intelligence Theory (MIT) of seventh grade students’
conceptual learning and their retention in two
consecutive subjects, namely “The Circumference
and the Area of a Circle” and “The Surface Area
of the Vertical Cylinder”. The quasi-experimental
research was conducted using 48 seventh grade
students (24 for each group-control and experimental). The experimental groups were exposed
to instruction based on the MIT activities whereas
the control groups were exposed to traditional
instruction. A Conceptual Learning Test (CLT)
consisted of 10 open-ended questions which were
administered to both groups as a pre-test, post-test
and retained test. A 2x3 (group x time) repeated
measures ANOVA was performed to determine
the significant differences in the test scores. Results showed that instruction based on the MIT
had a more significant effect on 7th grade students’
conceptual learning and their retention than traditional mathematics instruction.
Key words: Mathematics teaching, Multiple
intelligence theory, Conceptual learning, Circle,
Vertical cylinder
1. Introduction
Learning theories are constantly expanding and
taking the leading role in the changing process
of the educational system, whereby the aim is to
train individuals who can meet the needs of this
age. This process is moving from the understanding of the direct transference of knowledge to the
Volume 9 / Number 1 / 2014

students towards the understanding of students who
can reach the knowledge by themselves, process
it by internalizing the knowledge and create new
knowledge through that already present. Thus, the
students’ participation in the learning process is becoming highly important for this process of change
[1-2]. Considering the fact that learning is an active
process, it seems clear that, in mathematics teaching, designing activities that will help students learn
“by doing” has become extremely significant. This
will ensure that students take part in the activities by
taking responsibility for their own learning. They
will contribute towards the achievement of meaningful and lasting learning and will help themselves
to improve their sense of responsibility.
The use of various kinds of materials and activities is among the issues that have been given importance in terms of students’ construction of their
own knowledge [3]. Teaching materials or activities employed in the learning processes are known
to be effective tools in terms of the visualization of
abstract mathematical expressions and their clear
presentations, which ensures transference of the
abstract into the concrete concepts of mathematics
[4]. This transference helps students to understand
the mathematical relations and applications, by
making the learning more effective [5]. Durmuş
and Karakırık [6] expressed that teaching materials could be utilized as a liaison between the world
of mathematics and the real world. Additionally,
teaching materials or activities add more fun to the
teaching of mathematics; they increase students’
interest and curiosity and add a lot to the students’
overall success [7]. Therefore, using materials and
activities to provoke students’ active participation
in their learning environments is of high impor197
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tance. Otherwise, it is likely that teachers will face
some problems in the teaching of mathematics.
Without activities that appeal to students with different interests and intelligence domains, without creating relationships between concepts and
daily life, and only focusing on the transference
of knowledge and question solving strategies may
lead to a variety of difficulties.
The fact that students’ learning of mathematics cannot be constructed efficiently through traditional teaching methods has led educators to adopt
new theories related to the learning and teaching of
mathematics in recent years. Among these theories
is the “Multiple Intelligence Theory” (MIT) that
takes the differences in the students’ intelligence
domains and some other individual differences into
account. This theory supports the idea that instruction must be designed and carried out according to
these differences. The MIT that first came into existence in 1993 by Howard Gardner [8] supports the
thesis that there are, for now, eight types of intelligence as opposed to the classical view of intelligence that has identified intelligence as one inseparable body. These types of intelligence are verbal/
linguistic, logical/mathematical, musical/rhythmic,
bodily/kinesthetic, visual/spatial, interpersonal/social, intra-personal, and naturalistic.
As it is known, activities based on one or a
few intelligence domains are given to students in
traditional learning environments and encourage
passive learning. However, the MIT offers a theoretical framework in which teachers can teach any
skill, subject or teaching goal at least eight different ways. According to this theory, which does not
accept that there are students who cannot learn or
who are unsuccessful, the learning activities must
be designed in such a way so as to give teachers opportunities to employ all other intelligence
domains rather than only verbal or mathematical
ones. In addition, students’ individual differences,
learning styles and cultural values must be taken
into consideration in learning environments that
have been designed according to the MIT. In that
sense, the MIT leads the way to designing activities for use in learning environments. The MIT hypothesis, that activities must be designed according to different intelligence domains, aims to help
students take active roles in their own learning by
providing learning experiences that appeal to all
198

their senses. Similarly, Baki [1] advocated that using various representations related to mathematics
also facilitates students’ understanding.
Gardner [8], who was leader of the MIT, expressed that, however correct the theory is and however popular it is, it will have no value for educators
unless it brings some concrete benefits in terms of
education. That is why, in addition to studies containing some theoretical foundations of new concepts, it is important to conduct experimental studies compatible with these theories. Many research
results gathered show that teaching carried out
through activities, materials or lesson plans based
on the MIT facilitate learning, lead students to actively participate in the classes, increase students’
success, affect students’ motivation positively and
develop their intelligence domains [8-15].
Campbell [9] developed a program for primary
third grade students in which activities incorporating seven types of intelligence were used. Within
the context of this program, seven learning centers
representing each type of intelligence identified by
Gardner were established and the learning environment was redesigned according to these centers.
Students wandered around these learning centers
for 2-2.5 hours of their daily schedules in groups of
three or four, staying in each centre for about twenty minutes. Activities facilitating the learning to be
covered were designed beforehand and added to
these seven centers. It was found at the end of this
study that all the students had achieved a permanent
state of learning in the specified subject.
Köroğlu and Yeşildere [16] conducted a quasiexperiment study to determine the effect of the
MIT on 7th grade students’ achievements in mathematics. This study revealed that instruction based
on MIT activities had a more significant effect on
the students’ achievement in mathematics than traditional instruction. Dobbs [17] conducted a study
to find out the relationship between the MIT based
curriculum and the students’ academic achievement for 7th grade at-risk students. The findings of
this research indicated that there was a significant
relationship between the implementation of the
MIT curricula and the students’ academic achievement in mathematics, reading and writing. Işık
and Tarım [12] also investigated the effects of the
cooperative learning method supported (CLMS)
by the multiple intelligence theory on elementary
Volume 9 / Number 1 / 2014
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fourth grade students’ academic achievement and
their retention of a mathematics course. The findings of this research indicated that the CLMS had
a more significant effect on students’ academic
achievement than traditional instruction. However, regarding retention scores, the CLMS did not
have a significant effect.
Analyzing these studies, it was striking that
only a few studies focused on mathematics teaching based on the assumption that the MIT had
effects on the students’ conceptual learning and
retention. Therefore, this study aims to assess the
effects of teaching mathematics, which were carried out through the activities developed according to the principles of the MIT on the students’
conceptual learning and retention. To achieve this
aim, the following questions were asked:
a. Is there any significant difference between
the pre-test scores of the experimental group
and those of the control group?
b. Is there any significant difference between
the experimental group and the control group
in terms of the effect on conceptual learning?
c. Is there any significant difference between
the experimental group and the control group
in terms of the effect on learning retention?
2. Methods
2.1. Research Design and Sample
This study was designed to determine the effects of activities based on the MIT on 7th grade
students’ conceptual learning and their retention of
“The Circumference and the Area of a Circle” and
“The Surface Area of the Vertical Cylinder” topics. Thus, this study used as a quasi-experimental
design in which the participants were not randomly assigned to groups. One control group (CG) and
one experimental group (EG) were selected, and
each treatment (MIT and traditional) was randomly assigned. In this way, it was intended that the
teacher differences would be minimized.
The sample of this study comprised of a total
of 48 seventh grade students (26 boys, 22 girls)
selected from an elementary school in Turkey.
They were randomly assigned to the experimental
group (n = 24, 14 females and 10 males) and the
control group (n = 24, 11 females and 13 males).
Volume 9 / Number 1 / 2014

One volunteer mathematics teacher participated in
the study and he taught both groups. The teacher
had experience in the application of the MIT activities in the classroom. The researchers and the
teacher also discussed the proper ways of using
the activities prior to the study.
Prior to the experimental study, the Conceptual
Learning Test (CLT) was administered to the experimental and control groups as a pre-test. As a
result of independent samples t-test, it was found
that there was no significant difference between
the pre-test scores of the experimental group (M =
5.45, SD = 1.50) and those of the control group (M
= 5.62, SD = 1.92) [t (46) = .334 p > .05]. These
results showed that the groups were believed to
be equal in terms of mathematical achievement
before the experimental applications. Following
the pretest, the teaching was carried out through
activities designed according to the MIT for the
experimental group, whereas no intervention was
made in the control group. The applications for
both groups lasted 2 weeks (2*4=8 class hours).
The implementation process for both the experimental and control groups were observed by one
of the researchers. The instrument was given to
both groups one week after the implementation as
a posttest, and 3 months later as a delayed-test.
2.2. Data Collection Tools
In this study, the Conceptual Learning Test
(CLT), which was composed of 10 questions requiring written answers to assess the students’
conceptual knowledge related to “The Circumference and the Area of a Circle” and “The Surface
Area of the Vertical Cylinder”, was used. During
the improvement process of the CLT, the acquisitions of the 2005 Turkish primary mathematics
program were considered. Questions were then
prepared by considering the perception and application learning areas of Bloom’s taxonomy.
The opinions of two field education experts and
three mathematics’ teachers were gathered during
the process of the question preparation. The face
and the content validity were ensured by taking
the same experts’ opinions. Also, necessary adaptations were made with the pilot implementation
of the CLT. Examples of questions in the CLT are
presented in Figure 1.
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Figure 1. Some question items in CLT
2.3. Instruction and Activities Carried Out in
the Experimental Group
Instruction in the experimental group was carried out with activities prepared according to the
eight intelligence types noted by Gardner [8]. For
example, by having the students read a story about
the “The Circumference and the Area of a Circle”
and by asking questions related to daily life based
on the story, sub-learning areas such as verballinguistic, logical mathematical and interpersonal
intelligence domains were activated. A question
like “imagine that you ride a bike the front wheel of
which is big and the rear wheel of which is small.
Do you think the front or the rear wheel of the
bike will cycle more? Why?”. Students were led to
discuss this question in groups first and then as a
whole class. Thus, students’ verbal-linguistic, logical-mathematical, visual-spatial and interpersonal
intelligence domains were put to work. By asking
the students how they calculate the circumference
of a square, triangle and rectangle and how they calculate the circumference of a circle, the students’
verbal-linguistic, logical-mathematical and interpersonal intelligence domains were put to work.
A wired cable in a square shape with a perimeter of 80 cm was brought to the class. Students
were asked to turn it into a circle, and then they
were asked to discuss in groups about the radius
and circumference of the created circle. Thus, the
students’ verbal-linguistic, logical-mathematical,
bodily-kinesthetic, visual-spatial and interpersonal intelligence domains were put to work.
Moreover, a study sheet which had been designed in two parts and which consisted of unit
squares was distributed to the groups. Firstly, they
were asked to calculate approximately the areas of
the polygonal regions pre-drawn on the unit squares
in the first part, and in the second part, the groups
were asked to draw circles on the unit squares by
using coins and small CDs distributed to them and
200

to calculate approximately the areas of the drawn
units. Secondly, after the pre-prepared materials full
of circles (Figure 2a) with different sizes were distributed to the groups, the groups were asked to calculate the approximate area of the circle they were
given by counting the unit squares in that circle. So
as to expose them to the radius concept, the students
were asked to cut any of the circles they had drawn
on the work sheet following the lines. By asking
them to fold their circles in two, they were asked
to find out which element of the circle the line was.
Thus, the radius and diameter concepts were perceived by the students. Through these activities,
the students’ verbal-linguistic, nature intelligence,
logical-mathematical, visual-spatial and bodilykinesthetic intelligence domains were put to work.
Groups were asked to calculate the circumference
of the circle with the help of a string and a ruler.
Similarly, discussions on how to find the circumference length of other geometric shapes were held.
Afterwards, the diameter of the circle was calculated with a ruler and after groups had divided the
circumference length by the length of the diameter,
they calculated the value of p . Students were made
to understand that despite the differences in sizes of
the circles, the division of the circumference length
to the length of the diameter is always equal. Within
that context, the students became aware of the fact
that if more detailed analysis were made, it would
be realized that the p number almost equals to 22/7
or 3.14. Then, they gained awareness of the fact that
the circumference of a circle, the radius being r
and the unit being 2pr, its area was then pr2. With
this activity, the students’ verbal-linguistic, logicalmathematical, bodily-kinesthetic, visual-spatial and
interpersonal intelligence domains were put to work.
Similarly, the subject of the “Surface Area of
a Vertical Cylinder” was taught through the activities. Firstly, the students were asked to find out
whether there were shapes resembling the vertical
cylinder around them and to give examples. Thus,
examples such as a can of tomato paste, a can of
preserved foods and a can of cola were given.
Discussions were held on the common features
and basic components of those vertical cylinders.
Then, students were asked to make moneyboxes
as in the work sheet. Cardboard paper in different
colours, one adhesive and a pair of scissors were
given to each group (Figure 2a). Upon completion
Volume 9 / Number 1 / 2014
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of the steps in the worksheet, the students were
asked how to calculate the area of the moneyboxes created, to find out which money-box had
the biggest area, to find out whether there was any
relationship between the area of the money-boxes
and the sizes of cardboard paper and to find out if
the cardboard paper used in the preparation of the
money-boxes was all equal. Some discussions on
these topics were then held. In the next phase, the
teacher distributed the money-boxes created by
certain groups to other groups.

a)

Lastly, after the completion of two hours, the
students were asked to write down the experiences
they had had for a friend who was absent and to
write diaries by designing songs, poems or stories
using the concepts they had learned. In this activity the students’ verbal-linguistic, logical-mathematical, musical-rhythmic, and intra-personal intelligence domains were put to work. In addition
to the fact that it helps some intelligence domains
available in the MIT to be put to work, writing a
diary helped the students to express their feelings
and thoughts freely, to express themselves in written words, to increase their sense of responsibility, to comment on what they had learnt in class,
to form their knowledge in a meaningful way by
reasoning on what they had experienced throughout the whole process, to be good observers, to be
more active learners in class and to increase their
thinking skills. Furthermore, these diaries gave
the teachers some opportunities to get to know the
students more closely, to see how they constructed
their knowledge and to see their own weaknesses
during the teaching process so as to make any necessary corrections. During all the activities carried
out in the experimental group, the teacher took the
facilitator role, meticulously helping the students
to take active roles in the learning procedure and
to construct their own knowledge and share it.
2.4. Instruction Carried out in the Control
Group

Figure 2.

b)

After they had unfolded the paper money-boxes, the groups saw what kind of a shape they had
created. The students were then asked to show and
mark r , h lateral area, upper base and lower base
concepts. After this procedure, the teacher made
sure that the students explored the surface area
of the vertical cylinder and made some sample
exercises. Thus, the students’ verbal-linguistic,
logical-mathematical, bodily-kinesthetic, visualspatial, interpersonal-social and intra-personal intelligence domains were put to work and the basic
components of the vertical cylinder and area formula were perceived.
Volume 9 / Number 1 / 2014

The students in the control group were exposed
to traditional instruction. All the content was provided in a face-to-face manner in which the teacher instructed, and the students listened during most
of the class time. For this group the knowledge
level for the course was to be realized through
traditional teaching methods based on classroom
teaching, lecture and demonstration, answer and
question. Students were made aware of the procedures to be followed and the rules to be obeyed
during the lesson. They were given the opportunity to ask questions about the points they did not
understand and short summaries were made available from the lecturer after every subject. In this
group homework was given. However, group activities were rare or non-existent.
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3. Findings

2.5. Data Analysis
The answers given to the questions in the CLT
were scored by classifying according to the criteria in Table 1. So, each student could get 50 scores
for the pre-test, posttest and delayed test.
During this process, two researchers conducted separate scoring for each measurement (pretest, posttest, retention test) and the total scores
were calculated. Pearson correlation coefficients
calculated for the total scores were gathered by
the researchers’ scores which were subsequently
0.96, 0.92 and 0.88. These values showed that the
scoring was reliable. The data was analyzed using SPSS 15.0. All the data was initially analyzed
using the Shapiro-Wilk test to demonstrate that
the data was normally distributed. A 2x3 repeated
measures ANOVA was used to measure the effects
of the instructional methods (MIT, traditional)
and time (pre-test, post-test, retention-test) on the
students’ conceptual learning and their retention.
The between-subject factor was the instructional
method with two levels (traditional, MIT) and the
within-subject factor was time with repeated three
measures (pretest, post-test, and retention-test). In
the case of the statistically significant main effects
and interaction effect, the post hoc analysis and
simple main effects’ analysis were analyzed using
Holm’s sequential Bonferroni test.

In order to determine whether the conception of
the learning scores of the experimental group increased more significantly than the scores of the control group, pre-test, post-test, and retention-test the
scores of both groups were calculated. Descriptive
statistics have been given in Table 2 and Figure 3.

Figure 3. Comparison of the CLT scores of the
groups
As shown in Table 2, the experimental group’s
pretest mean score (M = 5.45, SD = 1.50) increased to the posttest mean score (M = 36.41, SD
= 8.35), and then decreased to the retention test
mean score (M = 28.62, SD = 7.28), whereas the
control group’s pretest mean score (M = 5.62, SD
= 1.92) increased to the post test score (M = 27.04,
SD = 8.61), and then decreased to the retention
test score (M = 16.29, SD = 5.40). That is, both
groups had higher scores in the post-test scores,

Table 1. The level and scores for each item of the CLT
Levels
Score
Content
Completely Correct
5
The explanations which are accepted as scientifically true, take place in this group
Explanations are true but when compared to the correct answers some parts are
Partially Correct
4
missing, so it takes place in this group.
The explanations which contain partially correct statements but are connected to
Wrong(1)
3
the right reasons or don’t give reasons, take place in this group.
Wrong (2)
2
Expressions that contain wholly wrong or irrelevant explanations are in this group.
Incomprehensible explanations or explanations that have no connection to the
Uncodeable
1
question are in this group.
Those that made no explanations and those who wrote question itself in the
Unanswered
0
explanation part are in this group.

Table 2. Descriptive Statistics Related to Pre-Test, Post-Test, and Retention-Test Score
Group
Experiment Group (EG)
Control Group (CG)
202

n
24
24

Pre-test
M
5.45
5.62

SD
1.50
1.92

Post-test
M
36.41
27.04

Retention-test

SD
8.35
8.61

M
28.62
16.29

SD
7.28
5.40
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which then decreased in the retention-test scores.
As seen in Figure 3, there is a great improvement
in the performance between the pre- and the posttest for the experimental group and a leveling off
to the retention-test for both groups. However, to
see which group’s progress was better, the twoway mixed design ANOVA was used.
As seen in Table 3, a repeated measure ANOVA
showed that there were significant main effects between Group [F(1,46)=28.707, p<.01, h 2 =.384],
and Time [F(1,92)=328.998, p<.01, h 2 =.877].
Results of ANOVA also revealed a significant interaction between the Time and Group [F(1,92) =
19.907, p <.01, h 2 =.302]. The eta squared (h 2 )
values indicate that group, time, and interaction of
these two variables had a large effect on size based
on Cohen’s criteria [18]. A post-hoc analysis of
the main effect group with Bonferroni methods revealed that both group post-test scores (M = 31.72,
SE = 1.225) were significantly higher than their
pre-test scores (M = 5.54, SE = .250) [mean differences = 26.188, p<.01]. Their retention scores (M
= 22.45, SE = .925) were significantly higher than
their pretest scores (M = 5.54, SE = .250) [mean
differences = 16.917, p < .01], but lower than their
post-test scores (M = 31.72, SE = 1.225) [mean differences = 7.181, p < .01]. Post hoc analyses also
indicated that the experimental group’s score (M
= 23.500, SE = .948) was significantly higher than
the control group’s score (M = 16.319, SE = .948)
[mean differences = 7.181, p< .01]. In this respect,
it could be suggested that exposing students to EG
and CG teaching activities had different effects on
the students’ conceptual learning test scores. However, as seen in Figure 3, it was revealed that the EG

had higher gains in terms of the conceptual learning
and retention of learning than the CG had.
4. Discussion
In this study, the effect of instruction based on
the MIT of seventh grade students’ conceptual
learning and their retention in “The Circumference
and the Area of a Circle” and “The Surface Area of
the Vertical Cylinder” subjects was investigated.
Table 2, Figure 3 and Table 3 illustrate that there
was an increase in the scores of the students in both
the experimental and control groups in the posttest
compared to those in the pre-test. However, it was
found that the increase in the scores of the students
in the experimental group, in which the teaching
through activities prepared according to the MIT
was conducted, were higher than the scores of the
students in the control group, in which the traditional teaching methods had been used. It was
also found that the decrease in the retention-test
scores of the experimental group was lower. This
situation could be attributed to the fact that students learn better and more permanently when
they learn through activities designed according to
the MIT than when they learn through traditional
teaching methods. This result is believed to have
stemmed from the fact that the activities were designed according to the MIT principles by: appealing to different intelligence domains, helping the
students to learn “by doing”, helping the students
to relate to what they learn with real life situations,
ensuring that the students noted their experiences
by writing diaries, being actively involved in the
implementation process, sharing ideas with the
class interactively and having opportunities to

Table 3. Results of the Mixed Design ANOVA
Score
Between Groups
Group (EG/CG)
Error
Within Groups
Time (Pre, post,
retention)
Group*Time
Error
Total
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Partial Eta

SS

df

MS

F

p

4830.493
1856.174
2974.319
20315.334

47
1
46
96

1856.174
64.659

28.707

.000

.384

16926.514

2

8463.257

328.998

.000

.877

1024.181
2366.639
25145.827

2
92
143

512.090
25.724

19.907

.000

.302

Squared (h 2 )
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apply their acquired knowledge. Similar studies
show that when students are given learning opportunities in accordance with their different intelligence areas, they become more successful than
beforehand when they were taught by traditional
teaching methods [5], [13-16], [19-20].
Researches in different areas [5], [11-14], [2123] showed that the teaching based on the MIT
principles increased the students’ success rates,
made the learning more permanent and helped
the students to develop more positive attitudes towards their lessons. In parallel with the findings of
these studies, the results of this study showed that
in the teaching of the sub-learning areas of “The
Circumference and the Area of a Circle” and “The
Surface Area of the Vertical Cylinder”, teaching
through activities based on the MIT principles increased students’ conceptual learning compared
to that of the traditional teaching methods and
made the learning process more permanent. For
example, in the pretest of the first question (Q1),
most of the students in the experimental and control groups either did not understand the question
or misunderstood it by giving answers such as
“The more you ride the bike, the more miles you
will go”, “if the bike goes 1 meter in each turn
of the wheel, it will go 6 meters in total”. However, when it came to the posttest, it was observed
that the students in the experimental group created
different strategies. For example, they gave answers such as “the meters it will go in one full turn
2pr=2x3x40=240 cm and it will go 5x240=12m”
and “we can learn how many centimeters the circumference of the wheel is by using a string and
then we can multiply it by 5”. This situation could
have resulted from the features of the learning
activities applied by the MIT principles. In the
activities carried out in the experimental group,
different intelligence domains were put to work
and it was ensured that the students took an active
part in the learning process. This process allowed
the students to understand real mathematics more
effectively, to transfer it to real social life areas,
to create their own knowledge of mathematics, to
solve mathematics’ problems, and to have more
effective and permanent learning compared to that
of the other traditional methods. Since this process
helped the students to come up with different solutions to the problems, to use their acquired expe204

riences and to explain the application process in
written expressions, it is also believed that it significantly contributed to the improvement of the
students’ reasoning and critical thinking skills.
It is expected from students in today’s world
not to be individuals who process the stimuli given by the teacher passively, but to be individuals
who actively take part in their learning process.
Within that context, many studies [5], [10-13],
[16], [24-26], confirm the fact that activities designed in accordance with MIT principles increase
students’ participation in their classes and attract
their attention by adding more colour and variety
to lessons. It was observed during the application process that the activities designed in accordance with the MIT principles made the students
participate more actively in the learning process
and receive enjoyment from the process together
with learning permanently. In addition, because
of the fact that there was a variety of activities in
their learning environment, the students were able
to interact in their activities and create their own
knowledge, which they communicated with their
peers and teachers and, consequently, a positive
classroom discussion atmosphere ensued.
In this study, teaching through activities prepared according to the MIT was found to be more
effective in the students’ conceptual learning and
permanency of learning compared to traditional
teaching and this effectiveness was found to be
significant. Thus, longer-term studies of this practice, with teacher participation in the research,
must be carried out. For further studies, it is also
suggested to investigate the effects of instruction
based on the MIT on students’ mathematics attitudes and views and on students’ preferences towards multiple intelligence domains.
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Full time university students’ flipped teaching
as a way for Higher education reforms: a
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Abstract
The article analyses the main challenges and
goals of the International Higher Education by
citing key UNESCO and EU documents, takes
into account European researchers’ views on the
Higher education reform instruments and analyzes
“flipped teaching” model as a way to provide interactive web-based training of full time students,
taking into account Russian university students
and faculty experience and opinions.
The model under study is based on Constructivist Pedagogy principles, uses up-to-date ICT
tools such as Google docs, Youtube, etc. Research
methodology included experimental teaching, students and teachers’ survey. The article is supplemented with efficient research findings.
Key words: web-based teaching, flipped classroom, higher education reform, interactive university students’ digital self-studies.
1. Introduction: a strong need for Higher
Education reforms across the world
International landscape of higher education is
characterized by common goals that Higher Education Institutions share in the third Millennium.
The UNESCO 2009 World Conference on
Higher Education Communique points out that
higher education is the basis for “research, innovation and creativity”, it requires new approaches to
provide quality of teaching, using information and
communication technologies (ICT), and it “must
respond to the increasingly changing needs of new
and diverse learners” [1].
The Strategic framework for European cooperation in education and training identifies among
the key objectives such goals as “improving the
quality and efficiency of education and training,
enhancing creativity and innovation, including en206

trepreneurship, at all levels of education and training...” [2].
The key EU documents emphasize that “ the
central role assigned to education and training as
a key driver for growth and competitiveness, ICTsupported learning, a strong work-based learning
component”[3]. The Council conclusions of 2012
specify that it is crucial “to prepare European
citizens to be motivated and self- sustained learners...”, “to provide better targeted student support
and guidance” [4].
Higher Education policies in different countries go in line with the above trends.
Thus, Nicic M., Petrovic E., Sehovic S., Hajrovic
E., Pilav-Velic A., Talic A., when analysing possible ways for national education reforms in the
European context to provide conditions to achieve
European and world standards in technological and
innovative sense, specify e-learning and various
ICT to achieve the above goal, including asynchronous learning, on-line exercises at live lessons, forum and other ways of web-based communication,
virtual teaching in the real time [5, 6].
The above ways seem to be of current importance for the higher education reform and the authors have provided a very pecific and useful description of how the listed tools can be integrated
into the learning environment.
The present article takes into account the expertise and web-based training best practice examples of our colleagues from Serbia.
As far as Russia is concerned, the objectives
and priorities of the Russian Federation in the field
of higher education are specified in the Russian
State Program “Development of Education for
2013- 2020”.
The above document underlines the need for a
“radical renewal of methods and technologies of
education .... the creation of modern learning enVolume 9 / Number 1 / 2014
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vironment ..... to improve the quality of education
outcomes at different levels “ . [7].
Further on the Russian Ministry of Education has
set the task to develop a curriculum model in which
special emphasis should be laid on cutting down
class work hours in favor of students’ self studies.
Regarding the above goal, our research statement follows:
– students’ self-studies have to be organized
in the web-based learning environment that
should provide interactive individual and
group-based multilinear interaction among
learning group members and the teacher;
– special emphasis should be laid on
the process of constructing personally
meaningful knowledge for the student and
by the student through all group members’
collaboration and under the teacher’s
guidance;
– the above goal requires creating opportunities
for different learning trajectories of
interaction that should not be limited to the
one linear traditional university channel
“the teacher - the learning group members’.
2. Theoretical background for Higher
education reforms
When determining theoretical background for
interactive web-based full time university students’
training as a tool for Higher education reforms, a
significant weight should be attached to Constructivism as the mainstream for teaching and learning
paradigm, as it is Constructivist Pedagogy that lays
grounds for active intellectual learning through
experiment, real life situation research, creative
thinking, and reflection to make synthesis of prior
and newly acquired information for the purpose of
building up new knowledge [8,9].
Within the constructivism paradigm the learner is taught to become creative and innovative
through analysis, synthesis and productivity while
collaborating with peers [10,11]. Learners’ social
interaction patterns and cultural background are
taken into account to provide collaboration and
mutual understanding.
Constructivist Pedagogy argues for the dominance of inquiry-based and problem-solving learning, focuses on interdisciplinary studies, requires a
Volume 9 / Number 1 / 2014

well organized teaching process based on real-life
situations and authentic original sources to create
personally meaningful learning contexts for each
member of the study group [12].
Another crucial point of constructivist pedagogy is the requirement for nonlinear nature of the
relevant information provision and the processing
of information in the context of different perspectives [13].
The next stage for the theoretical background
discussion for web-based interactive teaching is
the ICT use [14].
It is acknowledged that the ICT emerging tools
and their integration in the social life development
have a great impact on educational environment.
The teaching tools are moving from multimedia (texts, images, podcasts) to communication
and interaction based on social media, collaboration through networks and on-line communities in
the digital environment, problem solving through
web-based crowd sourcing for distributed and
shared task performance.
Thus, we have come to the decision that the upto -date ICT tools use for the web-based interactive learning environment has become a necessity.
Furthermore, flipped teaching model has to be
taken into account when discussing possible ways
to build up a web-based interactive learning environment that could provide multiline interaction
among all the subject to the educational process
during both self-studies and class work.
The traditional system of university-based theoretical subjects teaching includes the lecture as the
key form of new material introduction, individual
self-studies to prepare for the seminar discussion,
the seminar based discussion and reports presentation, question-answer based and testing forms of
assessment. Flipped-based training involves first
independent acquaintance of students with new
material that is presented either as a video lecture
by the course lecturer, or as a video resource from
open access educational resources .
Further on the student has to perform assignments based on the above video lecture to prepare
for the seminars that focus on inquiry-based and
problem solving tasks, case studies, etc. [15,16,17].
The above model is becoming of current interest across the world, but it has not been widely
used in the Russian system of education.
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In our judgment, the flipped teaching model can
be used for interactive web-based university students training as the model can meet the requirement of interactive multiliner interaction between
all the subjects to the educational process, allows
to use the latest real life materials for educational
purposes, goes in line with and puts into practice
the constructivist pedagogy principles.
3. Research Methodology
The research focused on content and language
integrated learning and included a number of stages.
The first stage included drafting sample lessons
according to the flipped teaching model on the different subjects and for the different target groups
including:
– lessons on English for specific (legal)
purposes according to the flipped teaching
model for BA and MA law students,
– lessons for students of English -taught MA
Programs in Linguistics, specialization
in translation and interpreting for specific
purposes.
The lessons were designed as learning modules
that included the following stages.
Then, the experimental teaching took place.
The teaching process was supported by the university learning management system (further on
LMS), that allows to upload videos, assignments,
conduct webinars, organize forums. Google docs
was used for the students to share their assignments
and their cross check. The teacher and the students
also used e-mail for information exchange.
The learning process started with web-based
self-studies and then classroom activities followed.
First, a number of videos were collected from
Youtube on a particular topic under study.
Each module lasted from 6 to 15 minutes.
Each video was followed by a set of assignments.
The assignments included the facts test to verify the
students’ level of comprehension, and to focus their
attention on the basic concepts and terminology.
The next stage for the students was to respond
in writing to the questions based on the content of
the video module on the topic studied.
Some of the questions were based directly on
the video content, others required search for ad208

ditional information and accumulation of previous
knowledge.
Both facts tests and answers to the questions were
shared by the students through Google docs to be
cross checked and assessed by the teacher, as well.
Then students had to prepare the overall video lecture block synopsis and, again to publish it
through Google docs for mutual cross check and
the teacher’s assessment of each student work
with remarks and recommendations.
The above types of web video-based assignments are examples of structured students’ individual and group-based collaborative self-studies
in the digital learning environment. The above
assignments were interactive, they were done under the teacher’s guidance and they were assessed
both by the students and the teacher.
The overall web-based learning process is multilinear as there is collaboration in three directions
that include the interaction between the student
and the teacher, between the students, between the
students and the teacher.
Besides, to perform the above assignments, students ask for additional consultations from their
peers in the web through student or professional networks. Thus, the interactive nature of learning at the
self-studies stage is supported and enhanced by the
social interaction on the web. The classroom work
format combines task-based and problem solving assignments, case analysis, role-playing. The
scope, structure, and combination of these learning
technologies in the educational process were aimed
at enhancing the learning module content in respect
of previously studied video materials.
Following the above the students were interviewed about their attitudes and perceptions regarding the flipped teaching/learning model.
The descriptive method was employed to collect students opinions and attitudes.
The structured interview was used as a data
collection tool. The participants expressed their
opinions verbally, and besides, they answered the
interview questions in written form.
At the next stage, teachers who did not participate in the experimental teaching were invited to
the presentation of the interactive web-based full
time university students’ flipped training model.
Teachers got acquainted with the students’
opinions about the above model that was build
Volume 9 / Number 1 / 2014
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up on principles of constructivist pedagogy and
flipped teaching. Further on the above teachers
were interviewed regarding the above model.
Their answers were compared with the answers of
those teachers who have already been working on
the model under study.
4. Research findings
4.1. Students’ Interviews
The students were offered a list of questions
which go below in italics along with the students’
answers.
Do you consider flipped teaching suitable for
English for legal purposes?
77% of MA students and 68% of BA students
answered “yes”, explaining that it provides flexible timetable for studies, it helps to find answers
in cooperation with classmates, and to reach the
teacher’s recommendation faster and more individually oriented.
23% of MA students and 32% of BA students
answered “no”, arguing that it is time consuming.
What kind of courses (theoretical or Practice oriented) do you consider flipped teaching suitable to?
71% of MA students and 63% of BA students answered, it did not matter for them, because they liked
the procedure, the form of introducing material.
23% of MA students and 32% of BA students
considered that this form was suitable for theoretical studies.
How long do you think the video should last
(5-10-15-20 min)?
96% of 1st and 2nd BA students argued for 5 min
long videos, 4% agreed to 10 min long videos.
89% of MA students and 84% of 3d and 4th
BA students were ready to watch 10 min videos,
11% of MA students and 16% of BA students said
they could work with 15 min long videos, nobody
agreed to work with 20 min long videos.
What tasks do you prefer after watching the
video (tests, questions, task to complete the utterance, false/true tasks)?
81% of MA students and 54% of BA students
were in favor of the questions, that required additional knowledge, as the above task motivated
the students to conduct more extensive search of
information; 29% of MA students and 46% of
Volume 9 / Number 1 / 2014

BA students preferred just multiple choice tests
and false / true tasks, arguing that such tasks help
make clear the content of watched video.
How many items in each task do you consider
necessary (5-10-15-20)?
The 96% percent of the 1st and 2nd year BA
students, who argued for 5 min long videos (see
question 3), pointed out that they wanted to have
not more than 5 items in each of the after watching
video assignments.
89% of MA students and 84% of 3d and 4th year
BA students who were ready to watch 10 min videos
(see question 3), said they would prefer some 15-10
items for the test or question based assignment.
11% of MA students and 16% of BA students
who said they could work with 15 min long videos, thought of some more detailed assignment,
that could include from 15 to 25 items.
Do you agree to share your personal task results
with your peers by publishing them in the Goggle
docs (tests, question answers, lecture synopsis)?
100% of Ma students and 80% of BA students
agreed, 20% of BA students said they would prefer to work in pairs/small groups via e-mail, and
directly with the teacher.
Is pre class video -based self-studies in the
digital environment and collaboration with peers
under the teacher’s guidance enough for you to
understand the material or is it necessary to return
to it during class work?
81% of MA students and 74% of BA students
said that interactive web-based nature of flipped
teaching studies in collaboration with peers and under the teacher’s guidance made it very efficient and
they did not need to revise the video material in class.
19% of MA students and 26% of BA students
preferred to revise the material during oral discussions in class to clear up details and possible confusing issues.
What materials do you prefer to have for class
work (case studies, problem-solving tasks, inquiry-based tasks)?
Those interviewed did not specify any preference concerning the listed tasks, saying they were
ready to do all the above assignments, and underlined they did not like to do question-answer based
tasks that did not imply creative work.

209

technics technologies education management

4.2. Teachers’ Interviews
Where the teachers’ attitude to flipped teaching
is concerned it is known that those who practice
the above methodology strongly argue for its integration into the teaching environment regardless
the field of higher education. That is why it was
decided to introduce the flipped based teaching
technology to those teachers who had not been involved in using it and then to interview them further on to identify potential stumbling blocks.
There were 10 teachers who taught English
and Linguistics-related subject in English, and 10
teachers who taught other subjects. The teachers
were offered the following list of questions that go
below in italics along with the teachers’ answers.
There were no ‘tips’ for possible answers, it
was not a kind of multiple choice based questionnaire as it was created just to get the starting picture about the extent to what an average teacher
could be ready to web-based flipped teaching.
1. Do you use web-based technologies in your
teaching practice? (yes/no)
100 % answered “yes”.
1.1. If yes, please, specify what tools do you
use and for what purposes.
100% indicated the e-mail, web-search engines
to collect up-to-date materials on the taught subjects, the university site to upload teaching materials and home task class work. Only 45% of teachers of English as a foreign language mentioned
You tube video tool.
2. Do you think, students can benefit from webbased flipped teaching? (yes/no, why?)
100% of the teachers answered positively but
their answers were diversified further on regarding the next sub question.
2.1. If yes, then specify to what extent webbased flipped teaching should be integrated into
the curriculum?
50% (English language teachers) mentioned
watching video reports both for class and self-studies activities and web-based cross checks of home
task. Other 50% (lecturers of other subjects) mentioned collecting sources for students’ self-studies
210

for further students’ presentations in class. None of
the teachers mentioned any other activities.
3. What are possible positive sides of webbased flipped teaching?
100% of those interviewed said web-based
flipped model could enhance students’ individual
self-studies of the subject and did not elaborate on
the statement.
4. What are possible negative sides of webbased flipped teaching?
100% mentioned the teacher’s role might be
underestimated as students could rely on webbased sources and networking collaboration.
5. Would you agree to switch onto the webbased flipped teaching?(yes, no)
100% of teachers mentioned it would be very
time consuming for teachers. Besides, teachers
were afraid that they would be overloaded with
educational materials routine searching and students’ work additional checking and underpaid for
their additional activities.
5.1. If yes, then specify what additional conditions might be necessary.
100% mentioned that they would be interested
in such kind of work only on condition of higher
salaries.
100% mentioned the low level of motivation
from novice 1st year students.
31% stressed it would require specialized training for teachers and a detailed instruction for students.
5. Discussion
Students appreciate flipped teaching for its
flexible self-studies, means collaboration and individual teachers’ assessment.
Nevertheless 1/3 of those interviewed argued
that the above teaching was suitable for theoretical
studies.
Nevertheless it is crucial to differentiate the
structure of the learning content in view of the students’ learning experience.
The above approach concerns the video block
length, after video block tasks,
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The more experienced the students are the
faster they adapt themselves to work with videos
though the latter should not exceed 15 min.
After each video block tasks should be different, the more experienced the students are the
more complicated tasks they are ready to perform.
For 1st and 2nd year students it might be recommended to arrange multiple choice tests and
false / true tasks, for senior students a set of questions, that require additional knowledge expanded
search of information.
The junior students prefer more detailed list
of after video watching tasks, this category of
students is less ready for publicity matters in the
learning process as 25% of BA students were not
encouraged by proposal to publish their materials
in Google docs for mutual crosschecking.
Regard junior students their flipped teaching
requires revising web-based self- studies of video
material in class.
The web-based flipped teaching lays the basis
for interactive classroom activities as those interviewed were ready to do all kinds of group –based
interactive assignments in class, and refused to do
question-answer based tasks or individual reports.
Teachers do not use You tube video tool or other video resources on a permanent basis to organized structured students’ self studies.
Teachers believe that students can benefit from
the above sources being integrated into the course
guide.
Teachers do not refuse directly to use “flipped
classroom” model in the teaching, though they do
not like to be overloaded with extra work for free.
Furthermore “flipped classroom” model implementation requires teachers’ in-house particular
training.
6. Conclusions
Flipped teaching can be used for full time students’ training on a permanent basis.
The didactic technology under study meets the
third millennium digital communication realities
that move the Higher Education tools from classroom based multimedia use to web-based learning
environment construction with the focus on social
networking and crowd sourcing for interactive
task-based learning.
Volume 9 / Number 1 / 2014

Flipped teaching contributes to fostering research and creativity within the university curriculum framework as flipped classroom key
strategy and tactics envisage students’ interactive
self-studies, individual meaningful knowledge
creation by each member of the learning group,
group-based multilinear interaction among learning group members and the teacher.
Nevertheless, a course based on the flipped
teaching tools has to take into account target audiences’ particular learning experience and students’
personal values regarding web-based learning environment.
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Abstract
The euro, the official currency of the euro area,
is also a world’s major currency. Hence, it is essential to continuously monitor its strength and the
effects of the economic crisis on its stability. Along
with other factors, the fluctuation of the euro and
other currencies is significant for the commercial
and overall stability of the global economy because
exchange rates between currencies affect economic trends on a global scale. After its introduction,
the euro remained stable for a relatively long time,
even during the United States subprime mortgage
crisis. In terms of its position on the global market,
the euro has mainly appreciated against the American dollar. The European sovereign-debt crisis,
particularly sharp in Greece but equally affecting
the other countries of the euro area, has led to unusual fluctuations in the value of the euro against
other currencies. The euro depreciated in the first
half of 2011, during a volatile period for European
countries as well as for those countries with the
euro as their reserve currency. There was considerable currency fluctuation in 2011; in 2012, the
situation mainly stabilised, but the euro continued
to depreciate against some strong currencies (the
Swiss franc and the Japanese yen). The fluctuation
of the euro in comparison with the other safe-haven currencies has impacted trade between the EU
and its largest trading partners. The value of the
euro depends on the economic power of the strongest EU Member States and the macroeconomic
stability of the euro area. The slow economic
recovery has prolonged the instability and currency fluctuation into 2013 and possibly beyond.
Effective solutions are impossible to implement
fast, especially when it comes to the European
sovereign-debt crisis. The value of the euro does
not depend only on monetary stability but also on
fiscal and foreign trade stability. The United States
and China, whose institutional make-up and interVolume 9 / Number 1 / 2014

nal political consensus allow them to manipulate
exchange rates, have intentionally depreciated the
value of their currencies to boost foreign trade.
Key words: exchange rate, euro, crisis, American dollar, monetary policy, euro area.
1. Introduction
The European Union is a powerful and at the
same time, a rather complicated community of 27
European countries. The term European Communities, or European Community, has been in use since
1967, and in 1992-1993, the Treaty on European
Union (Maastricht Treaty) became effective, introducing a common currency and establishing the European Central Bank (ECB). By signing the Treaty,
the Member States transferred a good deal of their
economic sovereignty to the common institutions
of the Union. The euro was introduced in the second stage of the development of the Economic and
Monetary Union (EMU). The EU Member States
have a right to adopt the euro after meeting the Convergence criteria as stipulated by the Maastricht
Treaty, which means stable prices, a total public debt
lower than 60% of the GDP, an annual budget deficit
lower than 3% of the GDP, low inflation and interest
rates, and maintaining stable exchange rates without
devaluing the national currency.
The ongoing crises have had a negative impact
on the value of the euro. This is only one of their
many consequences, because according to Paul
Krugman “even if the financial sector is saved and
revives the credit markets, we will still be faced
with a deepening global recession” [1]. The international financial crisis, aggravated by the European sovereign-debt crisis, strongly affects national and international financial sectors, lowering
chances for obtaining new loans and increasing
the costs of both new and old debts. All these factors greatly affect the value of the euro. The Greek
crisis does affect the banking sector and balance
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of payments, but the debt crisis is still the biggest
issue. If it persists, it will prolong the recession.
Due to economic turbulence, the exchange rates
of the dollar, pound, franc, yen, rouble and other
currencies have fluctuated more sharply against
the euro, indicating a shift in economic power and
a repositioning of national economies in the global
economic arena. The current economic crisis has affected the stability of the euro in the short term, but
it is also likely to impact it in the long run. The euro
“has been a globally traded currency over a relatively long period, with its value progressively appreciating against some currencies, like the American dollar” [2]. Its moderate depreciation against
the Swiss franc and the Japanese yen did not spoil
its reputation as a hard currency. However, the year
of 2011 brought frequent fluctuations, with the euro
progressively depreciating against the world’s hard
currencies. This has been attributed to the monetary
instability of the euro area, mainly caused by the
debts of Greece and its other members. Along with
other negative consequences, this has fuelled fear
among those countries that have converted part of
their foreign-exchange reserves to the euro.
The foreign-exchange policy is important for the
macroeconomic balance and stability of any economic system, and the exchange rates must not be
overvalued or undervalued. On the whole, it should
be as close to the real effective exchange rate as possible. Unlike the United States and China, which
pursue the policy of the weak dollar, i.e. yuan, the
countries of the euro area do not intentionally depreciate their currency. Adopting the same policy
would require changing the powers of the ECB
and ensuring a political and institutional consensus, similar to that in the United States. Therefore,
the depreciation of the euro is not the result of any
measures by the ECB but rather a consequence of
the actual situation in the euro area and the EU.
When introducing the euro, the EU hoped to
boost its internal trade and export, and to lay foundations to become a global economic leader. It
particularly counted on increasing the share of the
euro in the foreign exchange market. Despite the
stability of the national currencies of Europe’s biggest economies, of which the German mark was
important on a global scale, with a 15-16% share
in the foreign currency exchange market, the situation in this respect did not significantly improve.
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Currently, the share of the euro in the foreign exchange market is 18-19%, negligibly higher to the
former share of the German mark (the exchange
rate of the euro the day it was introduced and replaced the ecu (European Currency Unit) was 1
EUR = 1.18 USA$, or 1.96 DEM).
2. Research objectives and methodology
The objective of this paper is to prove the influence of the economic crisis on the fluctuating
exchange rates between the euro and other strong
currencies, and also that the EU currency fluctuation has affected both the trade between the EU and
its largest trading partners and the global economic
trends. Foreign economic relations dictate the participation and position of a national economy in the
international labour division. They are closely connected with the foreign trade and foreign exchange
system. The foreign exchange system is a “set of
principles, rules and regulations, and measures and
instruments used in foreign exchange trading activities, like the exchange rate, terms and conditions
for the procurement, storage and use of foreign currencies, currency exchange methods, etc.” [3]. The
exchange rate influences the relative prices of locally produced goods in relation to those produced
abroad. It dictates prices in international trade, and
since there is no single international currency, the
exchange rate also facilitates foreign transactions,
affects prices in the global market, and reflects
changes in prices between countries. Namely, if
prices in one country generally rise in relation to
the prices in another country, its currency will depreciate, automatically appreciating the national
currency of the other country.
Relevant statistical methods and general economic analysis are used in this paper to study the
interdependence of the euro exchange rate against
other major hard currencies. Based on the findings, trade bewteen the EU and its major foreign
trading partners is analysed, taking into account
the impact of the global economic crisis and the
European sovereign-debt crisis.
Balancing supply and demand in foreign exchange normalises the balance of payments. When
a government chooses to manipulate its purchasing power parity (PPP), this leads to a discrepancy
between its PPP and exchange rate (e.g., when the
Volume 9 / Number 1 / 2014
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supply of the euro exceeds that of the dollar, the
dollar appreciates against the euro). In a perfect
foreign exchange market, the supply of a foreign
currency is consistent with that country’s export
profits, while import dictates the demand for foreign currencies; consequently, increasing import
will increase the demand for foreign currencies
(foreign currency supply and demand directly
reflect a country’s balance of payments). Import
payments (M) depend on the value and quantity of
import (Q), price per unit of imported goods in the
currency of the exporting country (Rm), and the
exchange rate (T) of the importing country’s national currency relative to its national price value,
M=(QxPm)xT. In an imperfect market, a country’s exchange rate equals the currency supply and
demand ratio, which is manipulated by its central
bank in a number of ways.
The nominal exchange rate, as the currency
value, is dictated by the national and foreign exchange rates and the predicted fluctuations in the
exchange rate [4].
The real effective exchange rate balances prices at the national and international level. It allows
countries to export relatively cheap goods at a profit
and to import those comparatively more expensive.
If a country’s nominal exchange rate is lower than
the real rate and is directly quoted, its currency is
overvalued. Currency appreciation increases a
country’s purchasing power abroad, lowering the
prices of foreign goods and allowing it to import
more. On the other hand, its exporting companies
earn less national currency, which in turn reduces
exports and weakens its balance of payments. Currency depreciation produces the opposite effects.
With Ѕ as the nominal exchange rate and R* as
the price per unit of foreign goods in a foreign currency, the local price of foreign goods equals R*/Ѕ.
The following formula is used to calculate the
real effective exchange rate, σ=R/(R*/Ѕ), if both
prices are in the local currency, or σ=ЅR/R*, if
both prices are in a foreign currency. Hence, it is
crucial to normalise the exchange rate and stabilise the balance of payments in the long term, even
in circumstances of free trade and free foreign exchange (Graph 1).
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Graph 1. Real effective exchange rate
With the exchange rate K1, the currency supply
and demand meet at point A, and the balance of payments is stable. A growing currency demand shifts
D to D1, i.e. to point B, with the balance of payments
stabilised relative to a different exchange rate.
3. Research findings
3.1. Euro fluctuations against the American
dollar
Economic cooperation between the U.S. and
the EU is diverse, with particularly intensive trade
and investments. Their trading activities account
for 40% of the global exchange [5], and they also
produce more than a half of the world’s total output of goods.
According to the EUROSTAT data for 2009,
the value of EU export to and import from the
United States was 205.5 and 159.1 billion euro,
respectively. Because of the economic crisis, their
total trade that year was the lowest in the period
2000-2009. The value of EU export to the U.S.
was the highest in 2006 (269.1 billion euro); its
import from the U.S. was the highest in 2000
(206.3 billion dollars). About 20% of the total EU
export goes to the U.S. (2007 – 21%, 2008 – 19%,
2009 – 19%), and import from the U.S. accounts
for 13% of total EU import (2007 – 13%, 2008
– 12%, 2009 – 13%). Except in 2009, the annual
value of trade between the EU and the U.S. in the
2000’s has exceeded 400 billion euro, i.e. which is
over a billion euro per day on average.
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Thus, the U.S. is the EU’s largest trading partner
which makes the exchange rate between the euro
and the dollar globally important. The economic
crisis has prevented the euro from strengthening
in the global markets, with the dollar remaining
the world’s leading currency, despite the many
problems of the U.S. economy. The U.S. remained
the world’s leading economy, even when its economic crisis escalated. Unlike the EU, the American economy quickly recovers from crunches and
shocks, thanks to the dollar being the world’s leading currency and the U.S. financial market exceeding that of the European Union.
The exchange rate between the euro and the
dollar is important for the EU and U.S. as well as
globally. The graph below shows the long-term
rate between the two currencies:

Graph 2. Long-term fluctuations in the value of
the dollar against the euro ($/€)
Graph 2 shows the exchange rate between the
euro and the dollar and its fluctuations in the long
term. The dashed line shows the fluctuation in the
values of the euro and the dollar (1 EUR=XUSD),
and the solid line the fluctuation in the exchange
rate between the two currencies (as calculated
based on the ECB data using the formula yt =
b0+b1*x, where b0 = ∑y / n and b1= ∑xy / ∑x2).
The fluctuation curve shows the dollar depreciated against the euro in the long term. The current fluctuation in the value of the world’s major
currencies indicates the euro is progressively appreciating, affecting the trade between the United
States and the EU, as well as trade and financial
transactions on a global scale.
However, the fluctuations in the period January to November 2012 are indicative of a different
short-term tendency.
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Graph 3. Fluctuations in the value of the dollar
against the euro in 2012 ($/€)
The curve indicates a progressive fall in the
value of the euro in the short term, with the dollar appreciating against it in the same period. The
graph shows the euro appreciated against the dollar in the period January to mid-May, but it significantly depreciated in the period May to September.
The main reason for its depreciation is the European sovereign-debt crisis. It slightly appreciated
again starting in September, but resumed a negative trend at the end of 2012. The exchange rate
between the two currencies was the lowest on 24
June 2012 (1 EUR = 1.2089 USD), and the highest
on 28 February 2012 (1 EUR = 1.3454 USD). The
average exchange rate in the observed period was
1 EUR = 1.2843 USD (ECB, Exch), [6].
The depreciation of the euro made it possible
for Germany and France as Europe’s strongest
economies to increase their exports. However, the
U.S. monetary authorities continuously depreciated the dollar, making the country’s output more
competitive, stimulating its economic growth and
increasing employment rates in the export sector
and industries, especially in times of crisis [5].
The dollar exchange rate is thus manipulated to
accommodate the needs of the U.S., especially for
the purpose of stimulating foreign trade and protecting the dollar as the world’s leading currency.
Unlike the U.S., the euro area and the ECB do not
have instruments that would allow them to bend
the EU monetary policy.
For that reason, there has been constant pressure
to gradually transform the euro area into a banking
union, a step that would require far-reaching fiscal
reforms, which Germany particularly insists on. In
this kind of situation, the Greek issue is a tactical
one, whereas the real, strategic problem concerns
the creation of the banking union, which would represent the largest-scale integration operation since
the establishment of the European Community.
Volume 9 / Number 1 / 2014
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With the exception of the rather low debt of
Luxembourg, Germany, Great Britain, France,
Italy, Spain, Holland, Portugal, Ireland and Belgium are all drowning in public debt of approximately (and well above) 80% of their GDP. The
government debt of Spain is the lowest, equaling
approx. 67% of the country’s GDP, while that of
Portugal exceeds 100%. However, very few countries fare worse than the U.S. – more precisely, it
is Greece, Italy and Ireland (the list also includes
Iceland, which recently went bankrupt). Italy’s
debt amounts to 120% (approx. 2,300 billion dollars), and is the highest absolute total debt of any
EU Member State. It is also the world’s third, after
the considerably larger U.S. and Japan. Its debt is
higher than the debts of Greece, Ireland, Portugal,
Iceland and Great Britain combined.
Despite the depreciation of the euro, the ECB
continued its strict monetary policy, pressing to
implement austerity measures not only in the euro
area but in all of the EU. The fact the EU leaders
agreed on the budget for the period 2014 to 2020
as late as February 2013 proves the seriousness of
the measures. The preliminary budget for the next
seven-year period is 3% lower compared to the
2007-2013 budget, and it will cost only 1% of the
EU GDP. Great Britain insists on fiscal discipline
and austerity, whereas France and Italy call for
higher agriculture and development allocations
(the first EC proposal predicted a 5% rise in the
expenditure budget, to a total of 1.04 billion euro).
The weaker State Members insisted on keeping
the same allocations for cohesion policy implementation, which has mostly been agreed on.
3.2. Euro fluctuations against other major
strong currencies
The euro and the Russian rouble. Russia and
the EU cooperate in many fields. Russia is the biggest exporter of oil and natural gas to the EU, and
the EU is Russia’s biggest trading partner. Their
exchange accounted for 49% of Russia’s total
foreign trade in 2011 (source: http://www.tikrf.org).
The European Union continuously reports a trade
deficit with Russia. According to the EUROSTAT
data for 2010, the value of EU export to Russia
was 86.5 billion euro, and its import from Russia
158.4 billion euro, with a 71.9 billion euro deficit.
Volume 9 / Number 1 / 2014

EU export to Russia accounts for 7% of its total
export (2008 – 8%, 2009 – 6%, 2010 – 6.5%), and
its import from Russia for around 10% of its total
import (2008 – 11%, 2009 – 10%, 2010 – 10.5%).
Trade in goods between the EU and Russia has
grown steadily in the 2000’s, and since 2007, it has
exceeded 250 billion euro annually. Such economic
relations are greatly influenced by exchange rates
between currencies, especially by that between the
euro and the rouble, as well as by their fluctuation
against the dollar and other currencies. Unlike the
euro, the share of the rouble in the total value of
foreign currency transactions is lower than 0.4%.
Nonetheless, other reasons make it one of the
world’s ‘promising’ currencies. Therefore, the exchange rate between the euro and the rouble continues to be of great relevance (Graphs 4 and 5).

Graph 4. Long-term fluctuations in the value of
the Russian rouble against the euro
The fluctuation curve shows a positive tendency for the euro, with the rouble depreciating
against it in the long term. Using the formula
yt=b0+b1*x, where b0 = ∑y / n and b1= ∑xy / ∑x2,
the following is obtained:
b0 = 364.0726 / 9 = 40.452511
b1 = 52.6781 / 60 = 0.8779683, that is,
yt = 40.452511 + (0.8779683*x)
The figure below shows the short-term fluctuation trend:

Graph 5. Fluctuations in the value of the Russian
rouble against the euro in 2012
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The trend as calculated based on the ECB data
indicates a slight short-term depreciation of the
rouble against the euro. The exchange rate was the
lowest on 15 March 2012, 1 EUR = 38.4130 RUB,
and the highest on 4 June 2012, 1 EUR = 41.8100
RUB, with the average rate 1 EUR = 39.9303 RUB.
The euro and the Swiss franc (CHF/€). Even
in times of crisis, the Swiss economy is traditionally strong. Its long-term stability stems from the
country’s neutrality recognised in 1815. Switzerland has not joined the EU because of tradition.
This country has a well-developed banking system and a strong national currency, and it is also
the EU’s important trading partner. According to
the EUROSTAT data, trade between the EU and
Switzerland amounted to 200 billion euro in 2010,
with EU export to Switzerland worth 105.4 billion
euro, and its import from Switzerland 84.1 billion
euro. Given the magnitude of trade between the
two partners, the exchange rate between the euro
and the franc is very important. Graph 6 shows the
long-term relation between the two currencies.

Graph 6. Long-term fluctuations of the Swiss
franc against the euro (CHF/€)
The graph shows a downward curve, with the
euro depreciating against the franc. This means
the franc appreciated compared to the euro in
the long term. Using the following formula, yt =
b0+b1*x, where b0 = ∑y / n and b1= ∑xy / ∑x2 produced these results:
b0 = 12.8897 / 9 = 1.4321889
b1 = -3.4904 / 60 = 0.0581733, that is
yt = 1.4321889 + (-3.4904*x)
The short-term developments are shown in
Graph 7.
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Graph 7. Fluctuations in the value of the franc
against the euro in 2012 (CHF/€)
The fluctuation curve indicates a short-term
appreciation of the franc compared with the euro.
The exchange rate between the two currencies was
the lowest on 3 September 2012, 1 EUR = 1.2008
CHF, and the highest on 4 January 2012, 1 EUR =
1.2196 CHF, with the average rate in the observed
period 1 EUR = 1.2050 CHF.
Due to the crisis, the value of the Swiss franc
has remained high in relation to all the other major
currencies, including the euro. Although Switzerland is an important trading partner of the European Union, the appreciation of the franc bears
little relevance to their trade, or to their economic
relations with other countries. Certainly, one advantage of the Swiss franc is that it is the safehaven currency of choice when avoiding the euro
and other foreign currenci
The euro and the yen (€/¥). The fact Japan is
one of the world’s greatest economies makes the
yen an important foreign currency. The trade between the EU and Japan is a thriving one, and
the exchange rate between the yen and the euro
is significant for the payments between the two
partners. The Japanese economy remained strong
during the crisis, as confirmed by the most significant macroeconomic indicators. For example, the
EU GDP in the third trimester of 2012 dropped by
0.4% in comparison with the same period the year
before, while the Japanese grew by 0.2% [7]. Although the crunch has impeded Japan’s economic
growth, it remains the EU’s important trading
partner. According to the EUROSTAT, trade between the EU and Japan amounted to 100 billion
euro in 2010, with the value of EU export to Japan
at 43.7 billion euro, and of its import from Japan at
64.9 billion euro. The fluctuations of the euro and
the yen are relevant for both their trade and global
tendencies. Graph 8 shows the long-term fluctuations of the two currencies.
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Graph 8. Long-term fluctuations in the value of
the yen against the euro (¥/€)
The graph shows a falling curve, with the yen
appreciating against the euro in the long term. It
also indicates a slow but constant appreciation of
the euro, affecting the scope and substance of the
trade between the two countries, along with their
international competitiveness and other factors.
The graph below indicates a short-term appreciation of the yen against the euro.

and stable investments, high per capita GDP, and
low inflation and unemployment rates. Despite all
this, it has been affected by the crisis. Traditionally, the British pound is a hard currency, because
of the country’s stable economy and conservative
monetary policy. The graph below shows the longterm exchange rate of the euro and the pound.

Graph 10. Long-term fluctuations the pound
against the euro (₤/€)
The rising fluctuation curve of the exchange
rate between the euro and the pound indicates the
depreciation of the pound against the euro in the
long term. The short-term developments in the period January to November 2012 can be seen in the
graph below.

Graph 9. Fluctuations of the yen against the
euro in 2012 (¥/€)
The fluctuation curve shows a falling tendency
for the euro, with the yen appreciating against it
in the short term. The exchange rate between the
two currencies in this period was the lowest on
24 July 2012, 1 EUR = 94.63 JPY, and the highest on 21 March 2012, 1 EUR = 111.11 JPY [6].
Nonetheless, due to the recession the demand for
the yen dropped, damaging its trustworthiness and
affecting the scope and intensity of investments in
the Japanese economy. Still, the Japanese banks
succeeded in mitigating the crisis, leading to a
gradual increase in the number of transactions and
contracts for the national economy [5].
Because of the great scope of trade, especially
in high technology, Japan’s economic stability has
a positive impact on the economy of the European
Union.
The euro and the British pound (€/₤). Although
Great Britain is one of the EU27 and meets the
Convergence criteria, it is not in the euro area. The
British economy is strong, with a steady growth
Volume 9 / Number 1 / 2014

Graph 11. Fluctuations in the value of the pound
against the euro in 2012 (₤/€)
The rising short-term fluctuation curve indicates
the pound also depreciated against the euro in the
short term. The exchange rate between the two currencies reached its lowest on 20 July 2012, 1 EUR
= 0.77835 GBP, its highest on 24 February 2012, 1
EUR = 0.84815 GBP, while the average rate in the
observed period was 1 EUR = 0.81077 GBP [6].
Despite the negative impact of the European
sovereign-debt crisis on the euro, it has continuously appreciated against the pound in the long
term. This is attributable to both Great Britain’s
economic problems and its monetary policy of
intentional depreciation of the pound to keep the
country’s economy internationally competitive.
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4. Conclusion
The euro is one of the world’s high-valued currencies, as it has proved vital and stable over a considerable period of time. This was especially true
in the period before the 2007-2008 crisis, which
began in the United States and spread around the
globe. Although both the euro area and the EU27
were affected by it, the euro remained strong in the
foreign exchage market.
During the crunch, especially before the U.S.
subprime mortgage crisis and the resulting decline
of securities backed by said mortgages, as much
as 60% of which was purchased by Europeans,
the euro remained stable, and as a result, both the
EU economy and its currency suffered minimum
damage.
Shortly afterwards, the European sovereigndebt crisis hit, affecting Greece the most sharply
and promising to be even worse in Italy, Portugal,
etc. In reality, the whole euro area is strongly indebted, with the government debt to GDP ratio at
well above 80%.
The government debt in the euro area and the
EU27 has negatively affected the EU currency.
This causes serious concern among the Member States as to whether the euro will remain the
world’s second highest-valued currency and be
able to guarantee the monetary stability of EU
economies in the long term.
It is increasingly certain the EU’s biggest economies, especially Germany, will not allow the abolition of the euro, although the debt crisis has spread
to most of Europe. According to the ECB data,
there are indications the economic situation in the
euro area is likely to aggravate and no improvements should be expected by the end of 2013.
The euro area has managed the ongoing crisis
with varying degrees of success. Both long and
short-term fluctuations in the value of the euro
against other currencies have confirmed this. It
was stable over a relatively long period, but it
proved weak in the short term. Due to negative
macroeconomic tendencies in the euro area and
the EU27, it depreciated in comparison with some
of the hard currencies, losing trustworthiness in
the international financial markets.
Still, the question remains if the euro is facing
problems only in the short term, or perhaps it will
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prove incapable of weathering more severe economic turbulences.
In times of crisis, especially in the period 2007
to 2009, most currencies depreciated against the
euro. In the early 2010, it seemed as if the world’s
economy was recovering. There was a slight decrease in the value of the euro, but this was not due
to the decline of the euro area or EU27 economies
in relation to the world’s other biggest economies.
It is even possible to conclude that in most cases
the exchange rates fluctuated only insignificantly.
Foreign currencies significantly fluctuated in
2011, a tendency that mainly stopped in the early
2012. Like most other currencies, the euro depreciated against the stronger currencies like the
Swiss franc and the Japanese yen.
Evidently, the destiny of the euro is closely
linked to that of the macroeconomic stability of
the euro area and all of the EU27.
This leads to the conclusion that the euro may be
expected to continue fluctuating in 2013 and possibly beyond, especially against other hard currencies. There are no ‘quick fixes’ to help protect and
empower the euro globally, especially in light of
the European sovereign-debt crisis. Strict measures
will therefore be needed, not only with regards to
monetary policy but also in the fiscal sector and foreign trade, followed by other areas (implementation
and strengthening of common policies).
On the other hand, the depreciation of the euro
against some currencies has had positive consequences. Export goods became cheaper, increasing the EU’s competitiveness in the global markets. Germany, France and other export-oriented
EU Member States have already greatly benefited
in this respect.
There is a war for monetary domination at a
global scale, especially for the world’s leading
currency. Before the crisis, a growing number of
countries used the euro as their reserve currency.
However, the European sovereign-debt crisis has
greatly reduced its reliability.
Contrary to expectations, the euro has not been
replaced with two different currencies, let alone
abolished, and no country has been forced to leave
the euro area.
Germany is the most ardent advocate of the stability of the euro zone, and its efforts have been
backed by other highly developed economies, priVolume 9 / Number 1 / 2014
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marily France. Therefore, some radical reforms
are to be expected shortly, especially towards
stricter control in the fiscal sector and laying the
foundations for transforming the euro area into a
banking union.
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Abstract
In this article the structure and algorithm of operation of the ontological model of a training course
creation module are considered, and also examples
of the interface of interaction of the teacher with a
software in the form of screenshots that are given.
The teacher has the opportunity to create and fill different courses, and also to build ontological models
of sequences of study of the courses. All data entered by the teacher remain in a database. The offered software module possesses the following advantages: fast training of the user in the course of
operation; opportunity to develop skills of operation
with ontologies if necessary; simplicity of the interface; reliability and stability of operation; simplicity of implementation and installation; possibility of
importing of the created course in Moodle system.
Key words: ontological model, distance education, training course
Introduction
The idea of application of ontologies in educational process is concentrated on improvement
of training quality [1]. In [2] the structure for the
personified remote learning in Semantic Web is
oriented on the solution of the task of automatic
generation of hypertext data structures that is offered. In [3] the approach of the personified training based on comparison of ontological model of
the user that is based on his current idea of data
domain of a c course, with ontological model of a
training course is offered here.
Editors of ontological models [4] that are in
common usage now make the considerable demands for preparation of the user in area of the
ontologies development. It hinders with wide use
of editors of ontological models by teachers as
supportive applications by operation over creation
of distant training courses.
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The actual task is the creation of software module of creation of ontological model of the training
course, which is oriented on the development of
the distant training course.
In this article the structure and algorithm of operation of the developed module are considered,
and also examples of the interface of interaction of
the teacher with a software in the form of screenshots that are given.
Concept of ontological model of a training
course
The ontological model of a training course is
represented in the form of the semantic network
corresponding to the formal description of semantics of a set of educational modules.
The semantic description of the educational
module of discipline (training course) can be provided in the following structure:
М=< I, U, Q, T, R1, R2 , R3 >,
I – element of the educational module (quantum of
educational information);
U – set of inter-element relationship of the educational module;
Q – set of types of elements of the educational module: {concept, law, explanation, additional data};
T - set of relationship types between information
items (is-a, part-of, base-on);
R1 - the incidence relation on a set I×U;
R2 - the incidence relation on a set I×Q;
R3 - the incidence relation on a set U×T.
The description of a fragment of ontological
model of the educational module is given in figure 1.
The ontological model of decomposition of
sections is considered as semantic representation
of combining of educational modules, the model
of discipline is provided in figure 2.
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to break a training course into a quantity of
sections, and also to define correlations of
these sections and sequence of their study.
3. Determination of the list of subjects of each
section and their correlations - at this stage
the teacher needs to break each section of a
training course into a quantity of subjects, and
also to define correlations of these subjects in
each section and sequence of their study.
4. Determination of the list of elements of each
subject and their correlations - at this stage
the teacher needs to break each subject into
a quantity of concepts, and also to define
correlations of these concepts in each
section and sequence of their study.
Figure 1. The Fragment of ontological model of
the section “Introduction. Purposes and discipline
tasks. Program model of the INTEL 8080 microprocessor, registers, formats and instruction sets,
methods of addressing”

Figure 2. Information representation about the
module of a training course
Ontological model development process of
a training course
Let’s consider process steps of ontological
model development of a training course in IDEF0
notation (figure 3).
Generally development of ontological model
of a training course includes the following stages:
1. Determination of the purposes and
boundaries of created ontological model –
at this stage the teacher needs to define the
purposes which need to be reached within
discipline study; fullness of a training course
a material for study.
2. Determination of the list of sections and their
correlations – at this stage the teacher needs
Volume 9 / Number 1 / 2014

Figure 3. The main stages of the development of
ontological model of a training course
Program implementation of the ontological
model of a training course creation module
In the work of Jaemu LEE, Sanghoon PARK,
Kwangho KIM “Web based adaptive testing system (WATS) for classifying students’ academic
ability” [5] was provided the system, allowing to
automate development process and examinations
of students. In this article the main attention was
paid to adaptation of tests questions to the opportunities of students. Questions of efficiency of application of online tests also were considered in operation of OSUJI Ph.D “The use of e-assessments
in the nigerian higher education system” [6].
The system developed consists of the following modules:
1. The module “Student” which is intended
for information provision on the selected
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discipline according to the generated
path and psychophysical characteristics
of a student, and also for control of the
received knowledge. In this module are also
considered the parameters of the training set
by the teacher which values change in the
course of material study.
2. The module “Teacher” which is intended
first of all for creation of ontological model
of a training course: partitions on sections,
subjects, concepts, examples and test
questions which belong to a certain concept
of course. The module “Teacher” is provided
ability to set starting values of parameters
of training: total time of training, time of
one session, time of one portion of training,
information volume which is to be acquired
for successful certification for discipline,
and also complexity of a provided material
and control questions.
3. The module “Adaptation” which is intended
for adaptation of a path of training, the
interface and training parameters. In this
module prediction of change of student’s
state and of parameters of the current training
session are also carried out. The neuronetwork
model was selected for creation of the
module of prediction. Hopfild’s one-layer
neural network was selected for the solution
of the task. The network actually remembers
samples before on its input real data arrive,
and can’t change the behavior.
In system developed the main attention is paid
to adaptation of a training material to personal
psychological and physical opportunities of a
student such as: attention, speed of perception of
information, type of nervous system, ability to information perception, etc. [7, 8]
The student has opportunity to study subjects
of lecture courses, to pass control tests, to send
solutions of practical and laboratory jobs for the
server of automated system.
The ontological model of a training course
creation module is a part of developed automated
system of training, which is adaptive to the psychophysical characteristics of the student. This
module is intended for creation of ontological
model of a training course.
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Potential users of software module of a training
course are teachers.
1. The functions implemented by software
module for the teacher:
– support of development process of
ontological model of a training course for
the purpose of the subsequent solution of
tasks of remote learning:
– operation with courses (adding, editing,
deleting);
– operation with course sections;
– operation with subjects of the section of
course;
– operation with concepts, examples and
control questions of subjects of course;
– creation of a hierarchical tree of course;
– creation of ontological model of course.
2. guiding of basis of ontologies of training
courses.
3. generation of a distant training course in a
Moodle system format.
ER-diagram of a database of system and
the class diagram of the developed module
As a result information on courses, sections
of each course and their correlations, subjects of
each section and their correlations are stored in the
filled database, concepts of each subject and their
correlations.
On developed ontological models of elements
of course the following restrictions are superimposed: there shan’t be hook and cyclic compounds
of elements of course (that can lead to cycling of a
path of training). In figure 4 the ER-diagram of a
database of system is provided.
In figure 5 the class diagram of the developed
module is provided. Some classes are provided
in expanded form (fields and class methods are
shown). Let’s consider the main Classes of the developed module.
The class “discipline” – contains the information on each course, stored in a database. Main
fields: “ID_D” – the identifier of course, “Kolvo_
hour” – a course number of hours (the calculation
is based on a number of hours for each section of
course), “Links” – an array of links to coupled
elements of course (entering and proceeding),
“Name_D” – the course name.
Volume 9 / Number 1 / 2014
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Figure 4. The ER-diagram of a database of system
in the Visual Studio 2010
The class “razdel” – contains the information on
each section of the selected course, stored in a database. Main fields: “ID_D” – the course identifier
(a communication field), “ID_R” – the identifier
of the section, “Kolvo_time” – a number of hours
led out on section study (the calculation is based
on a number of hours for each subject of the section of course), “Links” – an array of links to coupled elements of course (entering and proceeding),
“Name_R” – the name of the section, “Order_num”
– sequence number of an element of the course.
The class “theme” – contains the information
on each subject of the current section of course,
stored in a database. Main fields: “ID_R” – the
section identifier (a communication field), “ID_T”
– the identifier of a subject, “Kolvo_time” – a
number of hours led out on study of a subject,
“Links” – an array of links to coupled elements
of course (entering and proceeding), “Name_T”
– the title of a subject, “Order_num” – sequence
number of an element of the course.
The class “ed_znanie” – contains the information on each concept (knowledge unit) current subject of the course, stored in a database. Main fields:
“ID_T” – the subject identifier (a communication
field), “ID_Zn” – the identifier of concept, “Name_
Zn” – the name of concept, “Formulirovka” – a
statement of concept, “Order_num” – sequence
Volume 9 / Number 1 / 2014

number of an element of the course, “Slogn” – complexity of perception of concept (it is initially set
by the teacher, in the course of system operation it
is enumerated in compliance with responses being
trained), “Ves” – a weight (importance) of concept.
The class “examples” – contains the information
on each example for the current concept of the current subject of course, stored in a database. Main
fields: “ID_Zn” – the concept identifier (a communication field), “ID_E” – the identifier of an example, “Formulirovka” – a statement of an example,
“Order_num” – sequence number of an element
of course, “Slogn” – complexity of perception of
an example (it is initially set by the teacher, in the
course of system operation it is enumerated in compliance with responses being trained).
The class ”vopros” – contains the information
on each question for the current concept of the current subject of course, stored in a database. Main
fields: “ID_Zn” – the concept identifier (a communication field), “ID_V” – the identifier of a question, “Formulirovka” – a statement of a question,
“Slogn” – complexity of perception of an example
(it is initially set by the teacher, in the course of
system operation it is enumerated in compliance
with responses being trained).
The class “otvet” – contains the information
on each response for the current question, stored
in a database. Main fields: “ID_V” – the question
identifier (a communication field), “ID_O” – the
identifier of the response, “Formulirovka” – a
statement of the response, “Praviln” – a sign of, if
the answer is correct or not.
The class “params_obuch” – contains training parameter values for each training session and
teacher. Main fields: “ID_Seance” – the identifier
of training session, “ID_Stud” – the identifier being trained (a communication field), “kolvo_info”
– amount of information which should be acquired
for training session, “kolvo_porc” – quantity of
given portions of information, “skorost_info” –
feed speed of information (time for one portion),
“stretch_porc_info” – the volume of one portion.
The class “stud_znanie” – contains estimates of
knowledge being trained on the studied concepts.
Main fields: “ID_Zn” – the concept identifier (a
communication field), “ID_Stud” – the identifier
being trained (a communication field), “Ocenka”
– student mark.
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Figure 5. The Class diagram of the module of creation of ontological model of a training course in
the Visual Studio 2010
The class “stud_pfc” – contains parameter values of psychophysical characteristics of each student. Main fields: “ID_Stud” – the identifier being
trained (a communication field), “din_vnimanie” –
a parameter value “dynamic attention”, “func_ns”
– a parameter value “level of the functional mobility of nervous system”, “koef_zabif” - a parameter
value “ forgetfulness coefficient”, “sposobn_obuch” - a parameter value “ability to information perception”, “utoml” - a parameter value “fatigue”,
“vinoslivost_ns” - a parameter value “endurance of
nervous system”, “vospr_info” – a parameter value
“type of perception of information”.
Operation algorithm of the ontological
model of a training course creation module
In figure 6 the general operation algorithm of
the ontological model of a training course creation
module is provided.
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The operation algorithm of the module consists of the following. After an application launch
the teacher enters the login and the password for
authorization and authentication in system. If the
teacher with such login and the password is found
in a DB, there is a primary window of application
in which possibility of operation with courses is
available. The teacher can create new course or select one of the existing for further operation.
After a choice (creation) of the course for the
teacher there is an available operation with the
course elements. All elements of the course are located in the form of a hierarchical tree that facilitates their perception and navigation on this tree.
The teacher can create new elements of the
course, edit and delete the current elements. After
creation of all necessary the course elements the
teacher can start creation of ontological model of
the course elements. Two methods of creation of
Volume 9 / Number 1 / 2014
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this model are implemented: 1 – the teacher can
select and connect manually course elements; 2 –
the teacher can select automatic creation of ontological model (in this case the model of sequence
of study of the course elements in the order in
which they were added in system will be generated) and after that to realize correction of necessary communications in model.

Figure 6. Operation algorithm of the ontological model of the course creation module
After creation of ontological model there is a
saving in a database of all changes in sequence
of study of elements of course. This sequence is
considered in case of material generation being
trained for each training session.
Operation with the module of creation of
ontological model of the course
The software module of creation of ontological
model of structure of a training course can be used
by any teacher for development of the electronic
version of the lecture course, allowing to create
some paths of training within course. Correlations
of elements of the course are created at several levVolume 9 / Number 1 / 2014

els: level of sections of discipline, level of subjects
of the section and level of concepts of a subject.
In case of an application launch at first the window of authorization of the teacher. After authorization there is a start of the main application window
which contains the list of the courses. For operation
with any course it is necessary to select it from the
list and to press the “Select” button then the form
containing hierarchical structure of the course and
tools for operation with the course appears.
In figure 7 the form for operation with course
“Computer-oriented languages” is shown.
Depending on type of the selected node of course
the functional purpose of buttons is changed. The
type of the current selected node is shown to the left
of the buttons. Contents of the current selected node
are shown on a panel on the right.

Figure 7. The form for operation with course
“Computer-oriented languages”
Description of buttons (order from left to right):
To save the course in a Moodle system format, to
Add an element of the same type to a parent node, to
Edit the current element, to Set up ontological model for the current node, to Delete the current element,
to Add the descendant leaking elements, to Move an
element on the first place, to Move an element on
one line item up, to Move an element on one line
item down, to Move an element on the last place.
In figure 8 the ontological model is provided.
Hierarchy:
Discipline
Discipline section
Subject of the section of discipline
Concept of a subject of the section of
discipline
227
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Further development of this module will be the
possibility of creation of ontological model of the
course developed at present based on algorithms of
context-sensitive search of concepts of the lecture
course text and arrangement of scales according to
the frequency of keywords appearance in the text.
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Conclusions
In this article we described the structure of the
module of creation of ontological model of the
course (in the form of the class diagram), the general algorithm of operation of the module, and also
the screenshots showing the interface of the developed software were given.
The teacher has the opportunity to create and
fill different courses, and also to build ontological
models of sequences of study of the courses. All
data entered by the teacher remain in a database.
The ontological model of the course creation
module allows to build models of knowledge at
the level of sections of the course, subjects of the
section, concepts of a subject that allows to create some paths of study of the course. In turn it
becomes possible to reach the training goal that
teacher described as, for example a set of satisfactory estimates on key concepts, by means of different paths of training.
The offered software module possesses the following advantages:
1. fast training of the user in the course of
operation;
2. opportunity to develop skills of operation
with ontologies if necessary;
3. simplicity of the interface;
4. reliability and stability of operation;
5. simplicity of implementation and installation;
6. possibility of importing of the created course
in Moodle system.
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Abstract
We are aware that primary school teachers
faced with students who have special needs, and
are not educated enough that they can deal with
this problem. They need education, exchange of
experiences you could implement in practice what
is expected of them.
“Inclusion is pedagogical - humanist reform
movement that seeks to achieve full equality of
every child and the provision of such conditions
in schools which will enable the optimum development of each child according to his ability.”
(Pašalić - Kreso, 2003)
Teacher being the first person with whom the
student meets the school knows that he spends
inclusion, creating a pleasant social - emotional
climate, motivation, freedom to their students and
mutual learning and helping all students in the
classroom. Inclusion of the “endless process of
continuous learning and increase participation of
all students, the ideal that schools can aspire, but
which was never fully realized.” 1
It is important to support diversity, a quality
manner. It implies mutual cooperation of teachers,
parents, students, schools and communities in order to achieve the goal of inclusion. Each department has a student with special educational needs
and gifted students. The teacher is to observe,
notice and recognize, and provide all the best to
the individual needs of pupils are met. This is the
only way a good way of achieving each student. In
teaching mathematics, inclusion is a special place,
because obviously the application of mathematics
in everyday life. Learning through play, preparation of interesting assignments, reading and math
to come up with a story the teacher will arouse

interest in this subject, which is not everyone’s
favorite. Inclusive teaching of mathematics will
enable students with special needs in this case the
implementation of the individualized approach
and IPP to achieve the maximum, in accordance
with their mental and physical abilities.
In this research work attitudes teachers, parents
and student papers are optimistic. Show that with
the creation of conditions of inclusive schools to
fully embrace inclusion as a good teaching practices. If teachers continue to create warm socio
- emotional climate, students will accept and respect each other according to their differences.
Key words: Inclusion, student, mathematics,
individualized approach, teaching, motivating, IPP
Introduction
Inclusion in mathematics is the notion of involvement in the adoption, exercise and work
math “all” students, regardless of its difficulty or
visible progress.
Very interestingly, in mathematics (Wikipedia)
is the inclusion of:
Subset: If every member of A is also a member of set B, then the A says it is a subset of B, is
written and pronounced A is contained in B. It can
also record the reading as B is a superset of A, B
includes A or B contains A. The relationship between the meetings set up with is called inclusion.
If A is a subset and not equal to set B, then the A
says it is a proper subset of set B, written with (A
is a proper subset of B) or (B is a true superset
of A). However, in some literature to read these
symbols as well as II, and therefore often prefer to
use the more explicit symbol for a proper subset
and superset.

1 Booth, T., Ainscow, M., Save the Children, Index of
inclusion, CSIE, Zenica, 2008.
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Picture 1. A subset of B
Examples
– The set of all women is a true subset of all
people.
The empty set is a subset of each set
and each set is a subset of your own:
Retrieved from http://hr.wikipedia.org/wiki/Skup
In the inclusive teaching of mathematics we
have to consider the psychological foundation of
the process of adopting the basic mathematical
concepts in which the teacher chooses a manner consistent with the capabilities of the child.
Given the age of children first grade (sixth, seventh year), school beginners learn mathematics
with a very pronounced specific status of intellectual development which affects most directly
methodological design of the teaching process.
(Markovac, 1992)
Inclusive education requires a special preparation of teachers so it is impossible not to consider
the goals of the mathematics curriculum that will
serve to implement inclusive teaching and evaluating student performance. An important role is
played by development and specificity of higher
mental functions, such as various forms of memory, attention, perception, successive functions.
These functions determine the child’s cognitive
style and individual uniqueness in the processing
of external information in the brain. Once the required functions are not developed child encounters great difficulties in learning mathematics. 2
Inclusive teaching mathematics
Mathematical notion of inclusive education refers to education that promotes education for all
2 Sharma, C. Mahesh, Learning of Mathematics, Framingham, MA, USA, 2001.
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pupils in primary schools, all children have the
right initial mathematical concepts to play and
learn together, especially through play.
From the initial teaching of mathematics is
necessary that:
– Facilities should be planned to enable
the practical application of mathematical
knowledge in order to facilitate orientation
of students;
– the formulation of tasks tend connecting
with the practical needs of each student;
– a planned program should not be a limiting
factor for the student;
– how well planned lessons and how to adapt
an existing program a child with special
needs;
– from the classroom teacher is expected
in these circumstances to express itself a
certain universality, which is determined by
the specific circumstances of teaching;
– In addition to general knowledge of the
pedagogical and psychological principles, it
is his knowledge of special pedagogy and
psychology, methods courses and skills.
Examples of inclusive teaching mathematics
students in primary school “Aleksa Santic”
Disabled child - E. S. was born in 2002. in Priboj. Now a student of other more important class,
and when he started the research was in the second
half of first grade.
She was born with physical defects of the
head, feet and hands. Mother has recovered from
measles during pregnancy, which is considered
the cause of physical disability. She went to kindergarten for three years. He first enrolled in our
school 2009/2010. year.
The girl was twelve operations. In November
2009. years she has conducted operations on the
fingers of his right hand. Currently going to physical therapy to improve the functionality of the
fingers. The girl was left-handed and write without difficulty. On the problem encountered when
working with dough, or when the material is cut
with scissors, so she needs extra help from teachers. Otherwise, the student is easily monitored
program for first grade, and now follows without
much difficulty for the second year of regular priVolume 9 / Number 1 / 2014
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mary schools. Adopts most of the content as well
as other students, in addition to a home with his
mother. Development and progress is constantly
monitored and teacher educators in our school.
In the first class adopted the planned activities in
mathematics. Solves problems mainly with the support of teachers. The girl knows to map a set of elements together. Understands relationships among
numbers - bigger, smaller, equally. In the second
grade students had difficulty digit addition and subtraction of numbers with the crossing. She learned
to count first the long way (up to tens), then the unit.
The teacher works on an individualized approach.
With students working on additional teaching and
constantly negotiate with the girl’s mother, as well
as how to learn mathematics (sticks, balls ...) because girls can not count on the fingers.

Picture 2b.

Picture 3.

Picture 2a.
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The student M. M. was born in 2001. Whatever. in Sarajevo. In the first class enrolled in 2007.
years, and now the fourth grade. When we started
researching, the student is attending third grade.
According to doctor’s diagnosis of the boy has elements of autism. At the beginning of first grade, put
together a syllabic and trosložne, complete sentences. Understood and followed simple verbal orders.
Receptive and expressive language was delayed.
When the teacher talked with him, could not
long sustain attention and concentration, listening to
him speak. Radio is a small and fast, were it needed
further clarification at work. In the second semester
of first grade concentration and attention are shortlived; default picture is just a little and began to
paint said. He began to do the task, then paused and
continued to do something else. In some moments,
he refused to cooperate. Mathematical content is
not finished until the end, but at least it worked. Did
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not like to tidy up their books and school supplies in
a bag. At the end of first grade behavior is slightly
improved, the more he listened in class. Did the job,
but incorrectly, or that it is like. It takes a while for
constant supervision. In the second half there were
days when he was interested in the work, and sometimes just walking around the room and toured objects. He was sitting on the bench. Sometimes they
would listen, so he came down from the bench, but
in most cases continued to sit.
Needed intensive speech therapy exercises.
There are also some echolalia. Did not adopt what
is planned curriculum so far. It takes an individual
approach to work.
Mathematical knowledge at the end of first grade:
teachers with the support means to write numbers up
to 3 (three). He is interested in sticks for counting
them together to form shapes. To count to 5 (five). I
do not understand addition and subtraction of numbers. Do-task, but done incorrectly or that it is like. In
the second class of communications with the teacher
is quite good. Naturally, all of which she speaks.
Often the word is pronounced in German as watch
television programs in that language. When you get
tired, then do what he wants (a walk, the line, the
game). In second grade he learned to count to 10 Often seen images from the textbook - the traffic, cops,
cars, danger at home. Every day he painted several
times, drawing cars. Did not understand the written
requirements of the curriculum leaves. The teacher
was trying to talk about the verbal tasks. Once he was
in the mood for conversation, and sometimes not.
Continued observation of the Center Vladimir
Nazor (class II). Mobile observation team did a
retest previous findings from the previous school

year. Students and parents are given sufficient time
to carry out medical examinations for all neuropediatricians. Parents occasionally get hints and tips
for training students at home, eg paint Teaching paper - drill motor, a voice analysis to practice words
- around, teddy bear, house, etc. math - practice
counting using pencils to 3 (a reasonable count, not
mechanical). When the co-operation with the parents concerned, it is well made with the boy’s father,
because otherwise it on water supply and drainage
from the school. Both parents are aware of the IP
work program. Counted mechanically sticks to 10
and an additional motivation writes the numbers
from 1 to 5 Writing letters and numbers is not a linear system, ie in the box. Numbers and letters can
be identified when they write. His hand jerked when
he writes. Happy to talk about image contents from
a textbook of mathematics. Pronounce words and
to short, sometimes incomprehensible. It used to be
equated with illustrations of boys. Use one or two
colors when painting. The works are unusual, sometimes recognizable, sometimes not. He is interested
in content from textbooks - pictures, loves to talk
about their contents. Writes numbers to 20, adds to
the number 10 by adding the number 1 At the beginning of the month of October was a retest of previous findings, students of the mobile team. IPP is
made from the Bosnian, Croatian, Serbian language
and literature, mathematics, and my environment
for students (school teacher, a teacher and therapist).
Completed the retest, and it was decided that the boy
will work for IPP permanent character. Content in
mathematics, numbers and symbols could copy independently. It takes work, practice and move on to
further adoption. IPP math looks like this:

Predmet. MATEMATIKA
Sadržaji

Ciljevi

Prilagođeni postupci

Didaktičko
metodička sredstva

Očekivani
rezultati

Sabiranje brojeva
do 10, vježbanje
Oduzimanje
brojeva do 5 uz
manipulativni materijal
Crtanje geometrijskih likova
Crtanje, razlikovanje,
upoređivanje predmeta iz prirode

Razvoj sposobnosti
koncentracije i pažnje.
Razvoj vidne i slušne
percepcije. Razvoj
sposobnosti što
jasnijeg matematičkog
mišljenja i
izražavanja, smisal
za red, preciznost,
preglednost i tačnost
u radu.

Prilagođavanje specifičnim potrebama
učenika (češće provjeravati znanje u
kraćim vremenskim jedinicama i s
manjim brojem zadataka).
Usmjeravanje pažnje na ponuđene
sadržaje, ponavljanje objašnjenja više
puta, provjeravanje šta je usvojeno,
a šta još treba ponavljati. Sadržaje
raščlaniti na manje korake i početi
od onoga što dijete već zna. Varbalna
komunikacija-pohvale, nagrade,
ohrabrivanje i savjeti.

Udžbenik, konkreti
iz okoline, ilustracije,
aplikacije i slike
predmeta i bića,
nastavni listovi
prilagođeni.
Metode- razgovora,
demonstracije, globalna
metoda. Princip
očiglednosti, izvorne
stvarnosti i povezanosti
sa životnim situacijama.

Usvajanje
sabiranja do 10
i oduzimanja do
5. Preponavanje
i imenovanje
geometrijskih
likova.
Savladati
crtanje,
razlikovanje i
upoređivanje
predmeta.
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Picture 4.

Picture 6.

In fourth grade students learned to count to 20
Can compose a drawing of counts population size
range (the first was the teacher worked to 10, to
20, etc.). Addition was approved to 10 with the
help of manipulative materials and the continuing
momentum of the Master.

Did not know how to write cursive letters, and
especially the teacher worked with the girls. She
learned to write numbers to 20 and adopted the
reading and writing numbers.
Work, exercise and deal with the SOS mother,
the girl has progressed. In third grade, adopts the
numbers to 100, addition and subtraction dvocifrenih numbers. Gradually adopt the course first
with the tens, then no crossings with crossing, but
it is very well adopted. It takes an individualized
approach to students. Today, girl knows multiplication tables and division, and can do simple
tasks. With constant practice and work, contacts
with her mother and aunt to spend time with girls,
girls’ progress. Also, it is very important motivation for praise, applause and highlight progress in
mathematics over other students.
L. Đ. born 1999th in Sarajevo. Now the fifth
graders. When we started the research was the
fourth grade in my class. He first enrolled in our
school 2005th year and conducted tests, but on the
recommendation of the school counselor (Mary
Vajdec) and special education teachers with whom
she worked (Mr. Veljkovic Vasilija) waiting for a
year. In the first class enrolled in 2006. Whatever.
That year she went to kindergarten. Socialized to
have learned to keep a pen and practiced motor
skills. Worked Achilovih tendon surgery in orthopedics. From the first days after the conversation

Picture 5.
H. S. is now a fourth grade student in our
school. When we started the research was a third
grader. She came from elementary school, “Hamdi Kreševljaković” at the beginning of the second
semester of second grade.
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with the teacher that the girl would go into my
branch, I tried to get information more about cerebral palsy.
From first grade special education teacher goes
to mr. Vassily Veljkovic. Constantly coordinate
with special needs, from the first meeting which
was organized in our school (Mobile team: Mary
Vajdec teacher, special education Almina Hajduk
and Vassily Veljkovic). It is of great importance
to the mother with her work very much and consulted with me about emotions, conversations,
tasks and any activities that we had in the classroom and at school. In workshops for parents who
are organized in the first grade, my mother is truly
and fully express their views and opinions, and
exchanged experiences with other parents. The
first class is an adaptation of girls took as other
students, we participated in the game, like a “child
of” at the morning meeting, we sang beautifully.
Addition to the crossing is defeated, a partial seizure. In concert with special needs, we take away
the easy way, and then we move on to direct subtraction. The third class consisted of up to 20 correct, she would write the number. Addition is fully
adopted, and the seizure of the crossing should
still practice. She went with mr. Basil regularly,
and has practiced with her. Written letters to her
had a specific shape, which sometimes bothered
her, so we have a brief conversation, the applause
and praise to motivate a girl to be happy.
During the third class adopt the double digit
numbers to individual rate (tens, units, reading
and writing double digit numbers). Gradually we
worked on and adopted the addition and subtraction. Adopt a pooling double digit and a single
digit number (no crossing is crossing). Seizure
without crossing was partially known to do, but
the crossing was supposed to practice.

Picture 7.
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In the second half of third grade passed the
appropriation, we worked on additional teaching
them to master course in consultation with therapists and the mother of girls. She began to adopt
the multiplication tables (2 and 4). Numicon we
practiced, from simple to more complex examples.
Operated on the tonsils and the mother constantly came, we talked regularly by phone, preparing her materials that would not have much
content remained unlearned. Such a parent would
want any. Volume was a little girl and her mother
regularly carry a student from classes. Basically,
the girl was returning to school the last two weeks
showed their effort and work.
She practiced on holiday (mother brought exercise book). She was a regular therapist, and on
holidays. The fourth class consisted of up to 100
exactly, knew how to write and compare numbers.
Addition dvocifrenih numbers is fully aware, and
subtract the crossing was supposed to repeat and
remember. Gradually adopted a three-digit numbers (hundreds, tens, units, reading and writing
trocifrenih numbers).

Picture 8.
Now, in fifth grade for the L. individualized
approach to teacher Nermina Sisic. Multiply the
two-digit and three-digit number. Independently
solves simple text task. Sharing one-figure number of very successful deal, sharing a double digits, her teacher a little easier. I still go defectologist
mr. Vasilija Veljković once a week and exercise
at an additional classroom. Students have regular
work with the mother homework.
Volume 9 / Number 1 / 2014
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Conclusion
Inclusive teaching mathematics is applied in
work with students on an individualized approach
and individually tailored programs. The importance of teaching mathematics is much larger than
we are sometimes able to perceive. It is very important to stress that teaching mathematics is not
self-purpose and should be correlated with other
subjects, especially in classrooms. Proper counting, counting, identifying, analyzing, developing
logical thinking and reasoning is something to
Thebes, and insist they should be seen and developed every day regardless of the timetable.
Five minutes of mathematics during any hour is a
good psychological break, relaxing in the function
of the understanding of specific content, and increase the motivation to work. And in the Bosnian
language (counting sounds in words) and music
culture (counting rhymes), and in my neighborhood (right, left, front, behind ...) are correlative
inclusive amenities that help make the teaching of
mathematics to a child with disabilities feel partly
because the department understands the content.
What is needed is continuous education of
teachers, and parents in this field. It is important to
continue exploring the characteristics of individual programming and planning, because programming is a specific intellectual creative act that is
based on the teacher’s theoretical knowledge and
experiences of previous practice, a significant factor in successful programming and planning of the
professional qualifications of teachers.
To the teacher used to work in an inclusive
class, must be psychologically stable person, very
professional, focused on each “child” in the truest sense of the word, in order to teach, assist,
facilitate children with special needs and gifted
students. He must be aware of lifelong learning,
which involves the acquisition and modernization
of all types of abilities, interests, knowledge and
qualifications, and constantly exchange experiences with other teachers from our schools and
from other schools.
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Abstract
Work equipment is a key factor for creating the
value of products; therefore, the design and selection of work equipment is increasingly focused on
its adaptability. The adaptability of work equipment in the form of flexibility and reactivation is
defined by its universality, mobility, modularity,
compatibility and economy.
This article presents a system of evaluating the
adaptability of work equipment and a method of
selecting equipment with the maximum adaptability index (i.e. the optimal one) from a group of
available work equipment.
Presented are the results of designing and
weighing the criteria of the target tree, as well as
results of coarse and fine selection of the optimal
CNC lathe, considering its expected adaptability.
Key words: adaptability, flexibility, reactivation, universality, mobility, modularity, compatibility, target tree.
1. Introduction
The production programmes of small and medium enterprises are subject to continuous changes
and ever increasing customer requests for the shortest possible delivery times, the best possible quality
and the lowest possible prices of products. Companies are faced with unstable demands regarding the
types and quantities of products. Due to unstable
demand, frequent changes of functions and the layout of work equipment are required. Often problems
with the adaptability of work equipment occur.
Hernandez [1] wrote that adaptability is the potential of the company to carry out both the purchase of low-cost goal-oriented work equipment
and the reconfigurations of it.
Reinhar [2] and Zäh [3] understood adaptability to be an extension of flexibility.
Nyhuis [4] said that adaptability is associated
with additional costs of investment and consumption of time; however, the costs apply only when
changes are carried out.
236

Wiendahl [5] wrote that it is necessary to distinguish between five levels of adaptability: universality, mobility, modularity, compatibility and economy.
As a carrier of value creation, work equipment
is the key factor of production. Today, the design
and selection of work equipment are increasingly
oriented towards its adaptability, mostly because
of unreliable market forecasts [6,7,8].
The adaptability of work equipment means its
ability to be adapted (at low cost) according to internal or external technological, structural, or organisational changes.
The adaptability consists of flexibility and reactivation of work equipment.
Flexibility means that the work equipment is
oversized with respect to the currently required
functions, performance and accuracy. It allows
the management of future, planned-in-advance
scenarios. Additional functions are available and
can be activated when needed. Work equipment is
required to be able to adapt to new circumstances
and new needs at low costs [9].
The reactivation of work equipment is the
capability of reacting to new circumstances that
were not known in the planning phase. Such a reactivation is carried out by using their reconfiguration capability. The desired result of reactivation is
modular, reconfigured work equipment.
When designing or selecting work equipment, it
is necessary to take into account the requirements
that must be met by work equipment in view of
technological functions and adaptability. An exact
specification of the work equipment adaptability
is required.
2. Components of work equipment
adaptability
Adaptability of work equipment in the form of
flexibility and the reactivation of work equipment
is defined by [5]:
– universality of work equipment,
– mobility of work equipment,
Volume 9 / Number 1 / 2014

technics technologies education management

– modularity of work equipment,
– compatibility of work equipment,
– economy of work equipment.
The universality of work equipment refers to
its design and dimensions so that it can carry out
various tasks (Figure 1).

Figure 3. Modularity of work equipment

Figure 1. Universality of work equipment
Today, work equipment is very universal; e.g.
a work piece can be completely processed on a
turning-milling centre.
The mobility of work equipment refers to its
ability to be moved if the structure or layout of the
factory is changed (Figure 2).

Interfaces have to fulfill the requirements of
simple assembly and disassembly, precise positioning and high rigidity. Modularity must be
carried out so that the buyer can change the work
equipment by himself.
The compatibility of work equipment refers to
the possibility of its integration in the existing production structure (Figure 4).

Figure 4. Compatibility of work equipment

Figure 2. Mobility of work equipment
The mobility of work equipment is influenced
by its mass, size and transport mode. For work
equipment that cannot be transported as a whole,
it is important that its components can be simply
dismantled and re-assembled afterwards.
Modularity of work equipment refers to modular
design and standardisation of interfaces (Figure 3).
Volume 9 / Number 1 / 2014

The following interfaces are important for factory planning: control, IT and communication,
mechanical, energy, user and material flow. In
addition to connections and joins, the term ‘interface’ also refers to the systems of the tools. The
technology of connections is the decisive factor
of compatibility. The producer of work equipment
must sell only standard connections.
The extension of the available functions of
work equipment always depends on the economy
of doing so (Figure 5).
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3. System of assessment of work equipment
adaptability

Figure 5. Economy of work equipment
If extensions of functions were foreseen by the
producer of the work equipment, the extension is
usually economical; otherwise, it is not.

The results of the assessment of work equipment
adaptability will be presented as indices or adaptability of work equipment ‘K’ with regard to universality, mobility, modularity, compatibility and economy.
Building the target tree procedure can be used
in order to assess adaptability of a piece of work
equipment [10]. This is a comparative procedure
that allows an assessment of at least two work
equipment units. An essential part of the target
tree procedure is the hierarchy of criteria, i.e. the
logical classification and grouping of criteria. The
target tree in Figure 6 shows a general tree of criteria for assessing adaptability of work equipment.
A tree of criteria is the result of teamwork [11, 12]
On the first level of the target tree, there is a
target criterion, which corresponds to the searched
target index value of work equipment adaptability.

Figure 6. Hierarchy of criteria for assessing adaptability of work equipment
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The following sub-criteria are on the second
level of the target tree: universality, mobility,
modularity, compatibility and economy [13].
On the third level of the target tree, there are
the required basic criteria, for which the schemes
of fulfilment are made and from which the values
of meeting the criteria di,j can be found. The schematics regarding the fulfilment of criteria on the
third level are usually set up in cooperation with
the suppliers of work equipment.
For each basic criterion on the third level of the
target tree, a scheme regarding the fulfilment of
the criterion must be formed and on its basis the
value of fulfilment is determined.
Figure 7 presents an example of a scheme regarding fulfilment of the ‘mass’ criterion.

di,j – the value of fulfilment of the i-th criterion of
the j-th work equipment
Figure 7. Scheme on fulfilment of the ‘mass’
criterion
It can be seen from Figure 7 that if the mass of the
work equipment is 1 t, the work equipment obtains
100 points, while it obtains only 10 points if its mass
is 20 t. The assessment of all criteria on the third
level of the target tree is carried out in the same way
as with the evaluation scale from 0 to 100 points.
Adaptability criteria have different levels of
importance; therefore, they must be assigned different weights ui. When determining the weight
factors for criteria of work equipment adaptability, it is necessary to take care that the relations
between criteria make sense. The transitivity rule
is valid here, i.e. if the first criterion has a larger
weight than the second criterion:
u1 > u2
and if the second criterion has larger weight
than the third criterion:
Volume 9 / Number 1 / 2014

u2 > u3
then the first criterion has larger weight than
the third criterion:
u1 > u3
The method of pair comparison is usually used
for determining the weights of criteria [14].
It is necessary to consider the following when
determining the weights of criteria, using the pair
comparison method:
– the criterion that is more important than the
other one is circled,
– if there are two equally important criteria,
they are circled with an oval,
– the weight of a criterion is a quotient
between the number of its advantages and
the total number of advantages,
– the sum of the weights of the criteria is 1,
– the criterion with the maximum weight is
the most important and is placed as first.
Known values of meeting the criteria on the third
level of work equipment di,j and weights ui, allow
the calculation of indices of work equipment adaptability regarding universality, mobility, modularity,
compatibility, economy, and total index.
The results of determining the indices of work
equipment adaptability are entered in a polar chart;
such an example is shown in Figure 8.

Figure 8. Profile of work equipment adaptability
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4. Selection of the optimal work equipment
with respect to adaptability
The known system of evaluating work equipment adaptability allows the selection of the work
equipment with the highest adaptability index
(i.e. the optimal work equipment) from a group of
available units.
Analysis of optimisation methods showed that
the benefit-analysis method would be the most
useful for a selection of the optimal work equipment [15]. This method requires data from suppliers of work equipment regarding fulfilment of
criteria di,j, and the data from the buyer of the work
equipment regarding weights of criteria ui.
After the creativity workshop had been carried
out [16] regarding the weights of criteria, it was
concluded that the selection would be carried out
in two phases.
In the first phase, a coarse selection of a smaller group of work equipment suppliers (up to five
units) that best meet the requirements according to
the defined criteria would be made. The basic data
for a coarse selection would be provided by unified data on the fulfilment of the required criteria
in the smaller group of work equipment suppliers
(di,j = 0 or 1).
In the second phase, a fine selection of work
equipment would be carried out, i.e. the work
equipment with the maximum benefit (maximum
adaptability index) would be selected from the
smaller group. Basic data for the fine selection
would be provided by the data on the tests performed regarding fulfilment of the di,j criteria in
the smaller group of suppliers (0 points ≤ di,j ≤ 100
points).
4.1 Coarse selection of the smaller group of
work equipment
During coarse selection of work equipment, it
can be determined for each unit whether it meets
the target tree criteria, by using the data from the
suppliers.
For the j-th offered work equipment, an n-tuple
of numbers regarding fulfilment of criteria of the
work equipment is created:

where:
 1 , j - th work equipment fulfils the i - th criterion
d i, j = 
0 , j - th work equipment doesn' t fulfil the i - th criterion

di,j – fulfilment of the i-th criterion on the j-th
work equipment (1 ≤ j ≤ m)
On the basis of the data on weights of criteria of
a work equipment ui (weights of criteria are normalised so that their sum is equal to 1)
u1, …, ui, …, un
ui – weight of the i-th criterion of a piece of
work equipment (1 ≤ j ≤ n)
and the values of criteria of the j-th work equipment di,j, the sum of the products of weights and
values of criteria of the j-th work equipment is calculated as:
u1∙d1,j + … + ui∙di,j + … + un∙dn,j
This is usefulness or index of adaptability of
the j-th work equipment.
n

k j = ∑ u i ⋅ d i, j
i =1

kj – usefulness of the j-th work equipment
ui – weight of the i-th criterion
di,j – value of the i-th criterion of the j-th work
equipment
It is convenient to write the calculation of usefulness of all offered work equipment units regarding their adaptability in a matrix form.
Three matrices must be created for this purpose:
matrix of weights U, which has one line and n
columns:
U = [u1, …, ui, …, un]
matrix D of values of functions, which has n
lines and m columns:

d1,j, …, di,j, …, dn,j
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 d 1,1  d 1, j


 
D =  d i ,1  d i , j
 


d n ,1  d n , j

 d 1, m 

 
 d i,m 
 

 d n , m 

matrix K of usefulness of the offered work
equipment, which has one line and m columns:
K = [k1, …, kj, …, km]
Using the rule for multiplying matrices, we obtain the matrix of usefulness of the work equipment offered:
K = U∙D
By ranking elements of matrix K, it is possible
to obtain a smaller group of work equipment units
for fine selection.
4.2 Fine selection of work equipment
Fine selection of work equipment starts with
tests at suppliers of the smaller group of work
equipment, and by taking notes on values of fulfilment of the required criteria di,j*.
An n-tuple of numbers di,j* regarding fulfilment of the required functions is created for the
j-th work equipment:
d1,j*, …, di,j*, …, dn,j*
The fulfilment of the criteria is between: 0
points ≤ di,j* ≤ 100 points
di,j* – the value of fulfilment of the i-th criterion
of the j-th work equipment (points)
On the basis of the data on weights of the required criteria of a work equipment ui, and fulfilment of the criteria of the j-th work equipment
of the smaller group di,j*, it is possible to create a
sum of products of weight factors and criteria fulfilment values of the j-th work equipment:
u1∙d1,j* + … + ui∙di,j* + … + un∙dn,j*
This value is the usefulness of the j-th work
equipment:
Volume 9 / Number 1 / 2014

n

k *j = ∑ u i ⋅ d i*, j
i =1

kj* – usefulness of the j-th work equipment in
a smaller group
In fine selection, it is convenient to write the
calculation of the usefulness of the smaller group
of work equipment in a matrix form. For this purpose, it is necessary to create two matrices:
matrix D* of the values of fulfilment of criteria of the smaller group of work equipment, which
has n lines and (for example) 3 columns:
 d 1*,1

 *
D =  d i ,1
 
 *
d n ,1

d 1*,m 

 
d i*,m 
 

d n*,m 

d 1*, j

d i*, j

d n*, j

matrix K* of usefulness kj* of work equipment
in the smaller group, which has one line and 3 columns:
K* = [k1*, k2*, k3*]
By multiplying matrices, we obtain the matrix
of usefulness of the smaller group of work equipment:
K* = U∙D*
By ranking elements of usefulness matrix K*,
it is finally possible to obtain the work equipment
with the maximum usefulness, i.e. with the maximum adaptability index:

{ }

k o*p t = m a x k *j
j =1, 2 , 3

5. Case study of selecting the optimal CNClathe with respect to adaptability
By conducting an analysis of the production
programme over the previous five years, the company’s management found that the production programme (considering types of products and their
quantities) changed considerably from year to year.
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The management decided that before buying
work equipment in the future, it would be necessary to pay attention to the adaptability of work
equipment, in order to make the company more

adaptable to the constant changes of the production programme. Using the defined criteria, it
would be necessary to select work equipment that
ensures the maximum adaptability.

Figure 9. The criteria for assessing the adaptability of a CNC lathe
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Table 1. Questionnaire on fulfilment of criteria
Basic
criterion
no.

Supplier of CNC lathe

Intelligence
Universality
Flexibility

Mobility

Design of work
equipment

Compatibility

Effect of
environment on
cnc lathe

Economy

Investment costs

Self-diagnosis – control
Self-acquisition and processing of data
Decentralised control
Self-control – control of collision
Functional flexibility – size
Functional flexibility – function
Flexibility of layout
Size
Mass
Robustness – stiffness for transport
Simple assembly/disassembly

1
2
3
4
5
6
7
8
9
10
11

Operating conditions – vibrations
Operating conditions – temperature
Operating conditions – humidity
Self-sufficient supply – energy

46
47
48
49
50

Criterion
fulfilled
Yes

No

Table 2. Usefulness matrix of nine CNC lathes
CNC-1 CNC-2 CNC-3 CNC-4
Weights of
Basic
required
di,1
criterion
criteria
no.
ui
1
0,01
0
2
0,02
0
3
0
0
4
0,05
0
5
0,03
0
6
0,02
0
7
0,02
1
8
0,015
1
9
0,02
1
10
0,025
0
11
0
0
46
47
48
49
50

0,005
0,005
0
0
0,2
50

k j = ∑ ui ⋅ d i , j

0
0
0
0
1

CNC-5

CNC-6 CNC-7 CNC-8 CNC-9

ui∙di,1 di,2 ui∙di,2 di,3 ui∙di,3 di,4 ui∙di,4 di,5 ui∙di,5 di,6 ui∙di,6 di,7 ui∙di,7 di,8 ui∙di,8 di,9 ui∙di,9
0,00
0,00
0,00
0,00
0,00
0,00
0,02
0,02
0,02
0,00
0,00

1
1
0
0
0
0
0
1
1
1
1

0,01
0,02
0,00
0,00
0,00
0,00
0,00
0,02
0,02
0,03
0,00

0
0
0
0
0
0
0
1
0
0
0

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,02
0,00
0,00
0,00

1
1
0
0
0
0
1
0
0
1
1

0,01
0,02
0,00
0,00
0,00
0,00
0,02
0,00
0,00
0,03
0,00

1
1
1
1
1
1
0
1
1
1
1

0,01
0,02
0,00
0,05
0,03
0,02
0,00
0,02
0,02
0,03
0,00

0
0
0
0
0
0
0
1
1
1
0

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,02
0,02
0,03
0,00

1
1
1
1
1
1
0
1
1
1
1

0,01
0,02
0,00
0,05
0,03
0,02
0,00
0,02
0,01
0,03
0,00

0
0
1
0
0
0
1
1
1
1
0

0,00
0,00
0,00
0,00
0,00
0,00
0,02
0,02
0,02
0,03
0,00

0
0
0
0
0
0
0
1
1
1
1

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,02
0,02
0,03
0,00

0,00
0,00
0,00
0,00
0,20

0
0
0
0
0

0,00
0,00
0,00
0,00
0,00

0
0
0
0
1

0,00
0,00
0,00
0,00
0,20

0
0
0
0
1

0,00
0,00
0,00
0,00
0,20

0
0
0
0
1

0,00
0,00
0,00
0,00
0,20

0
1
1
0
0

0,00
0,01
0,00
0,00
0,00

0
0
0
0
1

0,00
0,00
0,00
0,00
0,20

0
0
0
0
0

0,00
0,00
0,00
0,00
0,00

0
0
0
0
1

0,00
0,00
0,00
0,00
0,20

0,40

0,47

0,27

0,41

0,80

0,20

0,86

0,29

0,35

i =1

Rank of the offered
CNC lathes:

5.
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After confirmation of the production programme for that particular year, it was found that
the company urgently needed a new CNC lathe. A
project team was established and tasked with selecting the CNC lathe that would ensure the maximum adaptability.
A creativity workshop was organised in the
company [10, 11, 16] with the aim of the team
developing a target tree of criteria for assessing
the adaptability of the CNC lathe. The results of
development of the target tree of criteria are presented in Figure 9.
The project team, in collaboration with suppliers
of CNC lathes, created a scheme of fulfilment of
criteria for each criterion defined on the fourth level
of the target tree (Figure 9). Because the CNC lathe
adaptability criteria had various levels of importance, the project team assigned different weights
to them by using the pair-comparison method.
Known criteria on the CNC lathe adaptability
and known weights of criteria allowed the project
team to carry out the coarse and fine selection of
the CNC lathe.

In order to carry out the coarse selection of
CNC lathes, the project team sent a questionnaire
regarding fulfilment of criteria for evaluating the
adaptability of CNC lathes to suppliers of CNC
lathes. Table 1 shows a part of the questionnaire.
After receiving answers from nine suppliers of
CNC lathes, the project team made a coarse selection of three CNC lathes that best fulfilled the
required criteria. Using the known matrix D of fulfilment of the required criteria of the offered CNC
lathes, and matrix U of criteria weights, the elements of usefulness matrix were calculated:
K = U∙D
Some results of the usefulness matrix are
shown in Table 2.
After selecting a smaller group of CNC lathe
suppliers, the project team, in collaboration with
respective suppliers, made a plan of tests to be
performed at a particular supplier regarding fulfilment of the criteria. During the tests, the project
team members made notes on fulfilment of the

Table 3. Usefulness matrix of three CNC lathes
Basic
Description of required criteria of a
criterion
CNC lathe:
no.

Smaller group of CNC lathes j = 2,5,7

Weights of
required
criteria
ui

di,2*

ui∙di,2*

di,5*

ui∙di,5*

di,7*

ui∙di,7*

CNC-2

CNC-5

CNC-7

1
2
3
4
5
6
7
8
9
10
11

Self-diagnosis – control
Self-acquisition and processing of data
Decentralised control
Self-control – control of collision
Functional flexibility – size
Functional flexibility – function
Flexibility of layout
Size
Mass
Robustness – stiffness for transport
Simple assembly/disassembly

0,01
0,02
0
0,05
0,03
0,02
0,02
0,015
0,02
0,025
0

0,50
0,50
0,20
0,00
0,20
0,10
0,00
0,80
0,60
1,00
1,00

0,01
0,01
0,00
0,00
0,01
0,00
0,00
0,01
0,01
0,03
0,00

0,90
0,90
0,80
0,50
0,40
0,40
0,00
0,90
0,70
0,90
0,80

0,01
0,02
0,00
0,03
0,01
0,01
0,00
0,01
0,01
0,02
0,00

1,00
1,00
0,80
1,00
1,00
1,00
0,00
1,00
0,50
0,90
0,60

0,01
0,02
0,00
0,05
0,03
0,02
0,00
0,02
0,01
0,02
0,00

46
47
48
49
50

Operating conditions – vibrations
Operating conditions – temperature
Operating conditions – humidity
Self-sufficient supply – energy
Investment costs

0,005
0,005
0
0
0,2

0,10
0,20
0,20
0,00
0,15

0,00
0,00
0,00
0,00
0,03

0,20
0,20
0,20
0,00
0,40

0,00
0,00
0,00
0,00
0,08

0,30
0,30
0,20
0,00
0,90

0,00
0,00
0,00
0,00
0,18

50

k *j = ∑ ui ⋅ d i*, j

0,45

0,58

0,75

i =1

RANK OF THE NARROWER GROUP of CNC lathes:
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required criteria on a particular CNC lathe. The
lathe that best fulfilled a particular criterion received 100 points, while the other two lathes received penalty points.
Using the known matrix D* of achieved points,
and matrix U of weights of criteria, the elements
of the usefulness matrix were calculated:
K* = U∙D*
Some of the results of the usefulness matrix of
the three CNC lathes from the smaller group are
shown in Table 3.
By ranking the smaller group of three CNC
lathes according to their usefulness (i.e. their
adaptability index), the project team suggested
that the company should buy the CNC-4 lathe,
which had the highest adaptability index.
6. Conclusions
This article defines the components of adaptability of work equipment. The system of adaptability assessment is also presented.
The target tree is the basis of the system for assessing the adaptability of work equipment, showing the hierarchy of criteria for assessment of work
equipment adaptability. A scheme regarding fulfilment of each basic criterion of the target tree is designed. Criteria have different importance and thus
different weights. Known values of meeting the
criteria and corresponding weights of criteria allow
the calculation of adaptability index of the observed
work equipment (i.e. usefulness of work equipment).
By first making coarse and afterwards fine
selection of the available work equipment using
the usefulness method, it is possible to obtain the
work equipment with the maximum adaptability
index, i.e. with the maximum usefulness.
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